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Abstract

Background: Early detection of cancer is of paramount importance for successful treatment.
Unfortunately, this is currently complex and time consuming. New sources of biomarkers are
needed to improve. Exosomes are nano sized extracellular vesicles released by almost all
cells have gained much interest as a cancer biomarker source due to their ability to transfer
genetic materials, stability and ease of availability.

Aims: The aim of this study is to investigate the potentials of exosomes as a source of
biomarkers of cancer in general and lung cancer in particular. To achieve this, exosomes from
three difference cancer cell lines (lung cancer H358, leukaemia THP1 and breast cancer
MCF7) and a primary lung cell HBTE were isolated and their protein contents were analysed
to establish wheather cancer specific proteins are present.

Methods and Materials: Exosomes were isolated and characterized by scanning (SEM) and
transmission electron microscopy (TEM), dynamic light scattering (DLS) and Western Blot
analysis. The exosome number and protein profile were analysed at different cellular growth
stages using Exo-Elisa based on exosomal marker CD63 and mass spectrometry (MS)
respectively. LC-MS based proteomic approach has been used to compare the proteomic
profile of exosomes from three cancer cells. Finally, comparative proteomic study and gene
expression analysis were carried out between exosomes from lung cancer cell (H358) and its
counterpart normal cell (HBTE)

Results and Discussions: Successful isolation of exosomes from H358, THP1 and MCF7
was confirmed based on their size distribution (ranging from 96.54+28.53nm to
128.06+17.74nm) and by the presence of exosomal markers (CD63, CD81, CD9 and Hsp70).
The number of exosomes released/cell was shown to increase with time ranging from 14500
on day 1 to 18000 at day 15. Interestingly, MS analysis revealed that, alpha-2-macroglobulin
(A2M) and pregnancy zone protein was present only in stationary phase indicative of the
oxidative stress.

Comparative proteomic study by LC-MS identified a total of 613 proteins commonly found
across three cell lines. A large proportion of membranous proteins were identified including
integrins, catenins, cadherins, and cathepsins. Most of which are involved in molecular
signalling, cellular growth and transport, supporting the role of exosomes in cellular
communication. Several adhesion molecules such as integrins, laminlins, catenins as well as
cadherins and cathepsins were also identified as differentially expressed between different
types of cancer derived exosomes.

Proteomic profiling of HBTE cell derived exosomes revealed 1011 proteins which only
partially overlapped with those identified in H358 exosomes. A total of 205 proteins were
specific for the cancerous lung cell line derived exosomes. Of particular interest was the
identification of CTNNBJ1, an adhesion molecule known to be present in several other lung
cancers, making it an ideal candidate for biomarker for non-small cell lung cancer,
bronchioalveloar carcinoma. Gene expression analysis revealed that this protein is expressed
at cellular level in both cancerous and normal lung cells, albeit found in a significantly higher
level in H358 (p<0.05).

Conclusion: This is the first report to show successful isolation and characterization of
exosomes from H358 and HBTE. Comparative proteomic analysis of the newly isolated
exosomes not only revealed that exosomes are a good source of lung cancer biomarkers but
identified a potential candidate. CTNNBL1 was selectively found in lung cancer cell derived
exosomes but not in the counterpart normal cell (HBTE) and was selected for further
investigation.
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Chapter 1:

Introduction:

1.1 Overview of the project:

Understanding any human disease needs comprehensive analysis of the biological systems
involved in that disease. For example, recently, it has been reported that extracellular vesicles
such as exosomes released by almost all cells play an important role in the biological function
of cancer. Several studies have addressed the proteomic profiling of cell as well as exosomes
to analyse the molecular characteristics of proteins involved in physiological and pathological
state of the biological system. The purpose of the project is to investigate exosomes from
lung cancer cell line H358, leukaemia cell line THP1, breast cancer cell line MCF7 and
primary lung cell HBTE as a source for cancer biomarker in general and lung cancer in

particular.

1.2 Cancer:

Cancer is usually results of a series of molecular events where the functional properties of
normal cells are altered. The alteration of normal cells to abnormal ones happens due to
mutations of protein encoding genes which maintain cell division (Pierotti, 2017). Due to the
gene mutation, the proteins that normally counter the DNA damage by triggering cell death,
fails to do the DNA maintenance, which in turns increases the number of mutated cells with
more mutations (Vogelstein et al., 2013). These mutated abnormal cells has the capability to
invade or spread into other normal cells in the body (Kalia, 2015). Malignant cancer is
normally characterised by the presence of six hallmarks which include cell proliferation,
escape cell death, introduce angiogenesis, evade growth suppressors, disseminate, invade and

metastasize (Hanahan and Weinberg, 2000).

According to World Health Organisation (WHO), cancer is one of the leading cause of death
accounting for 8.8 million deaths in 2017 (Global Burden of Disease Cancer Collaboration,
2017) and within 2018 over 1.7 million new cancer cases are expected to be diagnosed in
United States alone (Siegel et al., 2018). The basic difference between normal cells and
cancer cells is that a normal cell grows into very specific cell type with distinct function.
Normal cells have a well-defined nucleus, shape and fine chromatin. On the contrary, cancer

cells do not follow this pattern and have multiple nuclei, an unorganised shape and a coarse



chromatin (Figure 1.1) (Webster et al., 2009). Normal cells are regulated by the signals which
control cell divisions. But cancer cells can avoid the signals and divide without pause as long
as they receive oxygen and nutrients to grow (Hanahan and Weinberg, 2000). This
unregulated proliferation of cell brings abnormalities to cellular behaviour. Normal cells
produce some growth factors such as epidermal growth factor (EGF) (Janmaat and Giaccone,
2003) and platelet derived growth factors (PDGF) by which normal cell sends signal to other
cells to proliferate (Ranza et al., 2007). But cancer cells, instead of responding to these
signals, continue to grow in an uncontrolled manner, invade other surrounding tissues and
eventually end up being spread throughout the body (Jiang et al., 2015). Because of these
uncontrolled behaviour cancer cells become totally independent to these signals that control
cell growth or death and start to act as an autonomous entity rather than a part of the body
(Aktipis et al., 2015). Cancer can occur from abnormal proliferation from any kind of normal
cells so there can be many types of cancer depending on their origin of cell types (Hanahan
and Weinberg, 2000). Cancer can be divided into two types such as benign tumours which do
not metastasize and have distinct shape, have very low rate of growth and since they do not
go through metastasis, they expands within the originated tissue. The other type is malignant
tumours which have the ability to metastasise and avoid cell death. They also have a fast
growth rate and doubling time. Metastasis is the penetration of the basement tissue membrane

and invading other potential tissue (Morrissey et al., 2013).

Cancer

Wf—— Cytoplasm — —
Nucleus

____—~Nucleolus

Chromatin

— Large cytoplasm — Small cytoplasm

— Single nucleus — Multiple nuclei

— Single nucleolus — Multiple and large nucleoli
— Fine chromatin — Coarse chromatin

Figure 1.1: Structural differences between cancer cells and normal cells. On the left normal
cell has a clear defined shape with distinct nucleus and nucleolus whease on the right, cancer
cell does not have a distinct shape with multiple nuclei and coarse chromatin (Webster et al.,
2009).

1.3 Cancer Discussed in this study:

Three cancers will be used in this study using representative cell lines. The first one is lung
cancer. To study the exosomes of lung cancer, broncheoalvelolar carcinoma, non-small cell

lung cancer cell line H358 is used. The other two cancers are leukaemia and breast cancer. To



study the proteomics of exosomes from leukaemia, acute monocytic leukaemia cell line
THP1 was used and breast adenocarcinoma cell line MCF7 was used to study breast cancer

cell derived exosomes. These three cancers will be discussed individually in detail bellow.

1.3.1 Lung Cancer:

Among all cancers, lung cancer is the leading cause of death in both men and women
followed by the prostate and breast cancer for men and women respectively (Siegel et al.,
2016). Lung cancer is the main cause of one third of the total death from cancer in the world.
Lung cancer can be divided into two major groups, non-small cell lung cancer (NSCLC)
making up 80% of the total lung cancers and thought to be originated from epithelial cells
from the lung and rest of the 20% are small cell lung cancer (SCLC) which is a tumour of
neural crest origin (Sharma et al.,, 2007). SCLC consists of the major subtype of
neuroendocrine tumours including typical carcinoid, atypical carcinoid, and large cell
neuroendocrine carcinoma (LCNEC) (Chong et al., 2006). Smoking is one of the main causes
for SCLC. Patients with SCLC are rarely operated due to the fast nature of spread and their
aggressiveness (Rekhtman, 2010). NSCLC comprises the three major histotypes, including
squamous cell carcinoma (SCC), large cell carcinoma (LCC) and adenocarcinoma (AC), the
latter covers 30% of all lung cancers (Dela Cruz et al., 2011; Kayser et al., 2013) and
reported as the most frequent histotypes in recent years replacing SCC (Devesa et al., 2005).
AC consists of cells with secretory or glandular properties from the periphery of the lung
(Sun et al., 2007). The recent changes in the histology is due to the increased rate of smoking
in women and increased concentration of certain carcinogens in the modern cigarettes
(Stellman et al., 1997). Interestingly, even though among all AC cases a total of 20% are
associated with cigarette smoking, but the rest of the AC cases are non-smoker and women
(Brambilla and Gazdar, 2009). On the other hand, SCC consists of multi-layered squamous
cells usually not present in the respiratory epithelium but arises from the glandular or
secretory cells due to the metaplastic changes as a result of smoking tobacco (Belinsky,
2004; Sun et al., 2007). The five-year survival rate after surgical treatment ranges from 80%
for NSCLC in early stages (Uzel and Abacioglu, 2015). Smoking is one of the major risks for
early onset of lung cancer. However, historical type, genetic susceptibility and gender
distribution have also have impact on the early onset of lung cancer (Alexandrov et al., 2016;
Kreuzer et al., 1998). However, mutation of TP53, Kirsten rat sarcoma virus (KRAS) and
epidermal growth factor receptor (EGFR) genes are mostly altered in lung cancers. These
genes are responsible for monitoring DNA damage and cell proliferation. Mutations of TP53

3



results altered p53 protein that fails to control cell proliferation and allows the damaged DNA
to reside in cells (Collisson et al., 2014). Furthermore, altered KRAS and EGRF produces a
GTP protein that fails to regulate cell division resulting tumour formation (Karachaliou et al.,
2013). Risk factors of lung cancer include association of single nucleotide polymorphisms in
matrix-metalloproteinase 1 (MMP1), Glutathione S transferase mul (GSTM1), and
Cytochrome P 450 (CYP450) genes to the early onset of lung cancer (Sauter et al., 2008;
Timofeeva et al., 2010). Additional risks include first degree relatives with cancer, even
higher risk if the parent or siblings were affected with lung cancer (Bromen et al., 2000).

The cell line used in this study as lung cancer is H358 which is a broncheoalveloar carcinoma
(BAC), which is a subset of lung adenocarcinoma aries from the distal brochiols or alveoli
and shows non invasive growth pattern (Van Schil et al., 2012). Due to the multicentric
nature of BAC may rise from multiple lobes in the chest. The symtoms of BAC such as chest
pain, cough and sputum production may mislead BAC with pneumonia or any other non-
infectious diseases (Thompson, 2004). Clinical reports suggested that 62% BAC patiens do
not show any symtoms of BAC while 38% patients showed symtoms of chest pain, cough
and sputum production (Dumont et al., 1998). H358 is a non small cell lung carninoma which
is different in clinical presentation, tumor biology and response to therapy compared to other
non small cell lung carcinoma (Raz et al., 2006). Mutations in EGFR and KRAS genes are
common with bronchioalveolar carcinoma (Garfield et al., 2006).

1.3.2 Breast Cancer:

The other two types of cancer cell investigated in this project are Breast cancer cell and acute
monocytic leukaemia. Breast cancer is one of the leading public health issue worldwide
(Stuckey, 2011). It is a heterogeneous disease for women with 252,710 new cases for
invasive breast cancer were diagnosed in 2017 (American Cancer Society, 2017). The 5 year
survival rate for breast cancer is 89% which goes down to 83% for 10 years and even lower at
78% for 15 years (Miller et al., 2016). Breast cancer starts from the parts of breast tissue that
are meant to produce milk called lobules and ducts that linked with lobules with the nipples
(Hansen and Bissell, 2000). BRCAL, BRCA2, TP53 and PTEN are the most common genes
that are found mutated in breast cancer (Filippini and Vega, 2013). However, genes involved
in DNA repair such as ATM, CHEK2, BRIP1, PALB2 and RAD50 have been reported to be
mutated in breast cancer (Ripperger et al., 2009). Apart from gender, factors considered as

risk for breast cancer include age, family history, exposure to radiation, other carcinogens,



alcohol, ethnic groups, life styles such as diet and exercise (Stuckey, 2011). Other risk factors
causes breast cancer include level of circulating oestrogen, events and choice of life, for
example, giving birth for the first time, number of child she has, early menarche, late
menopause, breastfeeding, the use of the contraceptive pill and hormone replacement therapy
can all affect breast cancer risk (American Cancer Society, 2015). There are five subtypes of
breast cancer which include Luminal A, Luminal B, Basal-like, Human Epidermal growth
factor Receptor 2 (HER?2) positive/Oestrogen Receptor (ER) negative, and normal breast-like
(Polyak, 2007). Early detection of breast cancer is pivotal for improved diagnosis and
treatments (Kosters and Ggtzsche, 2003).

The cell line used for the study of breast cancer is MCF7 cell line which is a breast
adenocarcinoma derived from the metastatic site of pleural effusion. MCF7 is a ER-positive
cell line (Lee et al., 2015). Mutations in p53 gene (Balcer-Kubiczek et al., 1995) and ESR1

have been reported MCF7 cell line.

1.3.3 Leukaemia:

Leukaemia is a disease of white blood cells circulating through the body. In a person with
leukaemia, the bone marrow (BM) produces abnormal white blood cells that are called
leukaemia cells and leukemic blast cells. Leukaemia is characterised by abnormal and
uncontrolled proliferation of blood cells usually associated with mutated gene such as
oncogenes, tumour suppressor genes (Crans and Sakamoto, 2001). Chimeric genes, one of the
major contributor for the oncogenic abnormalities of normal cells which results due to the
chromosomal translocation (Nambiar et al., 2008). Depending on the pathways of the stem
cells leukaemia can be divided into two subtypes, myeloid or lymphoid. Moreover, based on
the growth rate of either lymphoid or myeloid cells leukaemia is divided into two further
subtypes including acute and chronic. In acute leukaemia, the BM produces vast amount of
blood cells with impaired functionalities and very aggressive in nature with fast growing
capability. So fast treatment is essential for the survival of the host (Blair et al., 1998). In
contrast, chronic leukaemia cells have much slower growth rate and requires prolonged
treatment and attention without any specific therapy (Rodrigues et al., 2016). In addition,
depending on growth rate and type of cells leukaemia can be divided into four groups, acute
lymphocytic (ALL), chronic lymphocytic (CLL), acute myeloid (AML), and chronic myeloid
(CML). Although leukaemia is often thought of as a childhood cancer, the majority (91%) of

cases are diagnosed in adults 20 years of age and older. Among adults, the most common



types are CLL (37%) and AML (31%), while ALL is most common in those 0 to 19 years,
accounting for 75% of cases. There are no early screening tests recommended for leukaemia
but diagnosis is done sometimes based on the irregular blood test results performed for other
indications. AML is a heterogeneous disease with different immune phenotyping and
cytogenic characteristics. The basic characteristics of AML are the production of extremely
high number of abnormal cells without the capability to mature into functional cells, such as
monocytes. The high number of abnormal cells with dysfunctional characteristics replaces the
normal cells in the BM, which hampered the production of white blood cells, red blood cells
and platelets. As a result, the whole immune systems suffer insufficiency. Several
abnormalities in the chromosome have been detected which lead to AML and decides the
outcome of the treatment (Dohner et al., 2010). FLT3, NPM1 and CEBPA are reported as the
most mutated genes in AML (Nardi and Hasserjian, 2016). Mutation analysis several other
genes are also considered significantly important. For instance, in a study of 1185 AML
patients, mutations in several other genes such as KIT, N-RAS, MLL,WT1, IDH1/2, TET2,
DNMT3A and ASXL1 were observed most frequently (Dombret, 2011). This irregularity and
heterogeneity of genetic variations in AML make the improvement of individual treatments
greatly difficult. A few works have demonstrated a high relationship between the level of
heterogeneity, treatment result and the presence of remaining residues after treatment (Vo et
al., 2012). This is because even a little subpopulation of cells with genetic abnormalities
might be of significant reoccur the disease and should be considered in treatment plan (Saultz
and Garzon, 2016).

THP1 cell line is used as a representative for leukaemia. THP1 is an acute monocytic
leukaemia (AML-M5) and derived from peripheral blood which mainly consists of
monocytes. It is considered as one of the sub type of AML and represents 3-6% of all AML
and characterised by the symptoms such as fatigue, fever, bleeding disorders and gingival
hyperplasia. The incidence of AML-MS5 is higher in men than female with a ratio of 1.8 male
to female (Khokhar et al., 2010). In AML-M5 around 20% of bone marrow cells are
monocytes. AML-M5 is usually associated with abnormalities in the chromosomes normally
chromosome 11 such as t(9:11) (Kollmannsberger et al., 1998). Genetic mutations of acute
monocytic leukaemia include MLL and DMNT3A genes (Yan et al., 2011).



1.4 Mechanism of Metastasis:

Metastasis plays a vital role in cancer development. It is the main reason of death for 90%
cancer patients. It is the end product of a very complex multistep biological process (Mehlen
and Puisieux, 2006). Metastasis is the formation of progressive secondary tumour distant
from their site of origin (Keller, 2002). During metastasis the tumour cells have to go through
several discrete processes starting with tumour cells invading the surrounding tissues (local
invasion). Then penetrating the blood and lymphatic vessels (intravasation), and being
transported to distant sites (transport) only to escape the circulatory systems (extravasation)
and form small nodules (micro metastases), which finally grows into fully developed macro
metastases (metastatic colonization) (Nguyen et al., 2009). Figure 1.2 shows the schematic

steps of metastasis.
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Figure 1.2: Stages of metastatic process, from primary tumour invasion to growth of
secondary tumour. Cancer cells escape from the primary tumour site, pass through the
membrane of the blood vessels or lymphatic vessels, travel through the vessels and finally
escapes the vessels when they reache the secondary tumour site to metastasize (Wirtz et al.,
2011).

Cancer progression and metastasis starts by invasion, where cancer cells overcome the
extracellular barrier by their ability to attach, proteolyse the extracellular matrix components
and then migrate into surrounding tissues either collectively or individually. Initiation of
invasion occurs once tumour cells have the capability to pass through the membrane of the
surrounding tissues and the extracellular matrix (Soung et al., 2015). During invasion, tumour
cells adhere to the cellular components of the cell surface receptors called adhesion
molecules or CAMs (cell to cell adhesion molecules) and glycoproteins of the cell surface.
These proteins belong to the six proteins families such as cadherins, integrins,

immunoglobulin superfamily, selectin and lymphocytes homing receptors (Bozzuto et al.,

7



2010). The successful completion of invasion of cancer cells will lead to intravasation of
tumour cells by penetrating through the lymphatic or vascular circulation (Martin et al.,
2000). Once in the circulatory system tumour cells have to face the fluid shear stress,
hydrostatic pressure, and tension as well as compression forces of the soft tissues (Butcher et
al., 2009). During intravasation and extravasation, tumour cells over come severe cell
deformation and squeeze through the endothelial junctions and shows severe resistance
against cell deformations (Mitchell and King, 2013). This requires increased elasticity of the
cytoplasm and the interphase nucleus that is driven by cytoskeletal remodelling, chromatin
organization and nuclear envelope interactions, via linkers of the nucleus and cytoskeleton
(LINC) proteins, SUN domain containing proteins and Klarsicht homology (KASH) domain-
containing proteins, with the cytoskeleton (Wirtz et al., 2011).

Once in the circulatory system, cancer cells must overcome the shear stress and collisions
with other cell types and immunologic surveillance (Talmadge and Fidler, 2010; Wirtz et al.,
2011). Activated platelets and leukocytes cluster with cancer cells and protect the cancer cells
from shear stress and immunologic surveillance (Lou et al., 2015).

For extravasation to occur, circulating tumour cells have to be either trapped in small vessels,
whose diameter is less than that of tumour cells, or adhere to the vessel walls. Adhesion of
circulating tumour cells depend on shear flow and is mediated by receptor-ligand interactions
between cancer cells and activated endothelium (Gay and Felding-Habermann, 2011; Wirtz et
al., 2011). It is thought that activated platelets release a multitude of growth factors including
VEGF (vascular endothelial growth factor), PDGF (platelet derived growth factor), TGFf
and promote tumour cell extravasation and invasion into the new microenvironment (Roberts
etal., 2013).

The location of metastatic sites has been a controversial topic in the field of cancer research
(Talmadge and Fidler, 2010). In 1889, Stephen Paget recognized that cancer cells show a
specific affinity or tropism for particular organs (Ribatti et al., 2006). For instance, breast
cancer cells metastasize typically to lungs, bones, liver and less often brain tissue while
prostate cancer cells almost exclusively metastasize to bone and liver but not lungs
(Talmadge and Fidler, 2010). As a result, Paget first proposed the ‘seed and soil’ hypothesis,
which upholds that organ specificity of metastasis corresponds to innate characteristics of the
tumour cell, the ‘seed’ as well as a particular organ micro-environment; the ‘soil” which has

to fit the requirements of the cancer cells (Ribatti et al., 2006). This was later challenged by



an alternative hypothesis, which states that the location of a metastatic site depends on the
pattern of blood flow. However, both the pattern of blood flow and the local
microenvironment may have a complementary role in influencing the site at which secondary

metastases grow (Talmadge and Fidler, 2010).

Once at the secondary organ, single tumour cells form micro-metastatic lesions that
eventually grow into macro-metastatic tumours, in a process known as colonization
(Talmadge and Fidler, 2010). However, colonization is thought to be a rate-limiting step in
the metastatic cascade because many patients have a number of microscopic colonies that do
not progress to macro-metastases (Bissell and Hines, 2011; Talmadge and Fidler, 2010). It
has been suggested that EMT (epithelial mesenchymal transition), which is associated with
cell cycle arrest in disseminating tumour cells, may prevent efficient growth of metastases
(Brabletz, 2012). This was recently supported by the findings that in secondary tissues,
cancer cells undergo a mesenchymal-to-epithelial transition (MET), which facilitates growth
of metastases by promoting stem cell like properties (Ocafia et al., 2012), proliferation (Tsai
et al., 2012) and alteration of the secretome (Korpal et al., 2011). Importantly, EMT and
MET are regulated by reciprocal interactions between EMT-inducing transcription factors,
such as the zinc finger E-box binding home box (ZEB) family members and Snail, and MET-
inducing microRNAs, including miR-200 and miR-34 families (Brabletz, 2012; Théry et al.,
2009). It is currently unknown what signalling molecules induce MET in metastatic cells,
however, a TGFp —related protein, bone morphogenetic protein (BMP), stimulates expression
of miR-200 family members to drive MET during somatic cell reprogramming (Samavarchi-
Tehrani et al., 2010).

Recently it has been found thet, nano sized vesicles released by cells called ‘exosomes’ play
an important role in invasion and cancer progression by enhancing the interaction between
the cells and their microenvironment (De Toro et al., 2015). Exosomes gained much attention
recently because they contain biomolecules like protein, lipids, nucleic acids that can be
transferred from primary tumour cells to various organs and tissues and help to create an
ideal environment by transforming the neighbouring cells within the microenvironment so
that the tumour cells can interact with neighbouring cell for successful growth and metastasis
(Soung et al., 2015).



1.5 Exosome:

Exosome are a distinct type of vesicles secreted by almost all cells and differ from other
released vesicles from the cell due to their size, shape and biogenesis (Pan et al., 1985). They
are formed by the budding of the limiting membrane of the sorting vascular endosomes
towards the lumen of these compartments thus forming intraluminal vesicles (ILVs). The
endosomes are then termed as micro vesicular bodies (MVBs) or multivesicular endosomes
(MVEs). Upon fusion of the MVEs to the plasma membrane the internal vesicles are released

to the extracellular space and termed as exosomes (Figure 1.3).

Exosomes are extracellular vesicles enclosed by a lipid bilayer, released by almost all cells
including normal and cancer cells. They have a round-cup shaped morphology with a size
range of 30-150nm (Zeringer et al., 2013; Sun et al., 2013; Yellon and Davidson, 2014).
Exosomes have some defining characteristics such as their nano size morphology, a density
gradient of 1.13-1.21g/ml and presence of several protein markers such as the tetraspanins,
TSG101, Alix (Zhang et al., 2014). Previously, exosomes were thought to be involved in
waste disposal mechanism to remove any unwanted materials from cells (Tickner et al.,
2014) but recently they gained much interest because of their role in cancer development and
other biological functions (Greening et al., 2015). Several studies show that exosomes from
both normal and malignant cells play vital role in tumorigenesis, apoptosis, and
chemotherapeutic resistance. They also works as important mediators in extracellular
signalling of cellular materials to other cells through the membrane (Figure 1.3) (Azmi et al.,
2013). Therefore, exosomes gained one of top priorities in cancer research because of the
molecular constituents of their cell origin including protein, lipids, miRNAs which play

important role tumorigenesis (Minciacchi et al., 2015).
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Figure 1.3: Biogenesis of exosomes. Exosomes are secreted by the exocytocis of the
multivesicular endosomes and taken up by the receipient cells by endocytocis.

1.5.1 Role of exosomes in metastasis:

Tumour derived exosomes help in metastatic process in cancer cells, it has been reported that
exosomes from tumour cells have the potential to assist the pre-metastatic niche, a chain of
events that prepare for the metastatic sites for the incoming metastatic cells (Costa-Silva et
al., 2015). In figure 1.4 a schematic diagram explains the role of exosomes in the process of
metastasis. At first cancer exosomes initiate the epithelial mesenchymal transitionin tumour
epithelial cells by mediating autocrine and paracrine signals within the microenvironment.
This transistion allows exosomes to enter into the blood circulation by invading other
surrounding tissues (Syn et al., 2016). The exosomes are then taken up by the distant tissues
to form a premetastatic niche which facilitates the metastatic cells to attach and extravasate
and eventually form colony of secondary tumour (Hood et al., 2011; Peinado et al., 2012).
Cancer exosomes modulate the host immunity to allow uncontrolled disease progression, and
even convert immune system into fostering a prometastatic microenvironment by activating

inflammation response pathways (Costa-Silva et al., 2015).

Furthermore, it is reported that, the metastatic behaviour of bone marrow progenitor cells was
increased by the introduction of exosomes derived from highly metastatic melanoma cells by
increasing the expression of MET receptor and enhancing their colonization to new
metastatic sites including the lungs and lymph nodes (Zhang and Wang, 2015). This

behaviour was dependant on the inhibition of receptor tyrosine kinase, MET in exosome
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derived from aggressive melanoma cells (Quail and Joyce, 2013a). Melanoma-derived
exosomes were also capable of stimulating endothelial signalling that is important for
endothelial angiogenesis. Recently it was also revealed that melanoma exosomes injected
locally preferentially travelled to sentinel lymph nodes and that this homing caused molecular
signals that provoked melanoma cell recruitment, extracellular matrix deposition, and
vascular proliferation in the lymph nodes (Hood et al., 2011). Tetraspanins, (CD9, CD63,
CD81 and CD82), which are enriched in exosomes, have been reported to contribute to
exosome-mediated angiogenesis. In a study carried out by Gesieruch et al., 2006, it was
demonstrated that exosomes secreted from a pancreatic tumour cell lines that overexpress
D6.1A (Human homologue CO-029, a tetraspanin associated with poor prognosis in patients
with gastrointestinal cancer (Gesierich et al., 2006)), which enhanced tumour growth by its
capacity to induce systematic angiogenesis in a rat model. Their results showed that D6.1A
induces overexpression some proangiogenic factors and matrix metalloproteinase which are
essential for the release of the angiogenic factors to induce the transcription of angiogenesis
(Kréling et al., 1999).
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Figure 1.4: Role of exosomes in metastasis. (A) exosome initiate metastasis, by activating
EMT pathways to enhance the invasiveness and motility of neoplastic cells and clearance of
natural barriers against metastases; (B) the preparation of a premetastatic niche, via the
recruitment of BMDCs, myofibroblast activation, and induction of ECM remodelling and
angiogenic processes; and (C) the escape of tumour cells from immuno-surveillance, which
may occur via the suppression of the innate and adaptive arms of the host immunity, and
conversion of reactive tumour infiltrates into accomplices in malignancy. Abbreviations:
Treg, regulatory T cell; TGFb, transforming growth factor beta; MMPs, matrix
metalloproteinases; TNF/, tumour necrosis factor alpha; IL-6, interleukin-6; AKT, proto-
oncogene Akt; ILK1, integrin-linked kinase 1; PDGF, platelet-derived growth factor; ZO-1,
tight junction protein 1; ECM, extracellular matrix; EMT, epithelial-mesenchymal transition;
BMDCs, bone marrow-derived cells; TDEs, tumour-derived exosomes. 608 Trends(Syn et
al., 2016).
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1.6 Composition of Exosome:

Exosomes are one of the most complex nano entities that are enriched in an arrays of
proteins, lipids, nucleic acid and RNAs (Kalani and Tyagi, 2015). This kind of molecular
arrangement is very versatile and depends on the specific cell type (Beach et al., 2014;
Kooijmans et al., 2012). During the last decade or so, the composition of exosomes has been
thoroughly investigated wusing various techniques including electrophoresis, mass
spectrometry, western blotting, flow cytometry, immune-EM. Recent advances in the MS-
based proteomic analysis, RNA analysis has been involved in a very crucial role to enhance
the understanding of the composition of exosomes derived from various body fluids (Choi et
al., 2013). All the proteins and RNA that are identified from exosomes so far are freely
available to the scientific community in ExoCarta (http://www.exocarta.org/), a free
compendium of proteins and RNA identified from exosomes (Mathivanan and Simpson,
2009).

1.6.1 Lipid Composition:

The first layer or the membrane of exosomes is composed of lipid bilayer which is partially
resistant to detergent. Several studies have shown that, exosomal membrane from different
cell types including B-cell has been found enriched of lipid rafts which includes cholesterol,
shingomyelin and ganglioside GM3 (Miyanishi et al., 2007; Smalheiser, 2007; Wubbolts et
al., 2003). However, exosomes derived from mast cells and DCs showed decrease level of
cholesterol and loss of phospholipid asymmetry but they did show increase in flip-flop of
lipids between the two leaflets when compared with the plasma membrane (Laulagnier et al.,
2004).

Exosome membrane has been reported to have phosphatidylserine (PS) which is distributed
between inner and outer side equally whereas plasma membrane in normal cells contain
phosphatidylserine to their inner side. At early stage of apoptosis, this phosphatidylserine
becomes exposed to the cell surface and recognised by the macrophages to help mediate
phagocytosis of apoptotic cells (Kooijmans et al., 2012; Miyanishi et al., 2007). PS was also
observed by flow cytometry analysis of Annexin-V stained exosome-bead complexes
(Fomina et al., 2003; Heijnen et al., 1999).
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1.6.2 Exosomal Protein Composition:

From the initial characterisation, a lot of efforts have been put on to identify and characterise
good quality exosomes. The presence of TfR (Transferrin receptor) associated to exosomes
released by reticulocytes was first identified by electron microscopy (EM) analysis (Pan et
al., 1985). Later on western blot analysis was used coupled with EM showed the presence of
exosomes in B lymphocytes enriched with MHC class 1l (Raposo et al., 1996) and
subsequently identified MHC class I and 11, as well as Tfr along with the tetraspanins (CD63
and CD82) were found in dendritic cells (Zitvogel et al., 1998). Exosomal protein
composition has been one of the main focuses for the researcher in recent years. It has been
found that, exosomes share some common proteins within all exosomes derived from all cell
types and some with their parent cells. Even though exosomes share some common proteins
regardless of the cell of origin, they do not cover the entire proteome of the parent cells
(Mears et al., 2004). Exosomes also have some cell type specific proteins which perform
specific function directed by the cells. Such as A33, cadherin-17, CEA, epithelial cell surface
antigen (EpCAM) and mucin-13 were identified from colon tumour cells (Mathivanan and
Simpson, 2009). The universal exosomal proteins include, the tetraspanins, (CD63, CD81,
CD9, CD82), the heat shock proteins70 (Hsp70), Rab protein family, cytoskeletal
components — actin, antigen presentation - MHC class I, lysosome markers - LAMPL,
LAMP2, Alix, tumour suppressor genel01 (Tsg101) (Conde-Vancells et al., 2008; Yoshioka
et al., 2013a) (Figure 1.5). A number of proteins common to almost all exosomes have been
identified which includes membrane adhesion proteins such as integrins which are cell
specific (Lamparski et al., 2002). Other examples are, oM from DCs, B2 from DCs. Mast
cells, T cells and 04B1 from reticulocytes (Théry, Zitvogel, et al., 2002).

1.6.2.1 CD63:

CD63 belongs to the family of tetraspanins, whose gene is located on chromosome 12 in
humans and is a transmembrane glycoprotein which interacts directly or indirectly with other
molecules such as CD9, CD 81, CD 3, MHC Il etc. CDG63 is one of the most frequently used
exosome marker protein expressed on the surface of late endosomes (exosomes) and
lysosomes (Lin et al., 2015) found in various cancer cells in vitro and in vivo. For example
high levels of CD63 expression was observed in exosomes derived from melanoma patients
(Logozzi et al., 2009). Furthermore, immunoblotting analysis on three different prostate cell
lines including normal and cancerous cell lines and five breast cancer cell line were found
positive for the expression of CD63 (Yoshioka et al., 2013a). Alike LAMP 1 and LAMP2,
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CD63 contain YXX@ motif at the carboxylic end which is important for endocytosis at the

plasma membrane.

The formation of exosomal sorting complex plays an important role in incorporation of this
protein on exosome surface. CD63 was fist discover to be expressed on the surface of early
stage melanoma cells (Hotta et al., 1988). However the expression of CD63 decreases as
cancer reaches to the late stage (Jang and Lee, 2003). As a result, this negative co-relation is
very important as it helps to detect cancer at early stage. The CD 63 plays vital role in
transporting protein which is specifically associated with tumour within the cell. In breast
cancer the CDG63 interact with TIMP1 which result in activation of integrin B1 and thereby
help in cell survival signalling and inhibition of apoptosis (Pols and Klumperman, 2009).

1.6.2.2 CD81:

CD81 is another member of the family of tetraspanin proteins which is expressed on the
surface of the cell (Bartosch et al., 2003).The gene of CD8L1 is located on chromosome
number 11 in humans. It is consider as surface protein whose molecular weight is 26 kDa.
The gene of CD81 found to be expressed in haemopoietin, epithelial and endothelial cells.
CD81 has been reported to be involved in various cellular function which includes adhesion,
activation and differentiation of B, T and other cells (Levy et al., 1998). Evidence also
suggests that CD81 like other tetraspanins are involved in tumour progression and metastasis.
In a study on mice model it has been observed that lack of expression of CD81 in lung
carcinoma cell line reduced tumour growth compared to the control. In the follow up study
similar effect was also seen on breast cancer cells on the same mice model (Vences-Catalan
et al., 2015). The main function of CD81 is in regulation of signal pathway, like the other
members of tetraspanins family. CD81 helps in cell development, activation, growth and
motility (Levy et al., 1998).

1.6.23 CDO9:

According to ExoCarta (http://www.exocarta.org/) a CD9 is the most identified exosomal
protein. CD 9 is the surface glycoprotein which interacts with integrins and other
transmembrane 4 superfamily proteins. Similarly to its other tetraspanins family members
CD9 plays an important role in cell adhesion and migration (Andreu and Yafiez-Mo, 2014).
Furthermore, like other tetraspanins CD9 also plays a vital role in cancer cell motility, growth
and proliferation (Kwon et al., 2014). Overexpression of CD9 in melanoma, lung, and breast
cancer were found to be associated with the suppression of cell motility and metastasis of
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these cancer cells (Wang et al., 2011). Evidence suggests that tumour stage and metastasis of
the lymph node in esophageal squamous cell carcinoma (ESCC) have been found to be
dependent on the expression of CD9. The expression level was found higher oesophageal
squamous cell carcinoma (ESCC) when compared to normal Oesophageal cells (Jian et al.,
2015).

1.6.2.4 Alix:

Alix is a well-known exosomal marker protein. It is a cytosolic protein found in mammalian
cells. It was identified as the molecule which assists in pro apoptotic signalling. It plays a
vital part in cell adhesion and endocytic membrane trafficking. Alix has been reported to play
a vital role in apoptosis (Odorizzi, 2006). It binds with ALG-2, a member of the tetra-EEE
hand protein family of Ca+ protein family (Maki et al., 2002). It has been shown that up
regulation of endogenous Alix ends up with cell death (Blum et al., 2004). If the expression
of Alix are overexpressed, it triggers the caspase activation and apoptosis in the absence of

pro-apoptotic signals (Mahul-Mellier, 2006; Trioulier et al., 2004).
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Figure 1.5: Protein composition of exosomes. Common exosomal protein with their location
including tetraspanins (CD63, -81, -9, 82), multi-vesicular body (MVB) formation proteins,
transmembrane proteins, antigen preparation proteins, enzymes (Natasha et al., 2014).

1.6.3 Exosomal RNA composition:

Recent studies have suggested that exosomes contain an array of RNAs. Their RNA content
includes miRNA, some non-coding RNA, as well as mRNA (Melo et al., 2014). The presence
of messenger RNA (MRNA) has been discovered by Valadi et al., 2007. They identified
1300 mRNA and 120 miRNA from Rat and human mast cells derived exosomes. They
further demonstrated that the mRNA was transferable from one cell to another and the
transferred mMRNA can be functional in its new location leading to the translation of the
acquired RNA (Valadi et al., 2007). Since then miRNAs from tumour derived exosomes have
been identified from ovarian cancer patients and lung adenocarcinoma patients by using
magnetic beads coated with anti-EpCam antibody. These studies enhanced the comparison of
RNA profile of control and cancer patients (Rabinowits et al., 2009; Taylor and Gercel-
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Taylor, 2008). Recently it has been reported that exosomal regulatory RNAs are functional in
their target cells. It was showed that exosomes from EBV-infected virus has successfully
transfer miRNA to an uninfected cells. Once the miRNAs are inside the target cells they were
capable of repress EBV target genes. This was demonstrated by new mouse proteins being

transiently expressed in recipient cells (Pegtel et al., 2010).

1.6.4 Biogenesis of Exosomes:

The uptake of materials from the exterior of the cells is managed by the endocytosis. The
endocytic vesicles are then delivered to late endosomes together with other proteins or
transported back to the plasma membrane (Février and Raposo, 2004). In the late endosomes,
proteins are accumulated inside the intraluminal vesicles by the inward budding of the
limiting membrane into the endosomal lumen. However, proteins are incorporated into the
invaginating membrane and maintains the symmetric properties compared to the plasma
membrane while the cytosolic materials are being submerged and enclosed into the small
vesicles (Pant et al., 2012).

The mechanisms by which proteins are sorted into the intraluminal vesicles at the endosomal
limiting membrane are not fully understood. One mechanism demonstrated where the
ubiquitinated proteins were recognised by the Endosomal Sorting Complex Required for
Transport (ESCRT). The ESCRT machinery includes four heterogenic protein complexes.
The ubiquitinated proteins were recognised and kept separated by the three ESCRT protein
complexes such as they are the ESCRT-0, | and Il. But not all the proteins in the exosomes
are ubiquitinated. So the idea of other mechanism was taken into consideration by which
proteins are sorted into the exosomes such as oligomerization or partition of proteins in the
lipid raft domain was thought to be involved (Gassart et al., 2003; Simons and Raposo,
2009). Furthermore, in a study carried on melanocytes, it was observed that the tetraspanins
CD63 was involved in an ESCRT independent mechanism and also showed the involvement
of different sorting complexes for the decider of protein secretion or degradation (van Niel et
al., 2011).

In the final step, lipid components have been implicated in the process. As mentioned before
exosomes have lipid-raft micro domains on their surface which are enriched with
sphingolipids which might concentrate the protein cargo and play a role in initiating the

secretion of exosomes (Gassart et al., 2003; Trajkovic et al., 2008).
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Taking both the methods in consideration, they are not actually opposed to each other; it
rather shows the presence of heterogeneous populations of MVEs and exosomes (Figure 1.6).
Accordingly it has been demonstrated in many studies that exosomes from different cancer
cells differ in their types but they share morphological characteristics and some stereo-typical
exosome markers such as Alix, TSG101, Hsp70 but have differences in their miRNA
composition and also they are enriched in specific marker such as CD63 (Villarroya-Beltri et
al., 2014).

After the sorting out of materials by either method, the ILVs are released in the extracellular
space by the fusion of the MVEs with the plasma membrane and from this point on these
ILVs are termed as exosomes. This transport process is dependent on several components of
the endocytic machinery such as Rab, GTPase, Rabl11l, Rab27a and Rab27b, cytoskeleton
regulatory proteins, molecular motor such as myosin and SNAREs for targeted fusion
(Ostrowski et al., 2010; Pant et al., 2012).

O Microvesicles

Early

O Endosome

~

Figure 1.6: Biogenesis and secretion of exosome. Exosomes are secreted by the fusion of the
MVEs with plasma membrane. MVEs are formed by the inclusion of late endosomes with the
Golgi such as MHC class 1l molecules or the cell surface such as growth factor receptor.
Source : (Raposo and Stoorvogel, 2013).
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1.7 Isolation of Exosomes:

Before any kind of analysis with exosomes, it needs to be purified or isolated, identified and
characterised to differentiate from other vesicles secreted by cells. There are many methods
to isolate exosomes from biological fluids or cell culture medium. The main methods
published in the literatures include differential ultracentrifugation, continuous sucrose
gradient, preparation on a 30% sucrose cushion or another dense medium, and immune-
isolation. Using polymer based isolation of exosomes by commercially available exosome
isolation kit or PEG (Polyethelyn Glycol) based isolation have recently been employed in
exosomal isolation (Helwa et al., 2017). The choice of method for exosomes isolation is
really important because the smallest components of exosomes can now be detected and
identified due to the high sensitivity of recent molecular technologies. So, isolated exosomes
with contaminating aggregates would create false interpretation. Similarly, fractionated
exosome isolation or exosomes with disrupted membrane can alter the protein or RNA
profile. So, deciding the right method for exosome isolation depending on the downstream
analysis is very crucial (Taylor and Shah, 2015). According to the International Society of
Extracellular Vesicles (ISEV), to determine the purity of exosomes, several recommendations
are made such as the morphology needs to be checked by electron microscopy as well as the
presence of exsomes. To quantify the isolation efficacy, the number of eoxomes should be
3x10' per pg of protein (Coumans et al., 2017).

1.7.1 Ultracentrifugation:

For many years, isolation of exosomes by ultracentrifugation is a traditional and most widely
used method (Witwer et al., 2013). This is the first and most common method to purify
exosomes from culture medium (CM) or biological fluids either coupled with density
gradient ultracentrifugation or alone. The size filtration can also be added in this method to
separate vesicles bigger than the expected exosome size (Peterson et al., 2015). In this
method the CM or biological fluid is subjected to increasing centrifugal forces over several
steps. Subsequent washing step is performed at the same speed as the drawbacks of this
method is it enriches exosomes and any other vesicles in the same size range with
contaminating proteins (Figure 1.7) (Théry et al., 2006). Even though isolation of exosomes
by this method was considered to be the gold standard method for several years, this method
is not capable to isolate exosomes completely based on particle size. Furthermore, due to the
high g-force extra vesicular protein aggregates, lipoproteins, other contaminants may also be
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pelleted down with the exosomes where density gradient method can be used to resolve the
issue (Caradec et al., 2014). While this may be the widely used method, the method may have
limited uses in proteomic study for biomarker research as it pellets down exosome as well as
contaminating proteins. To add to its drawbacks, this methods is very time consuming and
requires access of a ultracentrifuge with large capacity and the high g-force can also rapture
the exosomes (Peterson et al., 2015). The advantages of ultracentrifugation is that it does not
require any chemical addition (Abramowicz et al., 2016). Exosome isolation by
ultracentrifugation is considered to be the method of choice covering more than 50% of
exosome preparation (Li et al., 2017). However, carefull considerations should be taken about
the soluble proteins that aggregate with the islolated exsomes and a further washing step

should be added to avoid these protein contaminations (Coumans et al., 2017).

culture supernatantfluid
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Figure 1.7: Isolation of exosomes by step wise centrifugation. The process starts with a low
speed centrifuge to remove any dead cells and debris, then gradually speeding up to
ultracentrifuge to separate exosomes from the supernatant. The final centrifuge is in PBS to
was the exosome sample to avoid contamination of aggregating proteins (Théry et al., 2006).
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1.7.2 Density Gradient Ultracentrifugation:

Another improved method for purifying exosomes using a sucrose density gradient. This
method is based on the density gradient of exosomes and works in combination with
ultracentrifugation and sucrose density gradients or sucrose cushion to float exosomes with
low density gradient (Witwer et al., 2013). After the ultracentrifugation at 100000 x g, the
pellet of exosomes is placed in a sucrose gradient using the theory that exosomes float on a
sucrose gradient between 1.13 to 1.19 gm/ml (Witwer et al., 2013). This method helps to
remove the contaminants like protein aggregates and soluble proteins. The enriched
exosomes stay in different gradient which then can be pooled down for further analysis. The
advantage of this method is it ensures less amount of contaminating proteins and debris (Lane
et al., 2015; Théry et al., 2006). This method can be used to separate exosomes from mixture
of particles such as proteins and proteins/RNA aggregates. The optimum centrifugation time
is essential due to the risk of vesicles with similar density may still be present in the
preparation. The disadvantage of this method is the long continuous centrifugation time
(Keller et al., 2011). Factors need to be considered before applying density gradient method
includes the choice of density medium and the sample loading approach due to the different
viscosity of different biofluids (Coumans et al., 2017).

1.7.3 Size exclusion chromatography:

Size exclusion chromatography (SEC) is another method used to separate exosomes based on
their size mostly from biological fluid such as urine or blood (Taylor et al., 2002). The
method consists of a specialised column with porous polymeric beads. The polymeric beads
contain multiple pores and tunnels. The extracellular particles pass through the column based
on their diameter. Naturally the smaller particles take longer time than the larger particles due
to their smaller size they had to cover more surface area. The size exclusion chromatography
can be useful to separate nano and macro molecules from the sample based on their size. The
advantage of this method over centrifugation methods is that it is not affected by the shearing
force generated by the centrifuge which may affectively alter the structure of the particles
(Taylor et al., 2011). The risk on this method was to lose any aggregated small particles
(Thery et al., 2001; Valadi et al., 2007). According to ISEV, several factors need to assess
before SEC such as the column height, pore size, quality of column stacking. In addition, to
achieve the purest quality exosomes by SEC the fractions with the most concentrated

exosomes need to be determined carefully. Furthermore, carefull considerations should be
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given as SEC includes the risk of eluting non-EV components such as cells, cellular debris
and high molecular weight proteins. A second SEC steps using a new coulm and the seprated

fractions might remove the non-EV components (Bging et al., 2014).

1.7.4 Ultrafiltration:

Ultrafiltration method of exosome isolation is one of the size based isolation. The basic
theory behind ultrafiltration is similar to conventional filtration technique where separation of
suspended particles is carried out based on their size. So, exosomes can be isolated based on
their size using membrane filter with designated size cut off (Quintana et al., 2015). It is less
time consumable than ultracentrifugation and isolates better quality exosomes than other
methods because the amount of pressure applied in this method is less than the centrifugal
force applied in ultracentrifugation so there is less chance of disruption of exosomes (Li et
al., 2017). However, the use of force could break up the large vesicles and may end up
contaminating the exosome preparation (Batrakova and Kim, 2015). The advantages of this
method are the separation of small particles and soluble contaminants from the exosome
preparation and also the exosome preparation is concentrated during the filtration process.
However, the drawbacks of this method is that, exosomes may attach with the membrane
during filtration which (Benedikter et al., 2017) may lead to block the membrane and reduce
the life time which is leads to low exosome yield (Liga et al., 2015; Xin et al., 2012).

1.7.5 Magnetic Beads:

Affinity based methods are based on the presence of the surface proteins of exosomes, where
antibody coated magnetic beads or latex beads specific to those surface proteins were used to
enrich exosomes. This method relies on the enrichment of surface proteins, trapping them on
the magnetic beads and analyse them by flow cytometry. One example utilises magnetic
beads coated with a particular antibody against a known exosomal membrane protein. For
example when isolating exosomes from antigen-presenting cells an anti-MHC class 1l
antibody may be used. The cell culture media or biological fluid is incubated with the beads
for 24 h ensuring bead saturation. The bead exosome complexes are then thoroughly washed
leaving just the exosome coated beads which can be subsequently analysed. The advantage of
this method is that it separates exosomes from other particles based on the presence of the
surface proteins. The limitation of this method is it is very difficult to extract the exosomes

from the magnetic beads and narrows down the uses to a particular molecular signature.
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Furthermore, the method is not suitable for large volume of samples (Clayton et al., 2001;
Wubbolts et al., 2003).

1.7.6 Precipitation methods:

Another well-established method of exosome isolation is the precipitation method based on
the similar method used in viral studies to isolate virus from culture medium (Taylor and
Shah, 2015). It is a polymer based method which works by forming a network under optimal
condition such as salt concentration and low temperature. By achieving this condition the
polymer network traps the entire component in the sample medium and decreases their
solubility. The popularity of this method increased after the use of two commonly used
commercial product for exosome isolation. One of them is the ExoQuick from System
Bioscience and the other one is Total Exosome Isolation kit by Invitrogen. Other products are
also available in the market (Abramowicz et al., 2016). Instead of using commercially
available polymer solution Polyethylene Glycol of various molecular weights have been used
to isolate exosomes from culture supernatant (Rider et al., 2016). The advantages of polymer
based isolation include less effects of shearing force on the isolated exosomes and precipitate
exosomes in a neutral pH environment (Colombet et al., 2009; Inamdar et al., 2017). The
method even after being a useful method for isolation of exosomes is not free from its
drawbacks. The major drawbacks of this method are contamination of protein aggregates
which affects the purity of the isolated exosomes. Washing the pelleted exosomes with PBS
and ultracentrifuge for an hour can resolve the problem (Rider et al., 2016). The excessive
PEG that aggregates with the exosomes is another limitation of this method, which can affect
in any proteomic analysis (YAMADA et al., 2012). Several commercial products have been
developed for the PEG based isolation. Amongst them, Exo-Quick from System Bioscience
and Total Exosome lIsolation Kit from Invitrogen are the two products most commonly used.
The PEG based isolation is relatively easy and does not require any special equipment or
person. For isolation of exosomes, the PEG is often dissolved in PBS due to their isotonic
nature and also to main the neutral pH and osmolality near to normal physiology. The

concentration of PEG can vary from 30% to 50% by weight (Taylor et al., 2011).

1.7.7 Isolation of exosomes by sieving:

This method is non selective to the specificity of exosomes. Here exosome is isolated from
bio fluids using a nano membrane and passing through a nano filter either by pressure or

electrophoresis (Davies et al., 2012). The advantage of this method is it requires less times
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compared to other methods and yields high purity exosomes. The only disadvantage of this

method is the low recovery of exosomes (Sparks and Phillips, 1992).

1.8 Detection and characterisation of Exosomes:

The analysis of exosomal sub population is highly challenging due to their nano sized
characteristics and similarities between other vesicles. Even after the advances of the
molecular technologies, no single method is suitable to distinguish exosomes from other
extracellular particles. So it is very important to distinguish exosomes from other vesicles

using a combination of two or more techniques.

1.8.1 Electron Microscopy:

Due to the nano meter size range, the one of the most suitable and common way to visualise
the size and morphology of exosomes is electron microscopy (EM). Pelleted exosomes,
resuspended in small volume of buffer and fixed on a grid using any fixing chemical like
paraformaldehyde or glutaraldehyde or mixture of both, contrasted using a mixture of methyl
cellulose and a heavy metal and uranyl acetate before the analysis. Electron microscopy is
widely used to differentiate the cup-shaped exosomes from other extracellular vesicles
(Conde-Vancells et al., 2008). Both transmission (TEM) and scanning electron microscopy
(SEM) can be used to visualise exosomes. TEM is the most widely used technique due to the
high resolution images it produces while SEM produce a detail three dimensional image
which gives more precise morphological information (Pisitkun et al., 2004; Van Der Pol et
al., 2012). Another EM method is the Cryo-electron microscopy where the particles are
visualised at very low temperature, approximately -100°C or below (Conde-Vancells et al.,
2010). The advantage of this method is that the sample does not need to be fixed with any
fixing chemicals and hence produces a more detailed three dimensional images (Liu and
Wang, 2011).

1.8.2 Western Blot:

Western blot is one of the most widely used technique to characterise exosomes based on
their protein contents (Lasser et al., 2012). Several proteins were regularly found in
exosomes. Exosomes can be characterised based on the information of their protein contents
by using the classical protein separation methods such as gel electrophoresis and western
blot. Gel electrophoresis is used to compare the pattern of bands between the whole cell
lysate and the exosomes. A different band pattern indicates the purity of exosomes since it
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rules out the possibility of cell debris (Théry et al., 2006). Western blotting is also a method
of choice for the researcher to characterise exosomes, based on some particular protein
marker in exosome and compare that with the cell lysate. Exosomes are enriched in some
proteins like the tetraspanins (CD63, CD81, CD9), MHC class Il and TfR depending on cell
type (Raposo., et al., 1996; Thery et al., 1999).

1.8.3 Flow Cytometry:

Another powerful method has been used to detect exosome quantitatively based on their
protein content is flow cytometry (Théry et al., 2006). However a typical flow cytometer has
a detection limit of 200nm but as mentioned before the size of exosomes is about 150nm
therefore, the chances are exosomes would be detected as background noise (Pospichalova et
al., 2015). The use of magnetic beads has been used to detect different exosomal proteins
with the aid of fluorescently labelled specific antibodies. To achieve good detection of
exosome the sample preparation has to be pure. Methods have been developed to use beads
coated with antibodies against well-established exosomal marker proteins (Clayton et al.,
2001; Ostrowski et al., 2010). An alternative method has been developed involving the use of
high resolution flow cytometry. This method uses a combination of influx flow cytometer and
fluorescently labelled vesicles. Advantages of this method are particles less than 100nm and
heterogeneous particles can be detected with this method (Hoen et al., 2012).

1.8.4 Atomic force microscopy:

Atomic force microscopy (AFM) is another technique that has been used to detect exosome
like membrane vesicles to a level of single particle. This method can be used to understand
the structural information as well as a specific protein marker (Sharma et al., 2010). It is
another type of scanning microscopy which vyields high resolution images. Here, a
mechanical probe scans the surface of the sample without actual contact. The movement of
the probe in height, width and length are measured along with the resolution and sensitivity at
nano scale level. Due to the high resolution of the AFM, the actual morphological
characteristics of the extracellular vesicles can be visualised in their original physical state.
Antibody can also be bound to the surface of the extracellular vesicles to analyse the

biochemical properties of the vesicles (Erdbrtigger and Lannigan, 2016).
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1.8.5 Nano Particle Tracking Analysis (NTA):

A new instrument has been introduced recently to determine the size distribution and
concentration of nanoparticles called Nanosight (Dragovic et al., 2011a). It works based on
the Brownian motion that, particles in suspension move under Brownian motion and when
they scatter light their movements can be detected by technology called Nano particles
Tracking Analysis (NTA). Both size and number of exosomes can be measured by NTA
using light microscopy and a software that measures Brownian motion of the particles. The
software simultaneously records the Brownian motion of the diffuse particles and calculates
the size based on these motions (Ko et al., 2016). In this technique, the light scattering
microscopy is equipped with a CCD (Charge Couple Device) camera which allows the
visualisation and analyse the size of the suspended particles (Erdbriigger and Lannigan,
2016). Both light scattering and fluorescence methods have been extensively used to measure
size and detect molecular marker. NTA, now a days has become the method of choice and

standard for exosome research (Dragovic et al., 2011b).

1.8.6 Dynamic Light Scattering:

The basic principle of DLS is similar to NTA as it also uses Brownian motion theory to
measure the size distribution of nano particles in suspension (Palmieri et al., 2014). The
velocity distribution of particles depends on the temperature at which they are moving,
viscosity and hydrodynamic particle diameter. The smaller the particles, the faster the
Brownian motion. The movement causes the particles to scatter light which is similarly
detected and calculated by the software (Van Der Pol et al., 2010). The relative size of the
particles sizing from 10nm to 6um can be measured by this technique (Clark, 1970). The
limitation of DLS is it shows relatively accurate result for particles with mono dispersed size

but with polydispersed particles is less accurate (Filipe et al., 2010).

1.9 Functions of Exosome:

The exact functions of exosomes are still remains in doubt. Previously exosome was thought
to be the means of release of unwanted or excess or non-functional materials from the cells
(Oshikawa et al., 2016) but recent studies have shown that exosomes play a vital role in
normal and assorted physiological conditions. Mechanisms for these functions are very
complex including a set of ligands which have the ability to bind with different cell surface
receptor on the target cells stimulating a response. Cells release exosomes for transferring
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surface molecules, cytosolic contents, RNAs to other potential recipient cells (Clayton et al.,

2007, 2008). Several funtions of exosomes are described bellow.

1.9.1 Exosome on Cell to Cell Communication:

Exosomes are now a days considered to be an important part of intercellular
microenvironment and have been reported to play and integral part in cell to cell
communication. It is worth mentioning that exosomes influence the behaviour of local cells
as well as the distant cells by entering into the body fluids (Wang et al., 2017). In a study,
Valadi et al., 2007 showed that, the presence of mMRNA and miRNA in exosomes secreted by
mast cells ensures that exosomes play a part in cell to cell communication. Exosomes
secreted from these cells transfers mRNA to the recipient cells which in turns translated into
proteins. It also shows that exosomes carries genetic materials from one cell to another. Not
all the mRNA from the parent cells was transferred to exosomes which suggest that there is
targeting machinery for mRNA into exosomes. In one more study it was revealed that
exosomes released from Epstein Barr virus infected B cells containing miRNA from viral
origin could be transported to the uninfected cells into the surrounding influencing viral
miRNA targeted gene (Bang and Thum, 2012; Valadi et al., 2007). In another study it was
observed that exosomes from the intestinal epithelial cells on immune system interacted with
the immature DCs rather than B or T lymphocytes. So, it is clear that some specific receptor
interacts with exosome for a particular type of recipient cells (Mallegol et al., 2007). In
addition, there are some proteins found active in cellular signalling pathways such as like B-
catenin, Wnt 5B or the Notch ligand Delta-like 4. When it comes to cellular communication,
it has been reported that exosomes plays a novel role in mediating intercellular signalling
where they act independently but uniting with soluble growth factors (Ludwig and Giebel,
2012). The exosomal association TGF-f depends on the expression level of transmembrane
proteoglycan beta glycan which is a relevant factor in tethering TGF- to the exosomal surface
(Webber et al., 2010).

1.9.2 Exosomes in Signalling Pathways:

Proteomic studies have revealed that proteins from exosome are involved in cellular
signalling pathways (Urbanelli et al., 2013). The impact of these exosome derived proteins on
cellular signalling is not completely understood but recent studies have shed light on it,
especially when the involvement of exosome in Wnt signalling has been revealed by

proteomic investigation. Wnt which plays crucial role during embryo development and tissue
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regeneration and also cancer progression (Simpson et al., 2009). Exosomes derived from
MSCs promoted migration and proliferation of breast cancer cells by the activation of Wnt
signalling pathway (Lin et al., 2013). In another study carried out by Cai et al, exosomes were
found to elevate tumour invasion via Fas signalling which subsequently induced up
regulation of MMP8 expression in melanoma cells (Cai et al., 2012). Similar tumour
progression was also observed in Gastric cells, where exosomes from gastric cells up
regulated the expression of Akt and ERK signalling pathways to enhance the growth and
proliferation of tumour cells (Qu et al., 2009).

1.9.3 Exosomes on Immune Response:

There are several reports have been found regarding the involvement of exosome in the
immune systems (Bobrie et al., 2011; Chaput and Théry, 2011). The first report regarding the
active involvement was of the direct presentation of antigens by exosomes to T-cells. It
demonstrated that multivesicular MHC class Il-enriched compartments (MIIC) of B cells are
exocytic. When the MIICs fused with the plasma membrane they released exosomes into the
culture media. The MHC class Il molecules on the surface of these exosomes were
recognisable by helper T lymphocytes (CD4+ T cells). The interaction of these exosomes
with CD4+ T cells stimulated T cell proliferation in a peptide specific, MHC restricted
manner (Raposo et al., 1996). It is thought that exosomes from antigen presenting cells
(APC) like B cells and particularly dendritic cells may function as carriers of MHC class 1l
complexes for amplifying the immune response. There is also evidence that tumour exosomes
may in fact exhibit immune evasive functions. Tumour exosomes have been shown to
selectively impair lymphocyte responses to interleukin-2 (IL-2). Strong inhibition of IL-2-
driven lymphocyte proliferation has been observed in the presence of tumour exosomes. The
lymphocyte subsets were also examined individually showing the main anti-proliferative
effect was through CD4+ T-cells implicating an influence on regulatory T cells. In fact
exosomes can support inducible T regulatory cells (T-reg), defined by FOXp3 expression,

and enhance their suppressive functions (Clayton et al., 2007).

1.9.4 Exosomes in Elimination of Molecules:

Exosomes have been reported to take part in the elimination of unnecessary molecules from
the cells. Studies suggested that exosome have been used by the cell to eliminate TfR during
reticulocyte maturation into erythrocytes (Johnstone et al., 1989). Not only Tfr, exosomes
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from overian carcinoma cells have also been reported to dispose the cytotoxic drugs such as

the release of the DNA binding anti-cancer drug doxorubicin (lero et al., 2008).

Further study showed that, exosomes secreted from B cells can induce immune response
(Raposo et al., 1996) and exosomes from B lymphocytes could be targeted to the surface
follicular dendritic cells in germinal centre in the tonsil to transfer MHC class Il to chase
class Il negative cells (Denzer, van Eijk, et al., 2000).

1.9.5 Role of Exosomes on Cancer Progression:

Cancer retain their originality by continuous interaction between surroundings and monitored
by complex signalling and constant mobilization of biological components across membranes
of surrounding cells (Quail and Joyce, 2013b). Tumour cells continuously release exosomes
in the peripheral fluid or other biological fluids and play a vital role in the tumour micro-
environment (TME). Researchers are trying to explain the role of exosomes mediated
signalling pathways to promote TME. Exosomes can alter the systemic environment to assist
cancer growth and control the immune system to escape the anti-tumour response (Kahlert
and Kalluri, 2013). Exosomes from neoplastic cells contain a vast group of oncogenic
molecules including proteins and microRNAs that could pass the phenotype transforming
signals to normal cells which leads to tumour progression and metastasis (Valadi et al.,
2007). Evidence was found of the communication of cancer cells and mesenchymal stem
cells (MCSc) and in the transformation or recruitment of MCSs to tumour sites and this
neoplastic reprogramming was conducted by exosomal trafficking of oncogenic microRNAs
(miR-125b, miR-130b and miR-155), K-ras and H-ras mRNAs and also oncoproteins, such as
Ras superfamily of GTPases Rabla, Rablb, and Rablla. The reformed MSCs thus undergo
mesenchymal to epithelial transition shows neoplastic and vasculogenic effect and also
express epithelial markers similar to the molecular combinations of prostate cancer in vivo
(Saleem and Abdel-Mageed, 2015). Similar changes have been reported where breast and
ovarian cancer cell exosomes changes the functional properties of tumour associated myco
fibroblast. In study it was shown that the transformed myco-fibroblast from MSCs showed
enriched expression of a-SMA and tumour promoting factors such as SDF-1, VEGF, CCL5
and TGFB when treated with exosomes derived from breast cancer and also from ovarian

cancer cells (Cho et al., 2011, 2012).
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1.9.6 Role of Exosomes on Cancer Biomarker Discovery:

The dynamic and emerging role of exosomal involvement in cancer progression, metastasis,
angiogenesis, extracellular matrix remodelling, immune evasion, chemo resistance and in the
preparation of premetastatic niche has been the centre of exosomal research in the recent
years (EL Andaloussi et al., 2013). The ability of exosomes to exchange information between
surrounding cells, communicate with cells at distal sites to induce cellular responses for
tumorigenesis make them a key element in biomarker discovery for early detection and
therapy of cancer (Munson and Shukla, 2015). In broad scenario, there are two basic reasons
for the wide acceptance of exosomes as a biomarker tool. Firstly, sustainable and mounting
evidence has proven that tumour derived exosomes contain protein and nucleic acids that can
be used as diagnostic tools for cancer and secondly exosomes can easily be isolated from

biological sample such as blood, urine, milk and saliva (Lin et al., 2015).

Now a days finding new biomarkers from the body fluids is a challenge since the high
abundance of proteins make up about 97% of the total proteins and they hinder the presence
of low abundance proteins which are generally most promising candidates for biomarker
discovery (Duijvesz et al., 2013). As mentioned earlier, exosomes are an extra ordinary group
of vesicles containing diverse types of proteins including some common ones and some are
cell specific released depending on the cellular functions and conditions, which emerged as
next generation biomarkers (lraci et al.,, 2016). For instance, in a proteomic study
demonstrated that the tetraspanin protein CD63, one of the most common exosomal marker
protein and a member of the family of scaffolding proteins, has a higher level of expression
in different types of tumour cell derived exosomes compared to their counterpart exosome
from non-malignant cells which signifies CD63 as a potential biomarker for cancer
(Yoshioka et al., 2013b). Since exosome represents the sub-proteome of the whole cell, it
gives an advantage on identifying those low abundance proteins specially membrane proteins.
Exosomes are also rich in tumour associated antigens which can reflects the stress situation of
the parent cells (Clayton and Mason, 2009; Yang and Robbins, 2011).

1.9.7 Exosomes in therapeutic drug delivery:

Recently exosomes have been exploited as a drug delivery system for various diseases (Ha et
al., 2016). The reason for their acceptance as a drug delivery vehicles include the nano size
morphology, stability and availability in biological systems along with their ability to pass the
blood brain barrier (BBB) if necessary (Yang, Martin, et al., 2015). Their ability to travel to
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distance cells though both physiological and pathological conditions make them a better
choice over the conventional nano carrier based drug delivery (Jiang and Gao, 2017).
Furthermore, the presence of the hydrophilic core in exosomes are suitable to load soluble
drugs to be delivered (Yousefpour and Chilkoti, 2014). In addition, the patients can be used
as the source for the exosomes to be used as carrier. The exosomes can be isolated from the
patients and then engineered with the drug in vitro and transferred back to the patients
(Wahlgren et al., 2012). However, even with the enormous potential of exosomes as drug
delivery system, still there some limitations that need to addressed. For instance, the
mechanism by which exosomes cross the BBB is still not fully understood which limits the
targeting of tissue specific peptides. Moreover, the complete proteomic study of exosome is
yet to be established, which is very crucial to characterise exosome for any endogenous
proteins which might lead any adverse effects (Lakhal and Wood, 2011). Finally, the current
protocols for purification of exosomes do not yield pure exosomes rather the final products
are always a heterogeneous mixture which hampers the clinical translation of exosomes as
drug delivery vehicles. So, although exosomes has a huge prospects as a drug delivery
vehicle, the better understanding of the biology, function of exosomes as well as a complete
workflow of exosome as a drug delivery system from purification to loading the drug is yet to
be need to be established (Alvarez-Erviti et al., 2011).

1.9.8 Proteomic Analysis of Exosomes:

The use of proteomics technologies to examine the proteome of exosomes may offer a portal
to distinguish potential biomarkers for cancer and different kinds of diseases. It might
likewise offer bits of knowledge about exosome biogenesis and functionality. In recent years
there has been expanding interest for the exosome proteome and its potential as a biomarker
source. Up until the recent years proteomic analysis of exosomes has been depended on two-
dimensional electrophoresis (2DE) and western blotting (WB). The depth of scope of these
systems is confined to the all the more abundant proteins which restricts the information that
can be gathered (Rabilloud and Lelong, 2011). Significant improvement has been achieved
over the last few years in all sectors of proteomics from sample preparations to data
analysing, from hardware to software (Cox and Mann, 2007; Domon and Aebersold, 2006).
Furthermore, the advances in the isolation and purification of exosomes together with the
improvements of mass spectrometry instrumentation with more accuracy in sensitivity and
mass calculation have enabled a vast improvement on the proteomic composition of

exosomes (Thomas et al., 2013). These improvements have led to a substantial number of
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identified proteins from exosomes (Théry et al., 2009). Proteomic studies have been used to
characterise exosomes derived from urine (Gonzales et al., 2009), blood (Caby et al., 2005),
saliva (Gonzalez-Begne et al., 2009), pleural effusion (Andre et al., 2002) and breast milk
(Admyre et al., 2007). Now a days there is also a database for exosomal proteome called
ExoCarta (http://www.exocarta.org/) which allows the researcher who works with exosomes

to compare their data with the data stored there (Mathivanan and Simpson, 2009).
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1.10 Aims and Objectives:

The aim of this study is to investigate the potentials of exosomes as source of biomarkers of
cancer in general and lung cancer in particular. To achieve this, exosomes from three
difference cancer cell lines: a lung cancer cell line (H358), a breast cancer cell line (MCF7)
and leukaemia cell line (THP1) as well as a normal lung cell line (HBTE); were isolated and
their protein content analysed. In order to establish whether exosomes are a suitable source of
biomarkers the presence of cancer-specific protein was established following the below steps:

e Optimisation of exosome isolation method for proteomic study to minimise the time
and cost.

e Exosomes isolation from four different cell lines including lung cancer cell line H358,
leukemic cell line THP1 and breast cancer cell line MCF7....

e Characterization of exosomes via detection of size by TEM, SEM and DLS as well as
presence of marker proteins (CD63, CD81, CD9 and Hsp70) by western blot analysis.

e Investigation of Exosome release dynamic during cellular growth.

e Comparative proteomic analysis of three cancer cell lines.

e ldentification of lung cancer specific biomarker by comparative proteomic study of
exosomes from lung cancer cell line H358 and its normal counterpart HBTE.

e Gene expression analysis selected proteins from H358 and HBTE cell to confirm the

suitability of lung cancer biomarker.
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Chapter 2:
General methods and materials

2.1 Method and Materials:

All general reagents, unless otherwise stated were molecular biology grade. All water used in
this project were pure deionised water (18.2mQ) purified by Purite water dispenser. All

wastage was disposed after autoclave.

2.2 Cell Culture:
2.2.1 Culture of Human Cell Lines:

Three cancer cell lines were used in all experiments. They are H358 (non-small cell lung
cancer) purchased from ATCC (CRL-5807), THP1 (acute monocytic leukaemia) and MCF7
(breast cancer) were obtained from University of Greenwich. All cells were maintained at
37°C in 5% CO,. For H358 and THP1 cell lines RPMI-1640 from Fisher Scientific UK and
for MCF7, DEMEM also from Fisher Scientific UK were used with the addition of 10% FBS
(Foetal Bovine Serum) and 1% antibiotic-antimytotic (100X) from Fisher Scientific UK
(10,000ug/ml of Streptomycin, 25ug/ml of Amphotericin B, and 10,000 units/ml of
Penicillin). Among the three cell lines, H358 and MCF7 are adherent cells and THP1 is
suspension cell. Cell culture was carried out in a laminar air flow hood with UV sterilisation
system. Culture media were kept in 37°C to equilibrate with the cell culture flask. Cells were
grown in T75, T25 flasks and 6 well plates depending on the experiments. The culture
medium was changed with serum free conditioned cell culture medium (CCM) for all cells
after they reached 80-90% confluency and incubated as required for exosome isolation.

2.2.2 Adherent Cell Culture:

Both the cells were sub-cultured after 80-90% confluency. The flask was then rinsed out with
equal volume of PBS to ensure the removal of any residual media. Depending on the size of
the flask, 1-2ml of Trypsin EDTA solution (TrypLE™ Express from Fisher Scientific UK)
was added to the flask and incubated at 37°C for approximately 5-7 minutes, until all of the
cells were detached from the inside surface of the flask, monitored by microscopic
observation. After that an equal volume of complete media was added to the flask to

deactivate the enzymatic activity of the trypsin solution. The cell suspension was removed

36


https://www.lgcstandards-atcc.org/Search_Results.aspx?searchTerms=acute%20monocytic%20leukemia

from the flask and placed in a sterile centrifuge tube and centrifuged at 500g for 5 minutes.
The supernatant was then discarded from the centrifuge tube and the pellet was resuspended
gently in complete medium. A cell count was performed using Haemocytometer and an
aliquot of cells was used to seed a flask at the required density. All cell waste exposed to cells

was autoclaved before disposal.

2.2.3 Suspension Cell Culture:

THP1 was sub-cultured in a ratio of 1:3 and when it reaches 80-90% confluency, like
adherent cells. Unlike adherent cells, suspension cell floats in the medium so after removing
the spent medium from the flasks, it was centrifuged at 500g for Smin at room temperature.
Then the spent medium was kept separately for exosome isolation and the pellet of cells were
resuspended in new fresh medium. The cells were then counted in the same way as described

before and an aliquot was used to seed the flask at required density.

2.2.4 Assessment of Cell Number, Viability and Growth Curve:

Prior to cell counts, cells were prepared for sub-culturing as detailed in 2.1.3 or 2.1.4
depending on adherent or floating aggregates. An aliquot of the cell suspension was then
added with equal volume of trypan blue (Gibco, 525). The mixture was incubated for 3
minutes at room temperature. An aliquot (10ul) was then applied to the chamber of a glass
coverslip-enclosed Haemocytometer. Four squares in four sides along with the centre square
were counted to determine the total cell number per ml. The average of five grids were
multiplied by a factor of 10* volume of the grid and the relevant dilution factor to determine
the average cell number per ml in the original cell suspension. Non-viable cells stained blue,
while viable cells excluded the trypan blue dye as their membrane remained intact and

unstained. On this basis, percentage viability could be calculated.

2.2.5 Cryopreservation of Cells:

Cells for cryopreservation were harvested from the log phase of growth and counted as
described before. Cell pellets were resuspended in a suitable volume of complete culture
medium supplemented with 10% DMSO. The cell suspension was then aliquoted in 1 ml
volumes containing one million cells to cryo-vials (Nalgene Cryoware Cryogenic Vials) and
kept in -20°C overnight followed by incubation in -80°C. On the next day vials were
transferred to the liquid nitrogen phase for long term storage (- 196°C) and some were kept in

-80°C freezer for short time use.
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2.2.6 Thawing of Cryopreserved Cells:

A volume of 9.0ml of fresh growth medium was added to a sterile universal tube. The
cryopreserved cells were removed from the liquid nitrogen and thawed at 37°C quickly. The
cells were removed from the vials and transferred to the aliquoted media. The resulting cell
suspension was centrifuged at 350g for 5 minutes. The supernatant was removed and the
pellet was resuspended in fresh culture medium. An assessment of cell viability on thawing
was then carried out. Thawed cells were then added to an appropriately sized tissue culture
flask with a suitable volume of growth medium and allowed to attach overnight. The

following day, flasks were re-fed with fresh media to remove any non-viable cells.

2.3 Isolation of Exosomes:

Exosomes were isolated by two different methods including ultracentrifugation and
precipitation method. Centrifugation steps were performed using Mikro 200R for the lower
speed centrifugation and Sorval Discovery 150 Micro-ultracentrifuge for the
ultracentrifugation. For precipitation method, either commercially available exosomes
isolation reagent or in house polyethylene (PEG) solution was used. In all methods, the
supernatant collected from the cell culture step was centrifuged at 2000g for 30mins at room
temperature to remove all the dead cells and debris. Then the supernatant was passed through
a 0.22um sterile membrane filter and passed to a new tube. The supernatant was then
subjected to either ultracentrifugation or precipitation steps.

2.4 Protein extraction from Cell and Exosomes:

For protein extraction from cells or exosomes, RIPA (Radio immunoprecipitation assay) lysis
buffer was used. The cell pellet was incubated on ice with 1ml of RIPA buffer ( 50mM Tris
pH 7.4, 1% NP-40, 0.5% Na-deoxycholate, 0.1% SDS, 150mM NacCl, and 2mM EDTA) with
1mM of PMSF (phenylmethylsulfonyl fluoride) for 30 minutes with occasional vortex for 30
sec every 10 minutes. Then the cell lysate was centrifuge at 14000g on a bench top centrifuge
(Hettich Mikro 200R) for 30 minutes to remove dead cells and cellular debris. The exosome
pellet obtained from the isolation step was also subjected to RIPA lysis buffer and followed
the same protocol except samples were sonicated at 4°C for 10s every 10min interval and
centrifuged as before. Then both cellular lysate and exosomal lysate were transferred to a
new Eppendorf tube. Both the cellular proteins and the exosomal proteins were subjected to a

Bradford assay for protein quantification.
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2.5 Determination of Protein Concentration (Bradford Assay):

Protein concentration was determined by using the Bio-Rad protein assay kit (Bio-Rad,
Quick Start™ Protein Assay Kit) following the manufacturer’s instructions. A 1mg/ml bovine
serum albumin (BSA) solution (Sigma, A9543) was prepared freshly in dH,O. A protein
standard curve (0, 20, 40, 60, 80 and 100ug/ml) was prepared (Figure: 6) from the BSA stock
with dilutions made in lysis buffer. The Bio-Rad reagent was diluted 1:5 in UHP (Ultra high
pressure) water. A 20ul volume of protein standard dilution or sample (diluted 1:10) was
added to 980 ul of diluted dye reagent and the mixture was vortexed. All samples were
assayed in triplicate. After 5 minutes incubation, 300ul of the solution was taken into a 96
well plate and the absorbance was assessed at 595nm using a Spectra Max M5 multi-scanner.
The concentration of the protein samples was determined from the plot of the absorbance at

595nm versus the concentration of the protein standard.

2.6 Statistical analysis:

Statistical analyses were carried out using Microsoft Excel 2010 to define the significant
differences or similarities between samples. Student t-test was used to evaluate the statistical
differences and any statistical significance was determined by p<0.05 as significant, p<0.01
highly significant and p>0.05 not significant.

2.7 Software used:

Several softwares were used in this study for different purpose. To analyse the 1D gel,
CLIQS gele analysis software were used (http://totallab.com/home/cligs/). Scaffold sotware
(http://www.proteomesoftware.com/products/scaffold/) was used for the gene ontology
analysis after protein identification. Online based softare STRING (Search Tool for the
Retrieval of Interacting Genes/Proteins) version 10.5 (www.string-db.org) was used for the
protein network and pathway analysis. To generate the heat map, a free version of RStudio
(https://www.rstudio.com/) was used. All the images were processed with image processing

softwere ImageJ (https://imagej.nih.gov/ij/download.html).
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Chapter 3:

Identification and characterisation of exosomes derived

from three different types of cancer cells:

3.1 Introduction:

Cells from prokaryotes to eukaryotes release several types membrane elcolsed vesicles in
their microenvironment to maintain the biological process (Yafiez-Mo et al., 2015). In 1987
Johnstone et al termed these vesicles as exosomes when they isolated exosomes from culture
supernatant of reticulocytes (Johnstone et al., 1987). In 1996, Raposo et al also used the term
exosome and gave a modified definition as nano-sized vesicle which was isolated from B
cells (Raposo et al., 1996). After that, exosome gained much interest for the first time when it
was observed that exosomes participated in the T-cell responses (Théry et al., 2002).
Recently, exosomes gained much interest in cancer research due to their ability to carry
genetic material across neighbouring cells, their stability in biological fluids and their
acceptance to the host cells because of their composition which is similar to their originated
cells (Edgar et al., 2016).

The goals of this chapter are to optimise the method to isolate exosomes from cell culture
media and characterise exosomes, to optimise precipitation based method using polyethelyne
glycol (PEG) with different molecular weight at different concentrations and compare the
optimied method with ultracentrifugation and commercial exosome isolation kit. The best
polyethelyne glycol with the best concentration will subsequently be used in this project for
further exosome analysis. The PEG based exosome isolation method was optimised due to
the excessive cost of the commercially available exosome isolation kit and unavailability of

lagrge scale exosome isolation equipments by ultracentrifuge method.

3.1.1 Exosomes:

Exosomes are extracellular vesicles released by almost all type of cells including B-cells
(Johnstone et al., 1987), dendritic cells (Denzer, Kleijmeer, et al., 2000), macrophages
(Nguyen and Hildreth, 2000), mast cells (Skokos et al., 2001), T-cells (Blanchard et al.,
2002), epithelial cells (Karlsson et al., 2001). Exosomes are not the only extracellular vesicles

released by the cell, there are other vesicles released into the body fluids which differ in
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structure, size, biogenesis and composition. These vesicles are ectosomes, micro vesicles,
prostasomes (Aalberts et al., 2014; Ciardiello et al., 2016; Yafiez-M¢ et al., 2015).

3.1.2 Ectosomes:

Ectosomes, also known as micro particles (MP) are released from a cell by exocytic budding
of the plasma membrane and typically larger than exosomes (100 to 1000 nm in size) and
shed by cells in vitro and in vivo (Ciardiello et al., 2016). They are defined as lacking a
nucleus, containing a membrane cytoskeleton, containing variable amounts of surface
phosphatidylserine, and can be pro- or anti-coagulant. They are released under various stimuli
such as shear stress, activation, or pro-apoptotic stimulation. MPs may be involved in
numerous processes including vascular function, tumour metastasis and angiogenesis
(Nomura et al., 2008). The term MPs has also been used to describe membrane vesicles
purified from urine. However, these membrane vesicles may also include exosomes (Smalley
et al., 2008). Apart from the size differences, the basic differences between exosomes and
ectosomes are in their biogenesis and marker specificity. Exosomes are produced by the
inward budding of the plasma membrane, while ectosome production occurs during the
outward budding of the plasma membrane. Biogenesis of exosome is much slower than
ectosomes. Several reports have also suggested that, the exosome marker proteins CD63 and
CD61 were present in exosomes only. However, two other proteins, TyA and Cla are

considered as ectosomal protein markers (Meldolesi, 2016).

3.1.3 Prostasomes:

Prostasomes (aposomes or seminosomes) are 50-500 nm vesicles secreted from the apical
region of prostatic luminal epithelial cells (Luchter-Wasylewska and Wasylewski, 2007).
Prostasomes are enveloped in a storage vesicle and are released into the seminal fluid by
diacytosis or exocytosis (Stewart et al., 2004). Diacytosis is a mechanism by which the
storage vesicles tear a repairable hole in the plasma membrane to release the prostasomes
(Simpson et al., 2008). Prostasomes have high cholesterol to phospholipid ratio as well as
high sphingomyelin and monounsaturated fatty acid content, giving the membrane a highly
ordered structure (Luchter-Wasylewska and Wasylewski, 2007).

3.1.4 ldentification of exosomes:

Because of the varieties of vesicles secreted by the cells, it is crucial to identify and

characterise exosomes prior to any investigation. Otherwise, there is always a risk of carrying
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contamination of unexpected particles in any exosome research (Théry et al., 2006). There
are several reports, suggesting that the size of exosomes varies according to the cell of origin
for example, the size of exosomes derived from T cell was found less than 50nm (Muller et
al., 2016), exosomes derived four different types of B- cell was found to have a size
distribution of approximately 100nm (Oksvold et al., 2014), dendritic cells showed a size
distribution of 40-90nm (Théry et al., 1999). In general, the size distribution of exosomes
were reported in several reports between 30-150nm (Li et al., 2014). Exosomes are found in
various body fluids including, plasma, urine, saliva, cerebral spinal fluid, breast milk and act

as a vital tool for cellular communication (Keller et al., 2011).

In this chapter, all three cell lines were established and exosomes were isolated initially by
using Total exosome isolation kit (TEI). The exosomes were identified by electron
microscopy, both scanning and transmission. Then western blot and DLS analysis were used
to characterise exosomes. Due to the cost of the exosome isolation kit, alternative exosome
isolation methods were optimised by using TEM, DLS and measuring the protein

concentration. The idea was to isolate large quantities of exosomes for proteomic study.

There are several methods have been established to isolate, detect and characterise exosomes
from various body fluids. In this chapter, exosomes were isolated from conditioned cell
culture medium by two different methods, number one, differential ultra-centrifugation and
Polyethylene glycol (PEG) precipitation. For PEG precipitation method, a commercial
exosome isolation kit from Fisher UK and an in house PEG polymer was made as an
alternative to the commercial product which is very expensive. The isolated exosomes were
then visualised by using electron microscopy. The western blot analysis was carried out to
characterise exosomes by using exosomal protein markers, the size distribution was analysed
by using dynamic light scattering and finally a one dimensional gel electrophoresis was

carried out to visualise the pattern of protein bands between cell and exosomes.
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3.2 Methods and Materials:

3.2.1 Cell Culture and Isolation of Exosomes:

For exosome isolation and characterisation, 2.5x10° cells were seeded in a T75 culture flask
with fresh culture medium. After reaching confluency the spent culture medium was
discarded and the cells were washed with PBS (Phosphate Buffer Saline). CCM
supplemented with 1% antibiotic-antimytotic was added to the culture flask and incubated for
24hrs in 5% CO, humidified incubator. The supernatant was then collected and subjected to

exosome isolation.

3.2.2 Isolation of Exosome by Ultracentrifugation:

Isolation of exosomes by ultra-centrifugation method involves variable low speeds (2000xg
to 10,000xg) centrifugation to remove all dead cells and cellular debris, then centrifuge at
high speed to pallet the exosomes as previously described in Thery et al., 2006 with the
filtration of supernatant described in chapter 2.3. After the filtration, the supernatant was then
centrifuged at 10,000xg for 30mins at 4°C to remove any remaining large particles. The
pellet was discarded and the collected supernatant was subjected to ultracentrifuge at
100,000xg for 70 mins at 4°C to pellet the exosomes. The exosome pellet was resuspended in
PBS and centrifuged again at 100,000xg for one hour at 4°C again to remove all the
contaminating proteins. The pelleted exosomes were resuspended in PBS or buffer of choice

depending on the experiments.

3.2.3 Isolation of Exosome with Exosome Isolation Kit:

Exosomes from three cancer cells used were isolated using the Total Exosome Isolation Kit
by Fisher Scientific following the manufacturer’s protocol with slight modification of
filtration described in chapter 2.3. Half the volume of exosome isolation reagent was added to
the supernatant and vortexed briefly for 10sec and incubated overnight at 4°C. On the next
day all tubes were centrifuged at 10,000g on 4°C. The supernatant was then discarded leaving
the exosome pellet on the bottom of the centrifuged tube. The pelleted samples were
resuspended in appropriate amount of PBS or protein lysis buffer depending on the

experiment.

43



3.2.4 Isolation of Exosome with PEG Solution:

For PEG based exosome isolation, exosomes were isolated from cell culture supernatant
using a PEG solution following the method as descried in Rider et al., 2016 with slight
modification added from Weng et al., 2016. To compare the best fit PEG solution, 10%, 20%,
30% and 40% (w/v). PEG solution was made by using of PEG Mw 4000Da, 6000Da and
8000Da with 50ml sterile deionized water (Rider et al., 2016; Weng et al., 2016). The
solution was vortexed for 10mins and then sonicated at 4°C until a clear solution was
achieved. The supernatant resulting from the filtration step was then mixed with the 0.5
volume of each PEG solutions and vortexed for 15sec to mix the PEG with the culture
supernatant and incubated overnight at 4°C. The supernatant was then centrifuged at
10,000xg for lhour in 4°C in Mikro 200R centrifuge. The exosome pellet was then

resuspended in either PBS or RIPA buffer depending on the experiments.

3.2.5 Electron Microscopy:

Exosome from all three cell lines were visualized by scanning electron microscopy (SEM)
and transmission electron microscopy (TEM) by following a modified version of the method
used by Thery et al,. 2006 and Sokolova et al., 2011. First the formvar coated electron
microscopy grid was placed on a piece of parafilm. Then 50ul of exosomes in PBS was
placed on top of the EM grid and allowed to settle down for 30-45 minutes at room
temperature. After that the excess PBS was sucked out by a filter paper. Then 20ul of 2.5%
glutaraldehyde was added to the EM grid and left at room temperature for 20 minutes. After
20 minutes the glutaraldehyde was taken out by filter paper. The EM grid was wash three
times with cold PBS, each time for 15 minutes and after every wash the PBS was removed by
filter paper. The EM grid was then subjected to a series of dehydration steps with gradient
percentage (30%, 40%, 50%, 60%, 70%, 90% and 100%) of ethanol, for 15 minutes each
time. The excess ethanol was sucked out by filter paper. After that 20ul of HMDS
(Hexamethyldisilazane) solution and incubated for 15min. Then the grid was left to dry
overnight at room temperature (Sokolova et al., 2011; Théry et al., 2006). The next day all
the grids were subjected to electron microscopy. All the samples were then visualised within

50K to 100K magnifications using a Hitachi SU-8030 electron microscopy.
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3.2.6 Dynamic Light Scattering and Zeta Potential:

To determine the size of the exosome, dynamic light scattering was performed using
Zetasizer Nano ZS system (Malvern Instruments, Malvern, U.K.). The dynamic light
scattering uses the velocity distribution of particles movement by analysing the fluctuations
of light intensity exerted by the particles at a fixed angle of 173° caused by the Brownian
motion. The particles are assessed at the perpendicular angle of the light source at that
moment resulting in the particles hydrodynamic radius (Rh) or diameter calculated with the
aid of the Stokes—Einstein equation (Kesimer and Gupta, 2015). Exosome pellet previously
re-suspended in PBS was diluted in 1:1000 ratios with PBS, filtered through 0.22um filter,

sonicated for 5 min just before the measurement was taken. All samples were done in
triplicates. The parameter was set as density gradient of exosome 1.13-1.19g/ml, the viscosity

was set as 0.89 and the temperature was kept constant at 25°C. All the samples were
sonicated for 5min prior to measurement. All samples were performed in triplicate. The size
was expressed as diameter (d.nm) and was recorded by the Malvern Zetesiser software. With
the same parameters and protocol, zeta potential of the exosomes were analysed to check the
charge of the nano sized vesicles. Zeta potential was measured to determine the charge of the
particles present in the samples. Exosomes are negatively charged due to the presence of
negatively charged phospholipid membrane, therefore, any negative values in the zeta

potential confirms the presence of exosomes (Sokolova et al., 2011).

3.2.7 Determination of Exosomal Protein Concentration:

The exosomal protein was extracted with RIPA buffer following the same method for cell
lysate as described in general methods and materials in section 2.4 in chapter 2. To compare
the protein concentration achieved from three methods of exosome isolation, a Bradford
assay was performed in a 96 well plate and the absorbance was measured with multi-scanner

SpectraMax Mb5at a wavelength of 595nm.

3.2.8 Protein Separation by one dimensional gel Electrophoresis:

One dimensional gel electrophoresis was performed to separate the proteins from exosomes
released by the cancer cells by their molecular weight. This was done to analyse the protein
patterns of exosome. The electrophoresis gel (12%-4%) was made using the method
described by Thery at el. 2006 in the study of exosomes and cellular proteins (Théry et al.,
2006). A separating gel ( 3.4ml dH,0, 2.4ml of 30% poly acrylamide,2ml of 1.5M Tris-HCI
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pH 8.8, 100ul of 10% SDS, 100ul of 10% APS and 10 ul of TEMED) was pour into the gel
cassette (Bio-Rad) assembled by the Bio-Rad frame and gel cassette holder. The gel was then
allowed to solidify for 15-20mins. Once the gel was solidified the stacking gel (3.1ml of
dH,0, 0.5ml of 30% poly acrylamide, 1.25 ml of 0.5M Tris-HCI pH 6.8, 50ul of 10% SDS,
50ul of 10% APS and 5ul of TEMED) was pour on top of the separating gel and a 10lane
comb was added. The gel was then allowed to solidify for 30mins. Samples were prepared by
mixing 25ug of protein from each sample with 10pl of sample buffer (0.5 M Tris pH 6.8,
25% Glycerol, 1% SDS, Bromophenol blue). All the samples were heated at 95°C for 10 min
in DIGI-BLOCKTM heating block to denature the disulfied bonds. The gel was placed in a
Bio-Rad mini gel tank and both the upper and lower chamber was filled with SDS-running
buffer (14.4gm glycine, 3.03gm Tris Base and 1.0gm of SDS and made up to 1L). in each
well 20ul of each sample was then added along with a molecular weight ladder (Precision
Plus Protein™ Standards, Invitrogen). The gel run was performed at a constant voltage of
200V and 100mA current for 1 hour. Once the gel run was completed the gel was separated
immediately and washed with dH,O for 10mins with gentle shaking to remove all the residual

SDS. After that the gel was subjected to fixing and development.

3.2.9 Developing the Gel:

Developing the gel involves three steps including fixing the gel, staining and developing or
detaining the gel. When the gel run was complete, the gel was washed with deionized water
for 10mins to remove any residual SDS. Then the gel was fixed with the fixing solution (50%
ethanol in deionized water with 10% acetic acid) for 20mins. Then the gel was poured into
the staining solution (0.1% (w/v) Coomassie blue R350, 20% (v/v) methanol, and 10% (v/v)
acetic acid) and heated in a microwave for 1min. The gel was then incubated at room
temperature with gentle shaking for one hour. After that the gel was destained with (30%
methanol in deionized water with 10% acetic acid) until the bands were visible with clear
background. The developed gel was analysed with gel analysing software. The gel was stored

at storage solution of 5% acetic acid in deionized water.

3.2.10 Western Blot:

Exosome pellet from all three cells were re-suspended in 50pl of RIPA buffer and protein
was extracted as described in section 2.4 in chapter 2. To run the gel for western blot, 20ug of
protein was diluted with 10ul laemmli sample buffer and the gel was run by Bio-Rad mini gel
system. Gel was run at a constant voltage of 200V and current of 100mA for 1.5 hours.
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Immediately after the run the gel was separated from the cassette and washed with towbin
buffer and the protein was transferred on a nitrocellulose membrane using Bio-Rad protein
transfer system at 200V and 100mA for 2 hours. The protein transfer was carried out using
towbin transfer buffer. After the transfer the membrane was briefly stained with Ponceau S
solution and wash three times using Tris Buffer Saline (TBS), each time for 5 minutes. Then
the membrane was blocked for one hour at 37° C with gentle shaking using 5% non-fat dry
milk in TBS solution containing 0.1% Tween 20. Then the membrane was incubated
overnight with primary antibodies specific for exosomes, CD63, CD81, CD9, Hsp70 (System
Bioscience). The primary antibody was diluted to 1:1000 with blocking buffer. After that the
primary antibody solution was discarded and the membrane was washed three times with
TBS, each time for 5 minutes. After the final wash the membrane was incubated at room
temperature for one hour with secondary antibody horseradish peroxide (HRP) diluted to
1:20000 with blocking buffer. The membrane was washed again for three times, each time 5
minutes. After washing the membrane was exposed to X-ray film with Pierce ECL Western
Blotting Substrate. From this point on everything was done under dark condition using red
light. The film was then placed in a film cassette and hold for 1min, 10min and 1 hour to
optimise the exposure of the protein to the film.
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3.3 Results:

3.3.1 Analysis of Exosomes by Electron Microscopy:

Since exosomes are nano sized particles, the best way to visualise them is electron
microscopy (Peterson et al., 2015). In this study both scanning (SEM) and transmission
(TEM) electron microscopy were used to examine the morphology and size of exosomes
released from the three chosen cancer cell lines. Formvar coated grid was chosen as a suitable
way to analyse exosome samples on both SEM and TEM due to their different working
conditions. SEM was used to visualise the 3D structure of the exosomes and TEM was used
to measure the size distribution of the exosomes in the preparations. In figure 3.1-3.3 (A, B,
C, D, E and F) electron microscopic images from SEM as well as TEM represent round cup
shaped like vesicles with heterogeneous size distribution (n= 100) with highest three being
144nm, 170nm and 146 nm for THP1, H358 and MCF7 respectively. The images of the
electron microscopy were taken with 50K to 100K magnifications. The average size of the
vesicles from H358 was 128.06+17.74nm while the average size resulted from THP1 and
MCF7 derived vesicles were 111.52+13.95nm and 88.39+19.53nm respectively. It is clear
that these vesicles demonstrate a heterogeneous size distribution indicating a non-uniform

morphology and size which is visible in all the exosomes released by these cell lines.
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Figure 3.1: A and B represents scanning and transmission electron lcroscopic images of
exosomes derived from H358 cell line respectively at different magnifications.
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Figure 3.2: C and D represents scanning and transmission electron microscopic images of
exosomes derived from THP1 cell line respectively.
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Figure 3.3: E and F represents scanning and transmission electron microscopic images of
exosomes derived from MCF7 cell line respectively.
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3.3.2 Size Distribution Analysis by Dynamic Light Scattering:

The differential size distribution of nano sized particles was determined by using dynamic
light scattering (DLS) or also known as photon correlation spectroscopy. All vesicles scatter
light when they are illuminated with a laser beam. The size distribution of these vesicles was
calculated (n=10 with triplicates) as described earlier by measuring the intensity fluctuation
of the scattered lights and applying the Brownian motion and light scattering theory. DLS is
used to measure the size distribution of exosomes secreted by the cancer cell lines used. The
average size analysed by DLS for the exosomes from H358 is (165.96+£40.26) nm (Table 3.1)
with PDI (Polydispersity Index): 0.513. For THP1 the average size is (146.23£38.18) nm
(Table 3.1) with PDI: 0.412. For MCF7 the average size is (137.49+26.75) nm (Table 3.1)
with PDI: 0.397. The results from EM and DLS showed significant statistical difference
(p<0.05, Figure 3.4). However, the results from DLS were comparable with the results from
EM (Figure 3.4) as both the results were within the expexted exosomal size range. The DLS
analysis also showed a strong negative zeta potential (Table 3.1) of (-46.32+7.80) mV for
H358 exosomes, (-43.34+6.17) mV for THP1 exosomes and (-51.21+5.23) mV for MCF7
exosomes. The highly negative charge of exosome was due to the presence of phospholipid

membrane.

52



Table 3.1: Dynamic Light scattering and zeta potential of exosomes from H358, THP1 and
MCEF7 cell lines are shown in the table below. Here, n=10 each with triplicates.

H358 THP1 MCF7
Samples Size (nm) PDI Z-potential Size PDI Z-potential Size (nm) PDI Z-potential
(mV) (nm) (mV) (mV)
Sample 1 171.83 0.465 -48.12 192.94 0.455 -37.23 118.33 0.461 -56.31
Sample 2 136.12 0.552 -52.56 219.03 0.369 -41.26 106.87 0.423 -49.88
Sample 3 216.25 0.663 -49.43 128.24 0.422 -52.14 177.32 0.289 -52.05
Sample 4 111.28 0.611 -33.11 93.12 0.613 -51.8 159.33 0.603 -41.11
Sample 5 165.69 0.418 -36.17 171.6 0.211 -48.79 179.21 0.326 -54.39
Sample 6 111.7 0.289 -40.25 120.6 0.563 -41.03 110.12 0.416 -46.27
Sample 7 235.31 0.509 -58.13 151.6 0.383 -39.54 139.36 0.397 -47.51
Sample 8 179.24 0.572 -49.87 119.36 0.474 -46.19 128.39 0.365 -52.37
Sample 9 155.78 0.533 -44.26 139.33 0.417 -41.66 115.45 0.317 -59.09
Sample 10 176.4 0.516 -51.34 126.44 0.217 -33.8 140.54 0.366 -53.14
Average 165.96 0.513 -46.32 146.23 0.412 -43.34 137.49 0.397 -51.21
STD 40.26 0.11 7.80 38.18 0.13 6.17 26.75 0.09 5.23
250
EM vs DLS
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p=0.03
E p=0.008
o 150 p=0.02
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Figure 3.4: Comparison of exosome size obtained from EM and DLS analysis for H358,
THP1 and MCF7. A t-test on the size distribution showed significant differences (p<0.05)
between the results of EM and DLS.
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3.3.3 Comparison exosome isolation by PEG:

To identify the best PEG and their concentration, three PEG polymers with different
molecular weight (4000Da, 6000Da and 8000Da) were used and exosomes from lung cancer
cell lines were used as reference. Exosomes were isolated by 10%, 20%, 30% and 40% (w/v)
of each of the molecular weight. To compare the best polymer and concentration to be used,
the protein concentration (Figure 3.5) of the isolated exosomes were measured by Bradford
assay method using BSA as standard. Although protein concentrations did not show much
differene (p>0.05) between the polymers and their working concentration, it was observed
that 30% PEG with 8000KDa molecular weight yielded the highest protein concentration
(Figure 3.5). However, DLS analysis showed that the average size of exosomes from 30%
was higher than the commercial kit as well as other PEGs (Figure 3.6). To further identify the
best suit PRG concentration, TEM analysis was perform with all working concentrations
(10%, 20%, 30% and 40%) from each different molecular weight. Images from the TEM
analysis (Figure 3.7) showed that, irrespective of concentrations, all PEG solutions were able
to isolate exosomes like vesicles. However, images acquired from 8000Da solutions were
better than other two PEGs. Images from 10% solution of all PEGs with different molecular
weight showed the presence of some other particles or leftover cellular debris. Image from
40% solution of 4000Da showed very little to no exosome like particles. Average particle
size measured by DLS showed very little difference between 30% and 40% of 8000Da PEG
solution. Due to the higher protein concentration and from the images of TEM, 30% solution

of 8000Da was chosen for exosome isolation for later part of the thesis.

54



40 -
35 - p20.05

W 4000Da

m 6000Da

8000Da

Protein Concentration (ug/ml)

10% 20% 30% 40%
PEG Concentrations (%0)

Figure 3.5: Comparison of PEG solutions of different molecular weight and different
concentration. As a referecnce sample, only exosomes from H358 was used. A t-test was
carried out to analyse the differences within each concentrations which did not show any
significant differences (p>0.05).
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Figure 3.6: Comparison of commercially available exosome isolation kit (TEI) and PEG
solutions of different concentrations. DLS analysis was performed to analyse the particle size
distribution.
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Figure 3.7: TEM images of exosomes isolated from H358 cell lines by PEG
solution with different molecular weight and at different concentrations. All the
images are taken within 50K to 100K magnification.
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Then comparison was made between ultracentrifugation method, precipitation method with
commercial kit and in-house PEG 8000Da polymer based solution. Equal amount of cell
culture supernatant (2ml) was taken from all three cell lines. After isolation of exosome by
three methods exosomes were lysed with RIPA buffer and protein concentration was
determined by Bradford assay. In figure 3.8 it is clearly visible that, the protein concentration
from UC is lower than both the precipitation solution while the protein concentration from
TEI and EXPEG is very similar in three cell lines. Although the difference in protein
concentration is not significant but as the in house PEG solution yielded the highest

concentration, the 8000Da has been chosen for subsequent proteomic studies.
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Figure 3.8: Comparison of proteins extracted by three methods, ultracentrifugation (UC),
polyethelyn glycol solution (EXPEG) and total exosome isolation Kit (TEI) for three cancer
cell derived exosomes.

3.3.4 One Dimensional Gel Electrophoresis and Western Blot:

A simple 1D gel technique was applied to see the protein patterns of three cancer cells and
their corresponding exosome (Figure 3.9A). ldeally exosomes shares similar protein bands
with their cell of origin. On 1D PAGE more distinct protein bands were detected on the cell
lysates, compared to exosome protein bands. Apart from some common bands, there were
more than 25 protein bands of the cellular samples were absent or present in very low level in
example while the intensity of some bands much clear in the exosome sample. Furthermore
approximately 10 distinct bands on the exosome samples were variably present on the

cellular lanes.

57



There are several differences in the band patterns between the cell lysates and the exosomal
proteins. Several protein bands are not present in the exosome but there are three bands
marked red arrow in (Figure 3.9A) with the molecular weight of just around 250kDa,
between 250kDa -100kDa and the last one very close to 10kDa, are not present in the cell
lysate. There are two bands very close to each other (Yellow boxed) are either not present in
the cell lysates or present in lower abundance compared to the exosomes along with the
bands marked with red arrows around 25kDa to 15kDa in the exosome samples which are not
present in cellular samples. Furthermore, there are one band in each cell lysate (White box)

which are not seen in exosome samples around 15kDa (Figure 3.9A).

Exosomes from three cancer cell lines were characterised by western blot analysis using most
commonly used exosomal protein marker CD63, CD81, CD9 and Hsp70 to establish whether
the exosomes from these three cancer cell lines express these exosomal proteins (Figure 3.7
B). The presence of CD63 in 53kDa, CD9 in 28kDa, CD81 in 26kDa and Hsp70 in 70kDa in
all three exosomes suggests the presence of exosomes in the preparation. The observation of
SEM, DLS along with the presence of exosomal marker proteins in the preparation confirms

the presence of exosomes in the preparation.
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Figure 3.9: A) 1D gel electrophoresis of cellular protein and exosomal protein where H and
HE represent H358 and exosomes from H358, similarly for T and TE are THP1 and
exosomes from THP1 and M and ME stand for MCF7 and exosomes from MCF7
respectively. Bands with red arrow and yellow box in exosom sample are either absent of
present in low abundance in cell lysates. Bands in white box are not present in exosome
samole but present in cell lysates. B) Western blot analysis of exosomes using exosome
marker CD63, CD81, CD9 and Hsp70 from lung cancer cell line H358 (HE), leukaemia cell
line THP1 (TE), breast cancer cell line MCF7 (ME).
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3.4 Discussion:

Over the last few years, focus on exosome research has gained huge attention (Lane et al.,
2015) due to its versatile application in drug delivery systems (Haney et al., 2015) and cancer
biomarkers (Sandfeld-Paulsen et al., 2016). Isolation of exosomes from various complex
body fluids with their inherent intact properties is one of the fundamental parts in any
downstream analysis of exosomes (Li et al., 2017). The main goals for this chapter were to
identify and characterise exosomes and establish a method for the purification, identification
and characterization of exosomes from cell culture supernatant, derived from the three cancer
cell lines which are time and cost effective. Several experiments have been performed and
optimised to establish the methodologies. The culture conditions were optimised in order to
obtain good quality exosomes from each cell lines.

To choose the method that best suits with the availability of instruments, broadly two
methods of exosome isolation have been experimented including ultracentrifugation and
polymer based precipitation. PEG with three different molecular weights and at different
concentrations was used to find out the most suitable methods to isolate exosomes. Although,
the results do not suggest any significant difference between 4000Da, 6000Da and 8000Da,
however 30% PEG 8000Da shows higher protein concentration any others (Figure 3.5). The
average size distributions were relatively comparative amongst 10%, 20% and 30% where
30% being the top ranked. The average size distribution for 40% PEG 8000Da was even
higher but 30% was chosen over it due to higher protein concentration and lower size
distribution (175.29£15nm for 30% and 191.67+37.26nm for 40% PEG). The results between
TEI, UC and EXPEG does not suggest a significant differences however the result from the
Bradford assay shows that the protein concentration from both the polymer was higher than
the UC (Figure 3.6). The advantages of ultracentrifuge method include low or no chemical
cost and lower risk of having contaminating proteins with large scale capacity. However, the
limitations of the ultracentrifuge technique includes requirement of special equipment and
tubes with careful balancing (Li et al., 2017). Other limitations includes relatively low
recovery of exosomes has been reported for ultracentrifuge method (Sunkara et al., 2016).
However, the PEG based precipitation method also has some pros and cons. The advatages of
the precipitation method include better yield, easy to use, does not require any specialised
equipment and easly scalable for large samples. On the contrarary, the limitations of
precipitation method are risk of getting contaminating proteins and other extracellular

vesicles as the polymer reduces the solubility of all vesicles including exosomes which aids
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to the total protein concentration, longer run time for exosome isolation and finally this
method requires pre and post cleap up steps to remove the contaminating proteins (Li et al.,
2017). Furthermore, the commercial Kits available in the market are very expensive to use
widely in laboratory experiment but PEG based method is very easy to isolate exosome from
the culture medium even with the risk of isolating exosoems with contaminating proteins if
the post clean up steps are applied (Atha and Ingham, 1981). Several studies have
successfully isolated exosomes using PEG. For example, PEG 10,000Da was used to isolate
exosomes from HeLa cells which showed an average particle size of 100nm and western blot
anlysis confirmed the presence of exosomal marker proteins CD81, CD9 and ALIX (Weng et
al., 2016).

Two cell lines used in this study out the three cancer cell lines were epithelial adherent cells.
They were lung cancer cell line (H358) and breast cancer cell line (MCF7). The other cell
line was a monocyte suspension cell line from leukaemia (THP1). Exosomes from each cell
lines were characterised by exosomal protein markers CD63, CD81, CD9 and Hsp70 (Figure
3.8). Exosomes from all the cell lines expressing these well-known exosomal markers
confirms the presence of exosomes in the culture media. The results of EM also showed the
presence of a heterogeneous population of vesicles within the accepted size range (30nm-
150nm) of exosomes. The size and morphology of exosomes from THP1 (30-100nm) and
MCF7 (20-300nm) cell lines were comparable to previously reported sizes of these two cell
lines (Redzic et al., 2013; Wang et al., 2015). Due to the hydrophobic surface of exosomes
drying steps in the sample preparation for electron microscopy causes the agglomeration,
which is also visible in the images (Mizutani et al., 2014; Sokolova et al., 2011). All the
images taken by the electron microscopy showed the presence of exosomes with a
heterogeneous size distribution which indicates that the populations of exosomes produced by
the cell lines are not uniform which is an accepted characteristics described in published
works (Bobrie et al., 2011; Palmieri et al., 2014). However some vesicles were damaged due
to the techniques used to fix and dry the exosomes onto the EM grid. Although no presence
of micro vesicles/apoptotic bodies were seen on the images, there was some non-exosomal
materials seen on the images which could be some cell debris or protein aggregates. In EM

images exosomes are distinct and clear in SEM which is shown in figure 3.2.

The presence of exosomes was established by DLS. DLS is a much more simple method than
EM. DLS method is suitable to determine the average size of mono dispersed particles but for

highly poly disperse particles accurate sizing is very difficult (Sunkara et al., 2016) which
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complied with the result as it showed a polydispersity index of over 0.2. However, DLS has
been previously used to detect exosomes three human colon cancer cell lines (Palmieri et al.,
2014). Furthermore, the PEG polymer also isolates some larger extracellular vesicles which
DLS method cannot distinguish and hence those larger particles contribute to the average size

which also supported by previous published paper (Lane et al., 2015).

3.5 Conclusion:

The proper isolation, identification and characterisation of exosomes are crucial for the
subsequent exosome analysis. Methods to isolate exosomes from different source such as
blood or cell culture media have been reported to suffer several issues which question their
acceptability. In this chapter, it was shown that exosomes from cell culture media was
successfully isolated by using polyethylene glycol based precipitation method and the

presence of exosomes were confired by TEM and the size distribution was evaluated by DLS.
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Chapter 4.

Dynamics of exosome release during cellular growth.

4.1 Introduction:

Exosomes are extracellular vesicles released by cells to their microenvironment to maintain
intracellular communication by transferring biological contents such as proteins, lipids,
nucleic acid to the neighbouring cells. Recently it was revealed that cells release different
subpopulation of exosomes with distinct composition and biological information that have
different effect on the recipient cells (Corrado et al., 2013; Willms et al., 2016). In recent
years exosomes studies have taken a huge dive to find out the total protein content of tumour
derived exosomes by mass spectrometry based proteomics to look for potential biomarker for
disease (Fontana et al., 2013). In any proteomic study the protein concentration of the sample
is crucial especially if the experiment is based on gel electrophoresis. The total protein
concentration of cell lysate is dependent on the total cell number; likewise the total protein
concentration of exosomal protein is dependent on the number of exosomes secreted by the
cells. All cells release exosomes in their biological fluids during their growth phases to
perform several biological functions such as immune response, communicate with
neighbouring cells, removing waste materials. These exosomes are taken up by other cells
from the extracellular matrix. The time exosomes stays in the biological fluids vary between
cell types. It has been reported that the half-life of the exosomes from B16 melanoma cells is
30mins and this was observed when exosomes were labelled with fluorescent dye to check
their stability (Takahashi et al., 2013). In another report, exosomes from human platelet
concentrate showed a half-life of 5.5hours (Yafiez-Md et al., 2015). Several reports revealed
that within these short period of times, exosomes caries various proteins and RNAs
depending on the cell of origin and also on condition of the environment such as hypoxia or
inflammation (de Jong et al., 2012; Théry, Zitvogel, et al., 2002). It has been reported that
tumour derived exosomes elevated the expression level of luciferase receptor by 60-fold in
breast cancer cells (Chow et al., 2014). It was observed that CD53 and CD63, two members
of the tetraspanins, showed increased expression during apoptosis. In this report spontaneous
apoptosis of human neutrophil cells was achieved by aging which resulted the increased level
of expression of the tetraspanins CD53 and CD63, and down regulated the expression of
CD62L, a surface adhesion receptor (Beinert et al., 2000).
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In this chapter, the total number of exosomes released by the cell was examined in relation to
culture time/growth phases by applying ELISA based exosome quantification method. Total
protein concentration was measured by Bradford assay and the proteins from exosomes of
different growth stages were separated by 1D gel electrophoresis and identified by mass
spectrometry. The goal of this chapter is to quantify exosomes in different growth phases.
The protein concentration will also be measured to justify the exact time and number of
exosomes required for any specific amount of protein needed for any subsequent exosome
analysis for example, exosomal protein concentration required for 2D gel based proteomics.
For any 2D gel based proteomics, 100ug to 200ug of protein required. So to determine the
accurate time and cell number required for that amount of protein the number of exoosmes
needed to be quntifed. The result of this chapter will be used in the following chapter to

collect exosomes.
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4.2 Methods and Materials:

4.2.1 Protein Extraction and Calibration Curve:

Protein extraction was performed by following the manufacturer’s protocol with slight
modification. Exosome pellet isolated from culture medium as described in previous chapter
using Total Exosome Isolation Kit from Invitrogen (Fisher Scientific UK) was suspended in
100ul of exosome binding buffer. The sample was vortexed for 15 seconds to resuspend the
exosome particles. Then the samples were incubated at 37°C for 30min to liberate all the
exosomal proteins with occasional vortex every 10min. After the incubation steps the
samples were centrifuged on a bench top centrifuge at 1500g for 30mins to pellet down any
residual debris. The temperature was kept at 4°C during the centrifugation. The supernatant
containing protein was collected in a sterile eppendorf tube and kept on -80°C for future
analysis. The calibration curve was obtained by serial dilution of the ExoElisa protein

standard (CD63). Absorbance was taken by a multi plate reader SpectraMax M5 at 450nm.

4.2.2 Quantification of Exosomes by ELISA Method:

To count the number of exosomes, equal number of cells (0.5x10°) from H358, THP1 and
MCF7 cell lines was seeded in a six well plate. The experiment was done in triplicate.
Samples were collected every three days interval up to five collection. An enzyme linked
immunosorbant assay (ELISA) method was applied to count the exosomes secreted by the
cells. The Exo-ELISA method works based on the exosomal marker protein CD63. The
exosomal proteins were directly immobilised into the well and coated to a blocking buffer to
prevent non-specific binding. The detection (primary) antibody which is specific to antigen
protein CD63 was added and a secondary antibody HRP (Horseradish peroxidase) was used

to detect the primary antibody.

Exosome was counted using the manufacturer’s protocol. Briefly, 50 pul of prepared protein
standards and exosome protein sample (10ug) were added to the appropriate well of the
micro-titer plate. The plate with sealed with film/cover. The plate was then incubated at 37°C
overnight. After incubation step, the plate was inverted to empty all contents. Then the plate
was washed 3 times for 5 minutes each with 100 ul 1X Wash buffer. A shaker was used for
all subsequent washing and incubation steps. Residual liquid was removed by hard-tapping
the plate on fresh paper towels, while taking care not to let the wells dry out completely.
Exosome specific primary antibody was (CD63) to 1:100 with 1X blocking buffer and was

added 50 pl of to each well and incubated at room temperature for 1 hour with shaking. Then
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the plate was washed 3 times for 5 minutes each with 100 pl 1X Wash buffer. Exosome
validated secondary antibody (HRP) was diluted to 1:5,000 with 1X blocking buffer and 50
pl was added to each well and incubated at room temperature for 1 hour with shaking. The
plate was washed 3 times for 5 minutes each with 100 pl 1X Wash buffer. Then 50 pl of
Super-sensitive TMB ELISA substrate was added and incubated at room temperature for 45

minutes with shaking. Then the absorbance was taken using a micro plate reader at 450nm.

4.2.3 Determination of Protein Concentration:

The protein concentration was determined by using a modified Bradford assay method. A
standard curve was made by diluting 0, 2, 4, 6, 10, 15 and 20pg of BSA standard solution
(1.0g/ml) into assigned wells of a 96-well plate. The volume was made up to 100ul with
deionised water. 20ul from each sample was taken in separate wells. 200ul of Bradford
reagent was added to each well including standards and samples. The plate was then
incubated for 5min and the absorbance was taken by the multi plate reader Spectra Max M5
at 595nm with a constant temperature of 25°C.

4.2.4 One Dimensional Gel Electrophoresis:

In this chapter, for 1D gel, the running condition was same with the previous chapter but
instead of handmade gel, NuPage 12%-4% gels from Invitrogen (Fisher UK) and SureLock
mini gel tank were used. For the running buffer MOPS running buffer also from Invitrogen
was used. 25ug from each sample were diluted with sample buffer (0.5 M Tris pH 6.8, 25%
Glycerol, 1% SDS, Bromophenol blue) and heated at 70°C for 10min. 15ul of sample were
loaded in each lane. The gel was run under denaturing condition at a constant voltage of
200V and current of 100mA for 45min. Gel bands were cut into pieces and sent to University
of York for protein identification by mass spectrometry. The protocols used for LC/MS are
described below.

4.2.5 Protein Identification by LC-MS (University of York):

In-gel tryptic digestion was performed after reduction with DTE and S-carbamidomethylation
with iodoacetamide. Gel pieces were washed two times with 50% (v/v) aqueous acetonitrile
containing 25mM ammonium bicarbonate, then once with acetonitrile and dried in a vacuum
concentrator for 20 min. Sequencing-grade, modified porcine trypsin (Promega) was
dissolved in the 50mM acetic acid supplied by the manufacturer, then diluted 5-fold by

adding 25mM ammonium bicarbonate to give a final trypsin concentration of 0.02ug/pL.
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Gel pieces were rehydrated by adding 10ul of trypsin solution, and after 5 min enough 25mM
ammonium bicarbonate solution was added to cover the gel pieces. Digests were incubated
overnight at 37°C. A 1ul aliquot of each peptide mixture was applied directly to the ground
steel MALDI target plate, followed immediately by an equal volume of a freshly-prepared 5
mg/mL solution of 4-hydroxy-a-cyano-cinnamic acid (Sigma) in 50% aqueous (V/v)
acetonitrile containing 0.1% , trifluoroacetic acid (v/v).

Positive-ion MALDI mass spectra were obtained using a Bruker ultraflex Il in reflectron
mode, equipped with a Nd:YAG smart beam laser. MS spectra were acquired over a mass
range of m/z 800-4000. Final mass spectra were externally calibrated against an adjacent
spot containing 6 peptides (des-Argl-Bradykinin, 904.681; Angiotensin I, 1296.685; Glul-
Fibrinopeptide B, 1750.677; ACTH (1-17 clip), 2093.086; ACTH (18-39 clip), 2465.198;
ACTH (7-38 clip), 3657.929.). Monoisotopic masses were obtained using a SNAP averaging
algorithm (C 4.9384, N 1.3577, O 1.4773, S 0.0417, H 7.7583) and a S/N (Signal to noise)
threshold of 2.

For each spot the ten strongest peaks of interest, with a S/N greater than 30, were selected for
MS/MS fragmentation. Fragmentation was performed in LIFT mode without the introduction
of a collision gas. The default calibration was used for MS/MS spectra, which were baseline-
subtracted and smoothed (Savitsky-Golay, width 0.15 m/z, cycles 4); monoisotopic peak
detection used a SNAP averagine algorithm (C 4.9384, N 1.3577, O 1.4773, S 0.0417, H
7.7583) with a minimum S/N of 6. Bruker flexAnalysis software (version 3.3) was used to
perform the spectral processing and peak list generation for both the MS and MS/MS spectra.
Tandem mass spectral data were submitted to database searching using a locally-running
copy of the Mascot program (Matrix Science Ltd., version 2.5.1), through the Bruker
BioTools interface (version 3.2). Search criteria included: Enzyme, Trypsin; Fixed
modifications, Carbamidomethyl (C); Variable modifications, Oxidation (M); Peptide
tolerance, 100 ppm; MS/MS tolerance, 0.5 Da; Instrument, MALDI-TOF-TOF; Database,
Uniprot (552259 sequences; 197423140 residues).
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4.3 Results:
4.3.1 Quantification of Exosomes by ELISA:

To count the exosome from the samples, a calibration curve (Figure 4.1) was drawn using
CD63 standard. Exosomes were calculated with the equation (y= 3E-11x+0.0425) generated

by the calibration curve. Absorbance was taken 450nm with triplicates.

Calibration Curve for Exosome Number
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Figure 4.1: Calibration curve of exosomes using exosome standard CD63 to count the
exosomes by the ELISA method. Absorbance was taken at 450nm using SpectraMax 5.

Exosomes were counted to determine the relationship between the number of cells and
exosomes. Sampling was carried out every three days for up to 15 days. In Figure 4.2 for
H358 cell line, it is clearly visible that the number of exosomes increased proportionately
from 0.518x10° to 13.66x10° with increasing number of cells up to day 15. However, after
confluency, the number of exosomes increased very sharply and reached to 13.66x10°. The
number of exosomes released per cell was ~6000/cell on day 3 to ~30,000/cell at day 15.
However, the number of exosomes/cell up to confluency stage (on 9™ day) was (~9000/cell)
but it rose up to ~31600/cell after confluency till the end on 15" day. The overall average
exosomes released from day 3 to Day 15 was ~18000/cell (Figure 4.5), the most found in this
study.

The THP1 cell line (Figure 4.3) showed a similar trend as the H358 cell line. The exosome
number increased consistently from day 3 until day 15 (From 0.335x10° to 17.7x10%) with a
slow increase up to day 6 compared to H358 cell line. The THP1 cell reached stationary
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phase at day 6 and which is 3 days and 9 days earlier than H358 and MCF7 respectively. Like
H358 cells the exosome number from THP1 increased sharply from day 9 (3.34x10°) to day
12 (17.7x10%. The average number of exosomes/cell from THP1, on the first collection on
day 3 was ~14000 and the on the last day at day 15 it reached to ~32000. Furthermore, the
number of exosomes/cell up to confluency was ~2350/cell but after confluency the number of
exosomes/cell was ~32600/cell. However, the overall average exosomes released per cell for
THP1 was almost similar (~15500/cell) to H358 (Figure 4.5).

In case of MCF7 cells, (Figure 4.4) the increase of exosome number followed the similar
trend of H358. Here, the number of exosomes started to increase slowly from day 3 to day 15
(from 1.62x10%0 16.02x10%). Unlike H358 cell line, the exosome number of MCF7 cell lines
increased consistently till day 15. The number of exosomes/cell on day 3 was ~1800/cell, but
at day 15 the number of exosomes/cell reached to ~45000. However, up to the confluency
stage on 12™ day the average number of exosomes released per cell ~9650/cell and after
confluency the number of exosomes/cell raised to ~17400/cell. Finally the overall average
from day 3 to day 15 the number of exosomes/cell was steady throughout the experiment
(~14500/cell) (Figure 4.5).
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Figure 4.2: Number of H358 cells (x10°) vs number of exosomes released (x10°%) from H358
cells. The number of exosomes was quantified using the ExoElisa method and cells were
counted by haemocytometer with every three days interval.
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Figure 4.3: Number of THP1 cell (x10%) vs number of exosomes released (x10°) from THP1
cells. The number of exosomes was quantified using the ExoElisa method and cells were
counted by haemocytometer with every three days interval.
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Figure 4.4: Number of MCF7 cell (x10°) vs number of exosomes released (x10%) from
MCF7 cells. The number of exosomes was quantified using the ExoElisa method and cells
were counted by haemocytometer with every three days interval.
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Figure 4.5: Average number of exosomes per cell by H358, THP1 and MCF7 cell lines from
day 3 till day 15 on different cellular growth stages.

4.3.2 Bradford Assay of Exosomal Protein:

The protein concentration of the exosome samples collected at different stages of cellular
growth was done by Bradford assay. In all three cell lines increasing amount of protein was
obtained with increasing number of exosomes, except for THP1 cells where the amount of
protein found to be similar between sampling two and three. The rate of increase of protein
concentration was faster between the first two sampling in all 3 cell lines. In the figure 4.6 it
is clearly visible that with the increase of exosome number the concentration of protein is
increasing but it is observed that on 3rd sample collection which is after 9 days the rate of
increase slows down. However the overall average rate of protein increase did not show any
significant difference. Despite showing a static phase in the protein concentration by both
THP1 and H358, the overall protein secretion by the exosomes per day on an average is very
similar with H358 showing the highest amount of protein per day (25.476ug/ml) and MCF7
being the lowest (21.736pg/ml) and THP1 (22.6pg/ml) is very similar to MCF7 (Figure 4.7).
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Figure 4.7: Average protein concentration per day by exosomes from three cells. Here, HE,
TE and ME represents protein concetrations from H358, THP1 and MCF7 cell derived

exosomes.
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4.3.3 Analysis of Exosomal Proteins by One Dimensional Gel
Electrophoresis:

One dimensional gel electrophoresis was performed on exosomes released by 3 different cell

lines which were collected in different cellular growth phases. The results showed variable

number of protein bands in different growth phases in 3 different cell lines (Table 4.1). An

intense band of approximately 60KDa was observed in each lane (Appnedix Figure 1).

The protein bands on each lane was analysed by using 1D gel electrophoresis analysing
software CLIQS (Total lab). The first lane on each gel contains the molecular standard
marker and on the basis of molecular marker sizes the approximate molecular weight of each
band was measured (Appnedix Figure 1). The similar number of protein bands were observed
in all 3 cell lines at sampling 1 on day 3 (4-5 bands) then declined in case of H358 and MCF7
cell lines until sampling 3 on day 9 which is cell confluency stage for these 2 cell lines (Fig.
4.8; 4.10). From sampling 3 the number of protein bands increased until sampling 5 in all 3
cell lines. In case of THP1 cell line protein bands increased from sampling 1 and sampling 2
(confluence stage) then dropped in sampling 3 (Table 4.1).

4.3.4 Dynamics of Protein Transportation by Exosomes Derived from
H358 Cells:

There are clear differences in protein band profile in different growth phases (Figure 4.8).
The most prominent band observed in each line lies around 60kDa. Apart from the dark band
there very faint protein bands (approximately 4KDa to 22KDa) present in sampling 2 and 3
(confluency stage) but these bands found to be absent in sampling 1. However, these proteins
band became more prominent in sampling 4 and sampling 5. Moreover, there are few protein
bands appeared around 160kDa and above in sampling 4 and Sampling 5. Due the differential
presence of the protein bands at later stages, these bands were subjected to Mass
spectrometry analysis for protein identification. Four bands (HS4.1, HS4.2, HS4.3 and
HS4.4) were isolated and analysed for protein identification. The result showed that HS4.1
and HS 4.2 represent alpha-2- macroglobulin (A2M) and Pregnancy zone protein (PZP)
respectively. These stress regulator proteins. The HS4.3 band (due to presence of other bands
in this area) analysis identified many proteins which are serum albumin, alpha-2-HS-
glycoprotein and alpha -1-antiproteinase and HS4.4 band identified as Apolipoprotein A-1.
The functions of these proteins are given in Table 4.1
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Figure 4.8: 1D gel electrophoresis of exosomal protein extracted from H358 derived
exosomes from day 3 till the end on day 15. Here H1 to H5 represent the samples from day 3
to day 15 where H1 represents day 3 or sampling one H5 is sampling five on day 15. The
band number is denoted by HS4.1, HS4.2, HS4.3 and HS4.4 represent first, second, third and
fourth band from sampling four or day 12 from H358 cell derived exoosmes respectively.

4.3.5 Dynamics of Protein Transportation by Exosomes Derived from
THPL1 Cells:

The protein profile in THP cell line was found to be similar to H358 cell line with exception
that the presence of higher molecular weight bands around 160KDa appeared at sampling 2
and then disappeared at sampling 3 and reappeared again at Sampling 4 and sampling 5
(Figure 4.9). Four protein bands from earlier stage (TS2.1 and TS2.2) and later stages (TS4.1
and TS4.2) were isolated and subjected to protein identification. The results showed that
TS2.1 and TS 2.2 band was identified as Alpha-macroglobulin (A2M) and Pregnancy Zone
Protein (PZP) respectably. The bands TS4.1 and TS4.2 were identified as A2M and PZP

again on the later stage of the growth curve.
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Figure 4.9: 1D gel electrophoresis of exosomal protein extracted from THP1 derived
exosomes from day 3 till the end on day 15. Here T1 to T5 represent the samples from day 3
to day 15 where T1 represents day 3 or sampling one T5 is sampling five on day 15. TS2.1
and TS2.2 represent the first and second band from sampling two or day 6 and TS4.1, TS4.2
represent first and second band from sampling four or day 12.

4.3.6 Dynamics of Protein Transportation by Exosomes Derived from
MCF7 Cells:

In case of MCF7 cell line similar profile band was observed as H358 cell line (Figure 4.10)
but the lower molecular weight bands (approx.4KDa to 22KDa) found to be more prominent
from sampling 2 whereas these bands were prominent at sampling 4 and sampling 5 stages in
H358 cells. Similar to the H358 cell the higher molecular bands around 160KDa above were
observed at sampling 4 and sampling 5 and one band (MS 4.1) was subjected to mass
spectrometry analysis for protein identification. The result showed that this band was

identified as alpha -2-marcoglobulin and Pregnancy zone proteins (Table 4.1).
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Figure 4.10: 1D gel electrophoresis of exosomal protein extracted from THP1 derived
exosomes from day 3 till the end on day 15. Here M1 to M5 represent the samples from day 3
to day 15 where M1 represents day 3 or sampling one M5 is sampling five on day 15. Here,
MS4.1 represnts the first band on lane 4 which is on day 12.
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Table 4.1: List of Proteins identified by Mass Spectrometry from from day 3 to day 15 with

their functions.
Band Protein Accession Cell Origin Mol. MASCOT pl Functions

ID Number Wit Score

(Da)

s ENES  Alpha-2-macroglobulin P01023 H358 Human 164613 89 d Vesicle mediated
transport
1Rt THPL Cell differentiation
TS 4.1 MCF7 Localization
MS 4.1 Response to stress
Protein binding
Protease inhibitor
Pregnancy zone protein P20742 H358 Human 165242 101 5.97 Response to stress
THP1 Cell differentiation
Protein binding
MCF7
Protease inhibitor
Serum albumin P02768 H358 Bos 71317 137 5.92  Cellular growth
Taurus -
THP1 Cell Communication
Biological regulation
Alpha-2-HS-glycoprotein P12763 H358 Bos 39193 102 5.26 Membrane invagination
Taurus AT
THPL Localization
Response to stress
Kinase inhibitor
Alpha-1-antiproteinase P34955 H358 Bos 46417 177 6.05  Protease inhibitor
Taurus f f :
THP1 Biological adhesion
Biological regulation
Protein binding
TS 4.1 Haemoglobin subunit delta ~ P02042 THP1 Human 16159 122 7.85  Cellular growth
Transport
Localization
Biological adhesion
Biological regulation
SIS Apolipoprotein A- P15497 H358 Bos 30258 264 571  Transport
Taurus

Localization
Biological adhesion

Biological regulation
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http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50;ALIGNMENT_VIEW=Pairwise;AUTO_FORMAT=Semiauto;CDD_SEARCH=on;CLIENT=web;COMPOSITION_BASED_STATISTICS=on;DATABASE=nr;DESCRIPTIONS=100;ENTREZ_QUERY=(none);EXPECT=10;FILTER=L;FORMAT_BLOCK_ON_RESPAGE=None;FORMAT_OBJECT=Alignment;FORMAT_TYPE=HTML;GAPCOSTS=11%201;I_THRESH=0.001;LAYOUT=TwoWindows;MATRIX_NAME=BLOSUM62;NCBI_GI=on;PAGE=Proteins;PROGRAM=blastp;QUERY=MALSITRGLLLLAALCCLAPISLAGVLQGHAVQETDDTSHQEAACHKIAPNLANFAFSIYHHLAHQSNTSNIFFSPVSIASAFAMLSLGAKGNTHTEILKGLGFNLTELAEAEIHKGFQHLLHTLNQPNHQLQLTTGNGLFINESAKLVDTFLEDVKNLYHSEAFSINFRDAEEAKKKINDYVEKGSHGKIVELVKVLDPNTVFALVNYISFKGKWEKPFEMKHTTERDFHVDEQTTVKVPMMNRLGMFDLHYCDKLASWVLLLDYVGNVTACFILPDLGKLQQLEDKLNNELLAKFLEKKYASSANLHLPKLSISETYDLKSVLGDVGITEVFSDRADLSGITKEQPLKVSKALHKAALTIDEKGTEAVGSTFLEAIPMSLPPDVEFNRPFLCILYDRNTKSPLFVGKVVNPTQA;SERVICE=plain;SET_DEFAULTS.x=9;SET_DEFAULTS.y=5;SHOW_OVERVIEW=on;WORD_SIZE=3;END_OF_HTTPGET=Yes

4.4 Discussion:

Cells were cultured in exosome depleted FBS medium to avoid contamination of bovine
exosomes which interferes exosomal function and determination (Shelke et al., 2014). On day
6 serum free medium was added to maintain the volume in the culture flask. The slow
cellular growth of the cell lines was due to the exosome depleted FBS as it has been
suggested that exosome depleted FBS shows better survival and slow growth rate (Eitan et
al., 2015). In this study, the number of exosomes found to be increased with the number of
cells during log phase. The stationary/confluency phase occurred in these cell lines varied
after seeding. THP1 cell grew faster and reached stationary phase on 6 days due its
suspension nature. Whereas, MCF7 reached stationary phase on 12 days after seeding, and
H358 on 9 days after seeding. The exosomes per cell increased consistently but the number of
exosomes per cell increased sharply after the cells had reached confluency (Figure 4.2; 4.3
and 4.4). There can be several reasons for that, such as the cells were in stationary phase
which meant, the number of donor cells and recipient cells were almost even and hence the
number of exosome uptake was less than the number of exosome released. In addition, the
pH of the culture medium is an important factor for increased exosomes. The pH of the
culture medium decreases with the increase number of cells and the low pH increases the
secretion of exosomes (Parolini et al., 2009). Furthermore, as the cells reached the stationary
phase which resulted high demands of oxygen and led to possible hypoxic condition in the
culture medium (Zeitouni et al., 2016). Hypoxic condition have been identified as one of the
reasons for increased exosome secretion (King et al., 2012; Umezu et al., 2014). The average
number of exosomes per cells (4570~12200)/cell, before the cell reached confluency which is
similar results (6500/cell) compared to other published reports (Agarwal et al., 2015).
Nevertheless, the number of exosomes per cells throughout the whole experiment supports
previously reported data for other published data. For example, in human thyroid cancer cell,
the average number was reported between 8700 and 15900 per cell (Agarwal et al., 2015; El-
Andaloussi et al., 2012). Interestingly, the number of exosomes per cells from the highly
metastatic cell line H358 was higher than the less metastatic breast cancer cell line MCF7.
However, because of the non-adherent nature of THP1 cells, the secretion of exosome was
higher than other two adherent cell lines H358 and MCF. It has been reported that the
suspension cells tends to release more intracellular calcium which in turns increase the

secretion of exosomes (Koumangoye et al., 2011).
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The exosomal protein profiles were similar in all three cells, but their abundance varied in
different cell growth stages. An intense band was observed in all lanes around 60kDa and MS
analysis revealed that this band represents serum albumin. Presence of serum albumin has
been reported in almost all exosomal protein analysis and can be used as a control for 1D gel
analysis for exosomal protein (Balaj et al., 2015). The two proteins appeared between
160kDa to 260kDa in H358, THP1 and MCF7 was found in sampling four and five which is
after confluency, they were not detected or visible from day 3 till day 9. However, the same
band was observed in case of THP1 on sampling two. The MS based identification revealed
that one of the proteins were Alpha-2macroglobulin (A2M) (HS 4.1; TS 2.1; MS 4.1; Table
4.1) with a molecular weight of ~164kDa and the other one is pregnancy zone protein (PZP)
(HS 4.2; TS 2.2; MS4.1, Table 4.1) with a molecular weight of ~165kDa. The detectable
level of A2M and PZP were found invariably at stationary phases of these three cell lines.
A2M and PZP are reported to be related with cellular stress (Sottrup-Jensen et al., 1984).
Now, here A2M was observed on the day 6 (THP1) and day 9 (H358 and MCF7) and as
mentioned before due to the suspension nature the THP1 cell line reached confluency faster
than lung cancer cell line H358 and breast cancer cell line MCF7. The reason behind this
phenomenon was not investigated in this study. A2M, along with other macroglobulin
belongs to the macroglobulin super family. Their basic function is to inhibit proteinase
activity by preventing large molecular weight substance to access the active proteinase site.
Nevertheless, its other function has been reported to eliminate proteinase out of the cells
(Rehman et al., 2013). Previous proteomic study has also revealed that exosomes release
Alpha-2-macroglobulin in hypoxic condition as seen when the oxygen level was reduced
down to 1% to find out the effects of oxygen on the release of exosome from placental
mesenchymal stem cells. Alpha-2-macroglobulin is a transporter protein which is involved in
biogenesis and secretion of exosomes (Salomon et al., 2013) which could have enhanced the
number of exosome secretion in the later part of cellular growth. As previously mentioned,
exosomes have the capability to secret different proteins or show different expression level in
hypoxic conditions to protect their target cells from hypoxic stress (de Jong et al., 2012). The
data presented here demonstrates that exosomal protein levels changes depending on the cell
culture condition and stress situation and cells utilize exosome mediate cellular
communication to cope up with the stress condition they were. The pregnancy zone protein
which is actually a homolog of alpha-2-macroglobulin (Petersen, 1994) has been reported to
be involved in proteolipid sorting of exosomes to eliminate unwanted materials from cells

(Carayon et al., 2011). Recent report suggests that A2M increased the survival rate of septic
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cells in a mouse where A2M enriched extracellular vesicles were administered in a mouse
model with sepsis increased the survival rate (Dalli et al., 2014). However, after day 6 to day
9, the doubling of cells were reduced or did not double till the end on day 15 which could
result the cells to rapture and elevated the abundance of the stress proteins as well as the
abundance of CD63 to some extent. Furthermore, from day 6 and onward cell doubling was
affected due to several reasons such as shortage of nutrient as no further nutrient was added,
the cells exhausted and the space for their growth was reduced. The other proteins identified
were  Alpha-2-HS-glycoprotein with  the molecular weight of ~39kDa, Alpha-1-
antiproteinase, (46kDa), Apolipoprotein A-l1 (~30kDa) and Haemoglobin subunit delta
(~16kDa). Except for serum albumin which was either acquired from the culture medium
(Thery et al., 2001) or it was eliminated from the cells through the exosome as it is
documented that exosomes are used as a vehicle to remove unwanted material out of the cells
by endocytosis (Francis, 2010). Alpha 1 antiproteinase, also known as anti-trypsin is reported
to be a biomarker for urethral cancer detected in exosomes from diseased patients. The
expression level of alpha 1 antiproteinase in cancer patients were high compared to normal
exosomal protein expression of alpha 1 antitrypsin.

Further study needs to be done on whether alpha 1 antitrypsin can be remark as a potential
biomarker for other cancer such as lung cancer or breast cancer. All the protein identified by
MS analysis scored more than 90 as a score of 70 or more in MASCOT, considered as
reliable (Hossain et al., 2014). The source of the protein was identified by MASCOT, a
protein data base which uses MS data to identify protein from peptide sequence, (Table 4.1)
is either from Human or Bos Taurus which suggests that, the proteins were taken by the cells
from the medium were transported to the exosomes and recycled during cellular growth.
Most of the lower molecular weight proteins found to be from Bos Taurus and with increased
abundance during later stages of cell culture phases (grown in serum free medium) therefore
it is unlikely that these proteins were derived from the culture supernatant rather taken from
medium by the cells and released when they were in excess which also justifies the role of
exosomes as a waste removal mechanism (Kalluri, 2016). In exosomal proteomics, some
proteins may derived from the medium itself since it very difficult to avoid serum
contaminating proteins (Théry, Zitvogel, et al., 2002). The proper reason for the secretion of
these proteins after so long period of time were not properly understood and there are no

supporting data that shows the result of these prolonged cell culture and isolation of
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exosomes. More extensive research needs to be done to understand the different protein
patterns and exosomal behaviour.

Finally, the number of exosomes from lung cancer cell lines H358, leukemic cell lines THP1
and breast cancer cell lines MCF7 were quantified and compared at different stages of
cellular growth which suggested that the number of exosomes varies in different cellular
growth stages and it is comparable to three cell lines. In addition, it was also found out that
A2M was found out only when the cells were at confluency state. Further work needs to be
done to the exact function of A2M regarding their involvement in cellular growth stages.
Since the cells did not double their after the confluency state, there is a possibility that cells
were dead by then due to shortage of nutrients in the media, lack of space and oxygen. The
presence of stress proteins could be the reflection of these dead cells and the ruptured dead
cells could have raised the level of CD63 to some extent. Although several studies have
shown that exosomes can be collected as long as after 15days of seeding. For example, to
investigate the interaction of exosomes between mesenchymal stromal cells (MSCs) and two
breast cancer cell lines MCF7 and MDA-MB231, the MSCs were co-cultured with MCF7
and MDA-MB231. Exosomes were collected at day 7 and day 15 which showed MSCs
interacted with both the cancer cell lines and inherited the marker proteins of MCF7 and
MDA-MB231 through exosome interaction. The presence of the marker proteins were
investigated by western blot analysis as well as 2D gel electrophoresis (Yang et al., 2015). In
another study MSCs was co-cultured with MCF7 in a 3D in vitro model cell culture system
which suggested some minor aggregation at day 15 in the cellular polarity of MCF7 cells
(Estrada et al., 2016).

4.5 Conclusion:

The quantification of exosome number is vital for exosome based biomarker research and
drug delivery application. For proteomic study based on exosomes, amount of protein
concentration is crucial. This chapter provided the information about the approximate number
of exosome and at which stage of cellular growth should be focused on for a given amount of
protein concentration or number of exosomes. The protein identification also provided
information about the strees related proteins that are secreted during different growth stages
form different cell line which suggested that regardless of cancer cell lines exosomal protein

secretion in stress showed good resemblance.
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Chapter 5:

Comparative proteomic study of different types of cancer

cells and exosomes:

5.1 Introduction:

In general, proteomics is the study of total proteins in a cell or tissue or even in a whole
organism (Blackstock and Weir, 1999). The term proteome was first used by Wasinger et al.,
1995 to describe the proteins identified from M. genitalium on a large scale, meaning to
define the entire proteome (Wasinger et al., 1995). The goal of proteomic study is gain a
more integrated and comprehensive view of funtinal biology (Graves and Haystead, 2002).
Proteomics has evolved since the post genomic era (Gupta et al., 2016). Since the
establishment of human genome, around 20,000 to 25,000 genes have been recorded (Naidoo
et al., 2011). Various genes encode different proteins which lead to many different
combinations of proteins in the human body. So, in addition to protein studies complement
studies of genes together allows a better understanding about the construction, function and
characteristic of many diseases including cancer (Pandey and Mann, 2000). Proteomics is a
versatile field evolved by the outcome of the changes in the genomics due to the changes in
cellular micro environment such as stress or disease (Doytchinova et al., 2003).
Understanding these dynamic processes will be important in understanding the mechanisms
of disease. One of the most important applications of proteomics is the discovery and
identification of biomarkers for disease (Jones et al., 2002). Proteomics discusses the
expression of proteins, interaction and functional state of proteins in cell, organism or organ
(Graves and Haystead, 2002). The one setback of proteomics is the lack of improved
analytical tools compared to genomics (Elrick et al., 2006). But since the human genome is
complete, the researcher are leaning towards proteomics to find out the best use of available
technologies to search for new protein based drug targets for cancer therapy. Proteomics
allowed the researcher to search for new biomarker or tumour markers to be used as
therapeutic or diagnostic tools (Wu et al., 2002). Several studies have suggested that, tumour
derived exosomes have the potential to be considered as cancer biomarker as they represent
part of the whole cellular proteome and their ability to carry out cancer promoting genetic or
signalling material that promote cancer progression (Turay et al., 2016). The advantages of

exosomes as biomarker are their stability and availability in most body fluids (Li et al., 2017).
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Tumour cells releases exosomes in their extracellular spaces containing genetic materials like
mMiRNA, proteins, nucleic acids and lipids which are sorted into them by the cells to
communicate with neighbouring cells (Tkach and Théry, 2016). Exosomes from neoplastic
cells contain a vast group of oncogenic molecules including proteins and microRNAs that
could pass the phenotype transforming signals to normal cells which leads to tumour
progression and metastasis (Valadi et al., 2007). For example, invasion and cell migration
were analysed within breast cancer cell lines with different metastatic potentials. Results
suggested that exosomes from MCF7 transfected with GFP-tagged Rab27b showed more
invasive properties than less metastatic MCF7 cells. The expression of Rab27b from
transfected MCF7 and highly metastatic breast cancer cell line MDA-MB-231was compared
and the result showed in both cells the expression of Rab27b was similar and up regulated
than the less metastatic MCF7 cell lines (Harris et al., 2015). In another study, it was found
out that MDAMB231 breast carcinoma cells and U87 glioma cells have the ability to induced
cancer characteristics in to normal fibroblasts by a protein enzyme cross link between
fibronectin and tissue transglutaminase (Antonyak et al., 2011). In addition, exosomes
preserve and protect the genetic meterials inside them from enymetic degradation and
function as a stable cargo for transferring genetic materials across cells which is very suitable
for biomarker research due to the ease of availability with compact physiological or
pathological information supplied by exosomes.

The goal of the chapter is to generalise a platform for exosomal proteomics from different
cancer cell line. Several proteomics studies have been documented the similarities and
differences of proteomics based on differenct cellular proteins. But a comparative and
generalised platform for exosomal proteomics from different cancer cell lines has yet to be
done. The basic aim of this chapter is to identify how similar or different are exosomes from
different sources, in this case differenet cancer cell lines which can be useful for biomarker

search in the long run.

5.1.1 Biomarker Discovery:

According to Biomarker Definition Working Group, biomarker is a characteristic that is
measured objectively as an indicator of normal biological processes, pathogenic process,
pharmacological responses to therapeutics (Atkinson et al., 2001). Body fluids pass through
tissues, containing proteins and peptides that indicate the status of the health. The ideal
biomarkers are those that are present in a diseased state and absent in healthy controls or vice

versa. In reality these biomolecules can be more than one or even a change in abundance of
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the marker or relative abundance between markers (Wu et al., 2002). Biological fluids such
as blood, urine, saliva etc. are considered as the better source of possible biomarkers
compares to tissues due to several factors which include ease of accessibility, avoiding risks
of invasive tissue sampling through biopsies, relatively cheap to obtain sample, availability of
monitoring based on multiple sampling, and the potential for large-scale, valuable
prognostic/diagnostic tests (Good et al., 2007). However, the detection of tissue-specific
biomarkers in body fluids requires identification of disease tissue-specific biomarker from
thousands of other proteins in circulation and also requires it to be secreted in the first place,
whereas tissue can be used to find tumour specific protein biomarkers directly from the
source (Shiwa et al., 2003).

5.1.2 Strategies in Proteome Research:

The qualitative and quantitative analysis of complex protein mixtures has become one of the
main topics in many laboratories worldwide. Several strategies have been employed for
protein analysis in proteomic studies; including bottom-up, top-down and more recently
appeared middle-down proteomics (Figure 5.1). “Bottom-up” proteomics is a method of
protein identification by characterization of amino acid sequences through proteolytic
digestion using mass spectrometry. When a bottom-up analysis is performed on a mixture of
proteins, it is called shotgun proteomics (Wolters et al., 2001; Yates, 2004), where the
biological sample is, firstly, digested by proteolytic enzyme (e.g. trypsin) that cleaves peptide
bonds of proteins at well-defined sites (lysine or arginine) to create peptide mixtures. The
generated mixture is separated by liquid chromatography (LC) and characterized by tandem
mass spectrometry (LC-MS/MS) (Link et al., 1999).

When the large peptide fragments in the range between 5-15kDa are produced by the
cleavage of rarely expressed amino acids or combinations of amino acid residues for MS
analysis such approach is called “middle-down” proteomics (Sidoli et al., 2015). Studies of
such large peptide fragments may give advantages, such as information about post
transitional modifications (PTMs) and high sequence coverage, and relatively short peptide
chain can be easily separated and ionized compare to the intact protein analysis.

Another strategy called “top-down” proteomics uses mass spectrometric analysis in order to
characterize intact proteins from complex biological mixtures without any digestion to
peptides. Analysis by two-dimensional (2D) gel electrophoresis is one of the examples of top
down proteomics (Tran et al., 2011).
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Figure 5.1: Different strategies and methods used in proteomics (Massion and Caprioli,
2006).

5.1.3 Methods Used in Proteomic Study:

In cancer research there are two techniques have been used frequently in expression
proteomics such as two dimensional gel electrophoresis (2D) based multidimensional
chromatography and other one is protein chips such as SELDI (Surface-enhanced laser
desorption/ionization) protein chips systems (Wu et al., 2002).

In this chapter, a comprehensive proteomic study of exosomes from lung cancer cells H358,
breast cancer cells MCF7 and leukemic cells THP1 has been carried out in two different
ways. Firstly, a proteomic study was carried out between exosomes derived from three cancer
cells by 2D gel electrophoresis and secondly, due to the low abundance of proteins in 2D gel,
comprehensive and comparative proteomic study of exosomes derived from three cancer cells
was carried out by LC-MS. A complete workflow of gel based proteomics is described in
figure 5.1. In proteomics, proteins can be separated based on their pl, the pH and molecular
weight by processes such as 2D gel electrophoresis and chromatography. The experimental
design in proteomics often involves separating protein using 2D gel electrophoresis in a
comparable system and quantifies the amount of protein in each sample by the density of
staining of each respective protein bands. The 2D gel electrophoresis has a high resolving

capacity of separating protein from mixture of protein samples (You and Wang, 2006). It
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separates proteins in two steps. In the first step, the proteins are separated by their pl, the pH
at which the proteins carry no net charge and will not migrate in the electrical field anymore.
This process is called the isoelectric focussing (IEF) (Rabilloud and Lelong, 2011). In the
next step, proteins separated in the IEF step are further resolved by their molecular weight in
SDS-PAGE gels. The gel from the second step can be stained by using coomassie or silver
staining and the protein spots of interest can be excised from the gel and further proceed by

mass spectrometry analysis (You and Wang, 2006).

In 2D gel electrophoresis, the success of protein separation largely depends on the balanced
sample preparation (Rabilloud, 2009). Proteins can be extracted from various biological
fluids including urine, saliva, milk or either from tissue or cells using lysis buffer (Wu et al.,
2002). In proteomic analysis solubilisation of the whole protein is a challenge itself. It must
solubilise quantitatively whole protein without any modification in the whole process. It
should also be compatible with the first separation and must eliminate all contaminating
factors which could affect the IEF run and most importantly must not alter the net charge of
the proteins (Rabilloud and Lelong, 2011). The choice of a lysis buffer which would extract
total protein from tissue or cells without any modification to the protein is very difficult.
There are various factors should be considered before choosing the lysis buffer which
includes pH, ionic strength, detergents and denaturants and constituents to be added to
prevent proteolysis of proteins (Peach et al., 2012). For extraction of proteins the chosen
buffer must disrupts hydrophobic interaction, break the hydrogen as well as disulphide bonds,
avoid unwanted aggregation and formation of secondary structures which would hamper the
movement in the IEF (Harry et al., 2000; Lisacek et al., 2001). After preparation of the
sample, next step is the protein separation. Proteins are separated by isoelectric focusing
(IEF) with different pH gradient for the first dimension and then sodium dodecyl sulphate
poly-acrylamide gel electrophoresis (SDS-PAGE) for the second dimension. The IEF is
performed using a pH gradient strip with narrow or broad pH range containing urea, CHAPS,
acrylamide, NP-40 and ampholytes. During the IEF process, protein migrates up to its pl in
the gradient strip. After the IEF, the strips needs to be equilibrated immediately with buffer
containing SDS, glycerol and DTT for the first equilibration and similar buffer with
iodoacetamide for the second equilibration. After the equilibration the pH gradient strips are
loaded on to a poly-acrylamide gel and proteins are then separated based on their molecular
weights (Wu et al., 2002).
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5.2 Methods and Materials:
5.2.1 Preparation of Sample for 2D Gel:

As described before sample preparation is the key step which is related to successful 2D gel
analysis. Protein was extracted using RIPA buffer as described previously in section 2.4 in
chapter 2. The protein concentration was determined by using Bradford assay also described
in chapter 3. Then 250ug of protein was diluted with 150l of rehydration buffer (8M Urea,
2% CHAPS, 0.5% Ampholytes, 0.002% Bromophenol blue) and sonicate for 5 minutes prior
to load in gel.

5.2.2 Two Dimensional Gel Electrophoresis:
5.2.2.1 First Dimensional Separation:

The technique of 2D gel electrophoresis involves several steps starting with isoelectric
focussing. 150ul (250ug protein) of the sample was loaded gently into the ZOOM focussing
tray without introducing any air bubbles. The IPG strip from Invitrogen (Fisher Scientific)
was taken out of the freezer 15mins prior to use just to equilibrate the temperature. Strips
were peeled off from its plastic covering and held the negative side of the strips and pointed
the printed side down; the gel was carefully slide inside the focussing tray. At this moment
the gel side was faced up. Then the two openings of the focussing tray were sealed with
coverings provided by the manufacturer. The focussing tray was then incubated for one hour

at room temperature.

After the incubation, the protector of the focussing tray was peeled off and two electrode
wicks were placed in both positive and negative side. The tray was then placed inside the
SureLock mini cell (Invitrogen) with 600ml pure deionised water. The water was pour down
into the outer chamber carefully without allowing any water to go into the inner chamber.
The IEF was performed by gradient voltage as described by the manufacturer with slight
optimisation. The voltage was started with 200V for the first 30 minutes then gradually
increased to 3000V with 250V every 20 minutes for up to three hours with a constant current
of 150mA.

5.2.2.2 Second Dimensional Separation:

On completion of the IEF, the sample was taken to the equilibration steps immediately. In the
first equilibration samples were incubated with equilibration buffer 1 (50 mM Tris-HCI (pH
8.8), 6 M urea, 30% glycerol, 2% SDS, 0.002% Bromophenol blue, 1% DTT), for 15mins
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with gentle shaking. After 15mins the spent buffer was discarded and the equilibration buffer
2 (50 mM Tris-HCI pH 8.8; 6 M urea, 30% glycerol, 2% SDS, 0.002% Bromophenol blue)
was added and again incubated for 15mins. At this point the SDS gel was taken out of the
fridge to equilibrate with the room temperature. After the incubation, the IPG strips were
washed in the running buffer just to remove any residual SDS and immediately slide into the
SDS gel for the second dimension separation. The gel was then put inside the SureLock mini

gel tank and the gel run was performed at constant voltage of 200V for 45min.

5.2.3 Sample Preparation for LC-MS (University of York):

For LC-MS, exosomes were isolated from 200ml of cell culture supernatant by using in-
house polymer solution (40% PEG-8000 solution) described in chapter 3, section 3.2.4. The
resulting pellet was then lysed by using 0.5ml RIPA buffer with 1mM of PMSF by
incubating 30mins on ice with occasional vortex and sonication (Thermo Fisher) of 10 sec
pulse 2/3 times, every 10 minutes. After that the lysate was collected in a sterile Eppendorf
tube by centrifugation at 14000g for 15mins at 4°C using Mikro 200R centrifuge. The lysate
was then concentrated by amicon ultrafiltration tubes with a 0.5kDa molecular cut off
following the manufacturer’s protocol. Protein concentration was measured by Bradford
assay method. The protein samples were then prepared for protein identification by MS in

University of York.

100ug of protein from each exosome sample of three cancer cells were diluted with sample
buffer and heated at 95°C for 5 minutes in DiziBlock heating system and run on a 12%-4%
poly acrylamide gel for 6 minutes. After that the gel is washed with deionized water for
5mins to remove any residual SDS, fixed for 10mins with fixing solution, stained with
coomassie blue and destained. The bands from the gel were then cut into pieces and put into
sterile Eppendorf tube and sent to University of York for protein identification. Protein
samples were digested by trypsin and analysed by LC-MS system in university of York. The
protocol they followed is given below:

5.2.3.1 Digestion (University of York):

The digestion step was carried out at the University of York. In-gel tryptic digestion was
performed after reduction with dithioerythritol and S-carbamidomethylation with
iodoacetamide. Gel pieces were washed two times with aqueous 50% (v/v) acetonitrile
containing 25 mM ammonium bicarbonate, then once with acetonitrile and dried in a vacuum

concentrator for 20 min. Sequencing-grade, modified porcine trypsin (Promega) was

88



dissolved in 50 mM acetic acid, then diluted 5-fold with 25 mM ammonium bicarbonate to
give a final trypsin concentration of 0.02ug/pL. Gel pieces were rehydrated by adding 25uL
of trypsin solution, and after 10 min enough 25 mM ammonium bicarbonate solution was
added to cover the gel pieces. Digests were incubated overnight at 370C. Peptides were
extracted by washing three times with aqueous 50% (v/v) acetonitrile containing 0.1% (v/v)
trifluoroacetic acid, before drying in a vacuum concentrator and reconstituting in aqueous
0.1% (v/v) trifluoroacetic acid. A common sample pool was created by taking equal aliquots
of all samples.

5.2.3.2 LC-MS/MS anlysis at University of York:

Samples were loaded onto an UltiMate 3000 RSLCnano HPLC system (Thermo) equipped
with a PepMap 100 A C18, 5 um trap column (300 pm x 5 mm Thermo) and a PepMap, 2
um, 100 A, C18 EasyNano nano-capillary column (75 pm x 150 mm, Thermo). The trap
wash solvent was aqueous 0.05% (v/v) trifluoroacetic acid and the trapping flow rate was 15
pL/min. The trap was washed for 3 min before switching flow to the capillary column.
Separation used gradient elution of two solvents: solvent A, aqueous 1% (v/v) formic acid;
solvent B, aqueous 80% (v/v) acetonitrile containing 1% (v/v) formic acid. The flow rate for
the capillary column was 300nL/min and the column temperature was 40°C. The linear multi-
step gradient profile was: 3-10% B over 7 mins, 10-35% B over 30 mins, 35-99% B over 5
mins and then proceeded to wash with 99% solvent B for 4 min. The column was returned to

initial conditions and re-equilibrated for 15 min before subsequent injections.

The nanoLC system was interfaced with an Orbitrap Fusion hybrid mass spectrometer
(Thermo) with an EasyNano ionisation source (Thermo). Positive ESI-MS and MS2 spectra
were acquired using Xcalibur software (version 4.0, Thermo). Instrument source settings
were: ion spray voltage, 1,900 V; sweep gas, 0 Arb; ion transfer tube temperature; 275°C.
MS1 spectra were acquired in the Orbitrap with: 120,000 resolution, scan range: m/z 375-
1,500; AGC target, 4e5; max fill time, 100 ms. Data dependant acquisition was performed in
top speed mode using a 1 s cycle, selecting the most intense precursors with charge states >1.
Easy-IC was used for internal calibration. Dynamic exclusion was performed for 50 s post
precursor selection and a minimum threshold for fragmentation was set at 5e3. MS2 spectra
were acquired in the linear ion trap with: scan rate, turbo; quadrupole isolation, 1.6 m/z;

activation type, HCD; activation energy: 32%; AGC target, 5e3; first mass, 110 m/z; max fill
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time, 100 ms. Acquisitions were arranged by Xcalibur to inject ions for all available

parallelizable time.

5.2.3.3 Data Analysis at University of York:

Peak lists were converted from centroided .raw to .mgf format using MSConvert
(ProteoWizard 3.0.9967). Mascot Daemon (version 2.5.1, Matrix Science) was used to search
against the human subsets of the UniProt database (20,261 sequences; 11,330,198 residues)
using a locally-running copy of the Mascot program (Matrix Science Ltd., version 2.5.1).
Search criteria specified: Enzyme, trypsin; Fixed modifications, Carbamidomethyl (C);
Variable modifications, Oxidation (M), Deamidation (N,Q), GIn->pyroGlu (N-term Q), Glu-
>pyro-Glu (N-term E); Peptide tolerance, 3 ppm; MS/MS tolerance, 0.5 Da; Instrument, ESI-
TRAP. The Mascot .dat result file was imported into Scaffold (version 4.7.5, Proteome

Software) and a second search run against the same databases using X!Tandem.

Peptide identifications were accepted if they could be established at greater than 5.0%
probability to achieve an false discovery rate (FDR) less than 1.0% by the Scaffold Local
FDR algorithm. Protein identifications were accepted if they could be established at greater
than 96.0% probability to achieve an FDR less than 1.0% and contained at least 2 identified
peptides. Protein probabilities were assigned by the Protein Prophet algorithm (Nesvizhskii
et al., 2003). Proteins that contained similar peptides and could not be differentiated based on
MS/MS analysis alone were grouped to satisfy the principles of parsimony. Proteins sharing

significant peptide evidence were grouped into clusters.

Spectral counting-based relative quantification and statistical testing were performed in
Scaffold. Pair-wise comparisons were made using total spectral counts with the probability
of difference calculated using Fisher’s exact test. A multi-way comparison of all sample
groups was performed by ANOVA of normalised spectral counts. In both cases a Hochberg
and Benjamini multiple-test corrected p-value threshold of <0.05 was applied for acceptance

of significant difference.
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5.3 Results:

5.3.1 Comparative Proteomic Study between Cancer Cells:

The 2D gel electrophoresis was developed to optimise the methodology for comparative
pegteomic study of exosomal proteins. Since this was a development stage no biological
replicates were performed. Initially cellular proteins were used to carry out 2D gel
electrophoresis due to the high number and abundance of proteins. Results showed that high
numbers of protein spots are visible in MCF7 cell followed by THP1 cell and least protein
spots are visible in H358 cell. In THP1 cell (Figure 5.4) most protein spots and highly
abundant proteins are clustered in the lower pl ranges between 3-6 and molecular weights
ranges from 10kDa and 55kDa. In case of MCF7 most protein spots are found to be in lower
to mid pl range (3-7) and aggregated near approximately pl 6 and molecular weight of
proteins lies between 15KDa and 100KDa. In case of H358 cell protein spots are less than
other two cells and most proteins are observed in higher pl (7-10) and molecular weight
ranges from 35KDa to 30KDa.

Figure 5.4: Two dimensional gel electrophoresis of cellular protein from H358, MCF and
THP1 cell lines. The arrows on top of the gels represent the pl range from 3 to 10.

91



5.3.2 Comparative Proteomic Study of Exosomes by 2D Gel
Electrophoresis:

The exosomal proteins derived from three cell lines did not show much difference than the
2D gel from cellular proteins however the spot density was much less due their low
abundance of proteins compared to cell lines. However, the 2D gel from exosomes were
resembling in appearanceel with the cellular 2D gel where, visually, THP1 and MCF7 cell
derived exosome contain the highest number of protein spots followed by the least in
exosome derived from H358 cell. The molecular weight of protein spots and the pl are also in
line with cellular proteomics. In THP1 more protein spots can be seen within the range of
15kDa to 70kDa and mostly found in lower pl (Figure 5.5) whereas in MCF7 more protein
spots densely reside around pl 6 and the molecular weight ranges from 35KDa to 100KDa
(Figure 5.5). In case of H358 cell few highly abundant proteins spots are present in higher pl
and higher molecular weight above 70kDa (Figure 5.5). Some protein spots can be seen as
differential abundance such as in case of MCF7, only 3spots were visible between 25kDa and
35KDa (Figure 5.5 spots M1, M2 and M3) are more abundant than THP1 (Figure 5.5 and
spots T1, T2, T3) and large protein spot in H358 around 80KDa which is absent in THP1 and
MCF7 derived exosomes. Due to the low number of visible protein spots in 2D gel analysis
as well as the clustering of spots which made it even more difficult to isolate protein spots,
LC-MS approach was taken to study comparative proteomic studies between these cells
derived exosomes. Since 2D gel method was aborted and moved to LC-MS based

proteomics, no biological or technical replicated were carried out.
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Figure 5.5: Two dimensional gel electrophoresis of exosomal proteins derived from H358
MCF7 and THP1 cell lines. The arrows (Red and yellow) represent the spots present in H358
and MCF7 cell derived exosomes respectively which are not in THP1 cell derived exosomes.

5.3.3 Proteins Identified from exosomes by LC-MS:

Proteins were identified by the shotgun service in University of York. Scaffold (version
Scaffold_4.7.2, Proteome Software Inc., Portland, OR) was used to validate MS/MS based
peptide and protein identifications. Peptide identifications were accepted if they could be
established at greater than 25.0% probability to achieve an FDR (False Discovery Rate) less
than 1.0% by the Scaffold Local FDR algorithm followed by protein identifications where
they could be established at greater than 99.0% probability to achieve an FDR less than 1.0%
and contained at least 2 identified peptides. Protein probabilities were assigned by the
Protein Prophet algorithm. Proteins that contained similar peptides and could not be
differentiated based on MS/MS analysis alone were grouped to satisfy the principles of
parsimony. Proteins sharing significant peptide evidence were grouped into clusters. Proteins
were annotated with Gene ontology. A total of 1596 proteins were identified (Appendix;
Table 1) with a 0.9% FDR for peptide and 99% of at least 2 peptide match threshold. A total
of 889 proteins were identified from H358 exosomes, 1175 were identified from THP1
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exosomes and 1281 proteins were identified from MCF7 exosomes. Among all the proteins,
613 are shared by all exosomes from all three cells shown in the Venn diagrams (Figure 5.6).
However, exosomes from MCF7 cell lines have the highest number of proteins (210 proteins)
that are not shared by other two exosomes. In addition, H358 shared 75 and 65 proteins with
MCF7 and THP1 respectively with a total of 136 exclusive proteins. MCF7 and THP1, on the
other hand shared a total of 313 proteins between them and has 210 and 114 number of
proteins respectively exclusively in MCF7 and THP1. Detail lists of all the proteins that are
individually present in H358, MCF7 and THP1 respectively are listed in table 2, 3 and 4 in

appendix.
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Figure 5.6: Venn Diagrams of common and uncommon proteins distribution between three
cancer cell exosomes. The pink circle represents the proteins identified in exosomes
fromH358 cell line, blue circle is for THP1 cell and green circle represent proteins identified
from MCF7 cell derived eoxosomes.

5.3.4 Functional analysis of exosomal proteins:

All the identified proteins were subjected to gene ontology (GO) by Scaffold software to
obtain the information about the functions and origin of the proteins. All the identified
proteins across three exosomal samples were categorised in three different groups depending
on their nature and function: biological process (Figure 5.7), cellular compartment (Figure
5.8) and molecular function (Figure 5.9). It should be noted that, each single protien was
assained in multiple functions. For example, laminins, integrins, catenins were grouped in
biological regulations, cellular process, growth and deveopments as well as localisation. In
biological regulation, more than 93% are involved in cellular process such as cellular
compartment organization, macromolecular complex assembly protein complex assembly
etc., an average of 76.42% were found to be involved in biological regulation including
cellular adhesion, positive and negative regulation of cytokine production etc., around 57%
were involved in response to stimuli and only 9.7% were involved in cellular adhesion. At
least two proteins shared by all three exosomes were found to be involved in cellular killing.
Most of the proteins identified from exosomes were cytoplasmic proteins and intracellular
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organelle proteins (76%), whereas extracellular (31%) and intracellular organelle (38%)
proteins were evenly distributed. However, despite identifying such a high percentage
cytoplasmic, intracellular and extracellular matrix proteins, the analysis also identified
proteins associate with ribosome, Golgi apparatus, mitochondria, endoplasmic reticulum.
Proteins from various functional categories were also identifies in the LC-MS analysis. An
average of 88% of the identified proteins was found having various molecular functions and

within these, a total of 72 proteins were found involved in transport activity (Figure 5.7).

The proteomic analysis also identified some renowned exosomal marker proteins listed in
ExoCarta (http://www.exocarta.org/) which include CD81, CD9, CD82, Actin, beta Actin,
Annexin Al, A5 etc. 10 members of the tumour associated protein integrins were identified
across three cancer cell derived exosomes where only integrin beta-1 is present in all three
exosomes however, integrin alpha-3 is only present in H358 and integrin alpha-5 is only
present in THP1. Several tumour marker proteins were also identified such as B2M which is
declared as a marker protein for leukaemia by the national cancer institute was only present
in THP1 cell derived exosomes, BRCAL was only present in exosome released by in MCF7
cells which is a marker protein for breast cancer and laminin for lung cancer which is present
in exosome derived from H358. Among the shared proteins between all three exosomes (613
proteins) there were some tumour associated proteins like integrins, actin, galectin, cluster of
talin, tsg101 (Table 5.1).

Biological Process (%)

callular process
biological regulation
metabolic process
response to stimulus
response to stress
localisation

immune system process
developmental process
locomotion

biological adhesion
growth

cell killing

o
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Figure 5.7: Proteins involved in biological process. Gene ontology of biological process was
assigned by Scaffold software.
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Figure 5.8: Function detailed in pie chart for the identified proteins for all the three
exosomes. Gene ontology of cellular componenet was assigned by Scaffold software.
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Figure 5.9: Association of the identified proteins in cellular compartments. . Gene ontology
of molecular function was assigned by Scaffold software.
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Table 5.1: Partial list of proteins with their functions relative expression with each other in
exosomes from three cancer cell lines is shown in table below.

Relative Fold Changes

Functions Proteins Accession number
Cellular Cadherin-1 CDH1_HUMAN 12.0 -1.2 -15
Adhesion

Vinculin VINC_HUMAN

Cathepsin D CATD_HUMAN

Plasminogen PLMN_HUMAN

Talin TLN1_HUMAN 6.1 -33 -1.8

Cellular

Transport
Importin subunit beta 1 IMB1_HUMAN -4.3 -7.1 1.64

4F2 cell-surface antigen heavy chain 4F2_HUMAN 1.12 1.9 *4.0

Desmoplakin DESP_HUMAN 1.27 3.1 3.9

Apoptosis

Tubulin beta chain TBB5_HUMAN -3.0 -3.5 1.18

Pyruvate Kinase PKM KPYM_HUMAN

growth

Transketolase TKT_HUMAN -1.3 . -1.0

Histone H4 H15_HUMAN

Cellular
Signalling

Agrin AGRIN_HUMAN




Transitional endoplasmic reticulum ATPase SFXN1_HUMAN -24 -34 1.38
Gelsolin GELS_HUMAN -2.4 1.09 -2.7
Cellular Annexin A5 ANXA5_HUMAN -1.8 1.32 2.4
Communicatio
0 60kDa Heat Shock protein CH60_HUMAN -1.8 -2.2 -2.0
Tumour Tumour protein D52 TACD2_HUMAN -1.9 -3.5 35
associated
. Tumour protein D54 TPD54_HUMAN -2.0 -2.7 1.33
proteins
Heat Shock Cognate 70 HSP70C_HUMAN -2.0 -2.4 1.2
Response Tetranectin TETN_HUMAN -1.6 1.74 -2.7
to stimulus Elongation factor 2 STMN1_HUMAN 2.1 2.3 -1.2
Complement C3 CO3_HUMAN -1.1 1.4 -1.6
Exosomal CD81 CD82_HUMAN -4.0 -4.0 1.0
marker
. CD9 CD9_HUMAN 3.00 -2.1 6.33
proteins -

5.3.5 Comparison between H358 and THP1:

Proteomic profile of exosomes derived from lung cancer cell line H358 was then compared
with exosomes derived from leukemic cell line THP1. Amongst 889 proteins from H358 and
1175 proteins from THP1 which resulted from the database searching with MS/MS data, 678
proteins were common between them. However, only 65 proteins were exclusively shared by
H358 and THP1. Apart from the shared proteins, 136 and 114 proteins were exclusively
identified from H358 and THP1 cell derived exosomes respectively. Interestingly, the results
from these two exosomes are enriched with many proteins common to exosome studies up to
date. For example, the tetraspanins (CD9, CD81, CD44), proteins involved in the ESCRT
machinery such as TSG101, vacuolar protein sorting-associated proteins (VPS25, VPS26A,
VPS29 and VPS35). Other common exosomal proteins such as Rabs, Raps, annexin,
cytoskeletal proteins, were also identified. Among them shared protein only in H358 and
THP1, there were two exosomal marker proteins annexin (Al and A4) and one member of
the tetraspanin (CD44) family proteins was identified. Eight proteins has been found to be
involved in biological adhesion, 47 proteins are involved in biological regulation. Two
proteins were identified showing cellular killing. A total of 26 proteins were found to be

involved in immune response. Several cellular adhesion proteins are up regulated in H358
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exosomes compared to THP1. For example, catenin beta-1, cadherin-1 was upregulated in
H358 by 2.5 and 12 fold higher respectively in H358. In addition, several proteins involved in
cellular transport are down regulated. For example, Importin subunit beta 1 was
downregulated in H358 by 4.3 fold. On the other hand, 4F2 cell-surface antigen heavy chain,
protein S100-A6 were up regulated in H358 by 1.12 and 1.67 fold respectively. Four proteins
function as apoptosis proteins identified between H358 and THP1 exosomes were up
regulated in THP1. In addition, two exosomal marker was shared between THP1 and H358
including CD9 and CD81. CD9 was 3 fold up regulated in H358 while CD81 was 4 fold up
regulated in THP1 (Table 5.1).

5.3.6 Comparison between MCF7 and H358:

Next, the comparison was carried out between the lung cancer cell H358 and Breast cancer
cell MCF7. Investigation on the proteomic profile of H358 and MCF yielded a total of 688
proteins shared between them, which also include the similar common exosomal proteins.
However, 75 proteins were exclusively shared between H358 and MCF7. No exosomal
markers were shared exclusively in H358 and MCF7. But 15 proteins exclusively present in
H358 and MCF7 has been identified with cellular adhesion function while 55 of them are
involved in biological regulations. No proteins were found exclusively, involved in cellular
killing. Proteins involved in cellular adhesion such as catenin beta 1, integrin beta 1,
cathepsin D were up regulated in H358. However, cadherin 1 was upregulated in MCF7. 4F2
cell surface antigen, a transport protein which is also involve in cellular communication was
up regulated more than 1 fold in H358 importin alpha 1, another protein involved in cellular
transport as well as cell communication was up regulated in MCF7. Protein related to
apoptosis such as Rab-11B was up regulated by 8 fold in MCF7. Nonetheless, proteins
involved in cellular growth such as apolipoprotein E, histone H4 was up regulated in H358.
Exosomal marker proteins CD9 and CD81were both up regulated in exosomes derived from
H358 (Table 5.1).

5.3.7 Comparison between MCF7 and THP1:

In case of the leukemic cell THP1 and Breast cancer cell MCF7, a total of 383 proteins were
shared. Furthermore, expression of proteins associated with metastasis e.g. cadherin, intergrin
B1, histocompatibility, ecto-neucleotidase were lower compared to THP1. Proteins involved
in cellular response for example, tetranectin, complement C3 was down regulated in MCF7.

Exosomal marker proteins CD9, CD8L1 as well as annexin A5 was higher in MCF7 compared
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to THPL. Proteins involved in cellular signalling, for example, agrin was up regulated in

MCF7 while gelsolin was up regulated in THP1.

5.3.8 Protein network and KEGG pathway analysis:

STRING online database was used to analyse the protein network and KEGG pathway
analysis was also performed to evaluate the significant pathways involved in the overlapped
exosomal proteins. Figure 5.10 showing the cross networking of overlapped proteins between
all exosomal samples. The nodes denote each protein, involved in the network and the
thickness of the edge indicates the confidence of the protein-protein interaction the thickness
of the line indicates the confidence of the protein-protein interaction. To understand the
protein-protein interaction network, the overlapped proteins were subjected to STRING for
network analysis (Figure 5.10). The thicker the edge the more interactive the proteins are.
Proteins from the heat shock family (HSPA1A, HSPA4, and HSPAS), phosphogycerate
kinase 1, plastin 2, members of the Ras family proteins, actin family proteins, methionine
amipeptidase, catenins, cadherins are involved in most protein linkage. The KEGG pathway
analysis was performed on the exosomal proteins from three cancer cells showing a p-value
less than 0.05 resulting 58 pathways. The most number of proteins involved a pathway is the
focal adhesion (29 proteins), followed by spliceosome (28 proteins) and proteasome (27
proteins). Proteins were also enriched in pathways such as ECM-receptor interaction (23
proteins), proteoglycans in cancer (20 proteins) etc. 16 proteins were involved in pathways in
cancer including fibronectin 1, catenin alpha 1 and 2, beta 1, fumarate hydratase, cadherin
etc. Signalling pathways reported to be involved in cancer has also been detected by the
KEGG analysis. For example Akt-signalling pathways (15 proteins), Rapl signalling
pathways (7 proteins), HIF-1 signalling pathways (13 proteins). Several proteins indentified
in this study were involved in more than one pathway. For instance, CDH1, CTNNBL,
TGFB2, several family members of laminin (alpha 3,5; beta 1,2,3, gamma 1,2,3), integrin
alpha 5 and 6, family members of the histone family proteins, cathepsin D and cathepsin G
are involved in sevarl pathway including Akt signalling, focal adhesion, Rapl signalling,
HIF-1 signalling, pathways in cancer, endometrial cancer, thyroid cancer. A list of the

pathways involved is shown in figure 5.11.
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Figure 5.10: Network analysis of the proteins with differential expression level (p <0.05)
within the exosomes from three cancer cells. The protein network was drawn by STRING
online database. The thickness of the connecting line represents the strength of the
associations. Here, each node represents a protein and the line represents the
interaction between the proteins. A thicker or darker line between nodes indicates
stronger interaction and lighter line indicates weaker interaction.
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Figure 5.11: KEGG Pathways detected by STING software. The FDR value is normalised by
using —log10. The pathway was generated using the shared proteins of exosomes from three
cancer cell lines used with a p value of less than 0.05. Pathways shown in the figure are with
the lowest FDR for each pathway.

5.3.9 Comparative proteomic analysis:

In this proteomic study, exosomal proteins from three different cells showed different
expression level. Within the 613 shared proteins, 11 proteins from H358 exosomes including
exosomal marker protein Annexin Al, tumour marker protein Laminin subunit beta-3,
gamma-1 showed higher expression than other two samples while 67 number of proteins
from H358 showed lower expression than THP1 and MCF7 cell derived exosomes. Similarly,
a total of 32 and 49 number of proteins showed higher expression originated from THP1 and
MCF7 exosomes respectively. Interestingly, some cancer marker proteins showed different
expression in exosomes from three cancer cells. For example, proteins like interstitial
collagenase (MMP1), cartilage oligomeric matrix protein (COMP), complement component
(C9) are biomarkers for lung cancer cell are only present in lung cancer cell H358 and not in
THP1 and MCF7. Regulation of metastatic cancer proteins like CD44, ezrin were higher in
H358 and THP1 than MCF7. Interestingly, another metastatic protein cortactin was only
present in MCF7.Furthermore only 3 and 5 proteins were under expressed in THP1 and
MCF7 exosomes respectively. The expression level of all the shared protein with a fold
change of minimum 2.0 and p value of less than 0.05 were included in the heat map using
RStudio (Figure 5.12). As all experiments were carried out in triplicates, average of

independent results were included in the heat map.
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Figure 5.12: Heat map of exosomal proteins from three cancer cells with different expression
level was generated by using R. Hierarchical clustering was also plotted showing the
expression difference of exosomal proteins. In both cases triplicates with p<0.05 were used
for the protein clustering. The column Z score represents the expression from green to red (-2
to 2). Expression is higer from black to green and expression is lower from black to red.
Here, HEX, TEX and MEX represent protein expression from exosomes of H358, MCF7 and
THP1 cell lines. The heatmap is generated using RStudio.
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5.4 Discussion:

Comparatives proteomics of exosomal proteins coupled with LC-MS from cancer cells,
enables to isolate and identify novel low abundant biomarkers for cancer (Duijvesz et al.,
2013). Exosomes are very small, nano sized diameter vesicles originating from the late
endosome (Jiang, Wang, et al., 2015), which gained much interest in the proteomic field due
to the presence of tumour specific antigens which can be used as a diagnostic or therapeutic
tools (Lin et al., 2015). Exosomes have been exploited as a good source in biomarker
discovery because of the availability in different body fluids and also the difference in their

proteomic profile from their counterpart normal cells (De Bock et al., 2010).

In this study, exosomes were isolated from conditioned cell culture medium using PEG based
polymer (described in chapter 3.2.4). Both gel electrophoresis and liquid chromatography
based approach have been applied to perform exosomal proteomics from three different
cancer cell lines including highly metastatic cell lung cancer cell line H358, leukaemia cell
line which is a suspension cell line and less metastatic breast cancer cell line MCF7. To
optimise the 2D gel electrophoresis methodology cellular proteins were used because of the
high abundance of proteins in cell and protein spots obtained in these three cell lines (Figure
5.4 and 5.5) are visually comparable to results obtained by other researchers (Mears et al.,
2004; Zhou et al., 2006).

For exosomal proteomics, 2D gel electrophoresis method was applied which resulted few
protein spots due to the low of protein abundance in exosomal samples (Abramowicz et al.,
2016). Similar approaches have been seen in a study carried out by Bosque, A. et al, 2016
where comparative proteomic study between tumour Jurkat T cells and normal human T cell
blasts resulted few proteins in their 2D approach for exosomal proteins while a much more
complex proteome for cellular proteins. Furthermore, the difficulty of performing traditional
2D gel based proteomics on exosomal proteomics has been reported in several exosomal
studies (Bosque et al., 2016). Due to the restricted use of ionic detergent which makes lysis of
exosome samples very hard, extensive time consuming and requirement of expensive
equipment for greater resolution and detection (Granvogl et al., 2007). However, gel analysis
showed some differential protein spots in the exosomes of these three cell lines. Although the
number of spots obtained in 2D gel electrophoresis from exosomal proteins were low but
comparable with the results from LC-MS of exosomal proteins. For example, the number of
spots detected by 2D gel electrophoresis was THP1, MCF7 and lastly H358. Similarly in LC-
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MS, the most number of proteins were identified from MCF7 and THP1 followed by the

lowest one H358.

For many years, mammalian cell lines isolated from various origin have been used
extensively in vitro to identify the similarities and differences between various cancers which
revealed vital information about the origin of the tumour as well as the biological functions of
those proteins involved in cancer (Geiger et al., 2012). Since exosomes represents portion of
the parent cell proteome, comparative proteomics of exosomes from different cancer cell
lines will shed light into shared and unique features of different cancers (Mathivanan et al.,
2010). In this study, exosomes were isolated from conditioned cell culture medium using
PEG based polymer. In addition, it was further supported by the guidelines of International
Society for Extracellular Vesicles (ISEV). According to ISEV, the exosomes preparation
should contain at least one or more protein from transmembrane or lipid bound extracellular
proteins, cytosolic proteins and absence of the proteins from endoplasm origin (L6tvall et al.,
2014). More than three proteins from the guidance of the ISEV were identified in this
proteomic study. Here, LC-MS based proteomic approach has been applied to perform
exosomal proteomics from three different cancer cell line including highly metastatic cell
lung cancer cell line H358, a metastatic acute monocytic leukaemia cell line THP1 and a less
metastatic breast cancer cell line MCF7. The goal of this study was to evaluate the
differences between the exosomes secreted from three different cancer cell lines by analysing

their proteomic contents which play an important part in the cellular communication.

LC-MS based proteomic was successfully performed on three exosome samples derived from
three different cancer cell lines, yielded over 1596 proteins (Appendix; Table 1). Among
these, 889 proteins were detected in H358 derived exosomes, 1281 proteins were present in
the exosomes derived from MCF7 cell line, THP1 cell derived exosomes resulted 1175
proteins. Protein yield was a little higher than previously published papers, for example 591
proteins were identified from the exosomes of human embryonic kidney cells by using PEG
based solution for exosome isolation (Rider et al., 2016). In another proteomic study carried
on two prostate cancer cell lines a total of 385 number of proteins were identified (Duijvesz
et al.,, 2013). Among all the identified proteins in this study, presence of some exosomal
marker proteins like CD81, CD82, CD9, Hsp70, Tsgl01, Programmed cell death 6-
interacting protein (ALIX), Annexin were identified. Interestingly, one of the most
commonly used exosomal marker protein CD63 was only detected by western blot analysis

(Chapter 3.3.4). Even though CD63 is considered as one of the most commonly used
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exosome marker along with CD81 and CD9, several studies have had difficulties identifying
CD63 from exosomal protein by LC-MS based proteomics but it was detected by western
blot analysis. For example, proteomic study between tumoral Jurkat cell derived exosomes
and normal human T cell blasts CD63 was only detected by western blot analysis (Bosque et
al., 2016). In another study on B-cell exosomes, CD63 was not detected by the LC-MS
method but was detected by western blot (Buschow et al., 2010). The absence of an
individual protein can occur due the difference in protein purification from exosomes,
methodology used in LC-MS analysis and also principal used in data processing (Duijvesz et
al., 2013). In addition, due to the high glycosylated nature of CD63 it is difficult to detect any
identifiable peptide. Furthermore, the high threshold set for this proteomic study (96% for
peptide 1.0% FDR and at least 2 peptide match) a peptide from a highly glycosylated protein
is very difficult to detect (Chertova et al., 2006).

Tumour protein such as tumour associated calcium transducer, tumour protein D54 and D52
were also identified from the exosomes from all three cells where D52 was over expressed by
at least 3 fold in MCF7 exosomes (Table 5.1) several reports have suggested the involvement
if D52 in tumour progression (Li et al., 2006; Xia et al., 2014). D52 is a protein involved in
regulation of cellular growth and proliferation. Over expression of D52 has been observed in
several reports. For example, up regulation of D52 was observed in prostate cancer where it
worked in cellular proliferation and promoted tumour progression via integrin mediated
B/Akt signalling pathweay (Ummanni et al., 2008). Several proteins found to be involved in
invasion and angiogenesis were also identified which includes, catenin beta-1 (Easwaran et
al., 2003), EGF-like repeat and discoidin I-like domain-containing protein 3 (Zhong et al.,
2003), and lactadherin (Table 5.1). For example, lactadherin was found to enhance
angiogenesis in a transgenic rat model (Neutzner et al., 2007) and EDIL3 have a well-
established role in angiogenesis and tumour growth. The expression level of EDIL3 was
found higher in pancreatic ductal adenocarcinoma compared to its normal counterpart cells
and this higher expression was also found to promote tumour growth (Aoka et al., 2002;
Jiang, Wang, et al., 2015). In addition, within the 613 shared proteins, there were several
proteins were reported to be involved in metastasis which include 10 members of the integrin
family (In MCF7 only integrin beta-1) which are involved in cellular adhesion, the primary
steps of metastasis (Bozzuto et al.,, 2010). Interestingly, only one member of the
transmembrane glycoprotein family protein, integrin beta-1 showed down regulation in
MCF7 which is a less metastatic cell line compared to the lung cancer cell line H358 and
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leukaemia cell line THP1. Many studies have documented that altered expression of integrin
was observed in metastatic tumour cell compared with the normal counterpart cell (Hood and
Cheresh, 2002). For example, overexpression of integrin a5 and 3 was observed at the
invasive site of malignant tumour melanoma cells and angiogenic blood vessels (Brooks et
al., 1994) but expression was found less in pre-metastatic melanoma and normal blood vessel
(Felding-Habermann et al., 2002).

All the proteins identified were subjected to GO ontology for their functional characterisation
which is shown in the bar chart in figure 5.7. Irrespective of the cell lines, all three exoosmes
from three cancer cell lines were enriched in membranous proteins. Although, within three
cancer cell derived exosomes, there were adhesion, protease, extracellular proteins as well as
signalling proteins identified (Table 5.1) but most of the proteins enriched in exosomes found
to be involved in binding, catalytic, transport and most of them are evenly distributed in
intracellular and extracellular matrix according to the GO analysis. Exosomes from all three
cancer cells have shared and unique proteins. For example, cartilage oligomeric matrix
protein which shows cellular adhesion properties found in the extra cellular matrix of all three
cancer cell derived exosomes. On the other hand, extracellular protein fermitin showed
adhesion properties was only found in THP1 cell line. Similar type protein such as
desmoplakin was up regulated in MCF7 compared to the other two samples. Several cell
signalling molecules which acts on cell proliferation were also identified in shared and as
well as exclusive manner. For example, inhibin beta B chain which is a cytoplasmic protein
and helps in cellular proliferation and cellular signalling was only present in H358, treacle
protein found only in MCF7 derived exosomes shows similar properties of cell proliferation
and cellular signalling and CTP synthase 1 found with similar functionality showed up
regulation in THP1 cell derived exosomes than H358 and absent in MCF7. However, proteins
like Apolipoprotein, exosomal marker annexin A1, spectrin beta, cell division control protein
42 homolog, and 4F2 cell surface protein were also identified from all three exosomes which
were involved in cellular signalling and cell proliferation process (MacHnicka et al., 2012).

The KEGG pathway analysis has identified several key pathways includes renal cancer
pathways, bladder cancer pathways, and thyroid cancer pathways focal adhesion, Akt
signalling pathways. Proteins with the most linkage in the protein interaction network, such
as the heat shock family proteins, the Ras family proteins, plastin 2, phosphoglycerate kinase
1, actin family proteins, cadherins, integrins, laminins and catenin have been previously

found to be involved in cancer metastasis. For example, it has been reported that
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phosphoglycerate kinase 1 has the ability to promote invasion and metastasis, when the
expression of phosphoglycerate kinase 1 of metastatic colon cancer was compared with its
non-metastatic counter-part (Ahmad et al., 2013). The Ras family proteins the modulator of
several signalling pathways that regulate cell proliferation, differentiation, apoptosis as well
as phagocytosis (Giehl, 2005). Heat shock proteins on the other hand, are molecular
cheparones required protein synthesis and folding in response to cellular stress. They also
play vital role in protein assembly, secretion, trafficking, degradation and regulation of
transcription factors (Seiwert et al., 2005). Their ability to promote cancer and metastasis is
well established. For example, heat shock protiens are required for the EMT formation via
modulation of catenin beta/slug signalling pathways, plus they have the ability to avoid
apoptosis by forming Hsp70 complex with dependent kinase protein and fanconi anemia
group C proteins (Lianos et al., 2015). Catenin, cadherin, actin also pay important role
tumour progression and metastasis (Chairoungdua et al., 2010). Several reports have
documented the involvement of cadherins, catenin and integrins in the initial steps of

metastasis, invasion (Miroshnikova et al., 2017; Yang et al., 2017).

The proteomic profiling of exosomes by LC-MS showed resemblance with several previous
studies as mentioned before, but the presence of endoplasmic reticulam (ER) protein in the
preparations shows the unwanted contaminations in the exosome preparations. So even
though the data presented here follows most of the guidelines provided by the ISEV about the
purity of exosome preparation, presence ER proteins suggest that the exosome preparations

may not be entirely pure.

Although, new discoveries are published on a regular basis, but exosome biology is still in its
early stage, so further research needs to be done on the methods of identification and
analysing their protein cargo to understand their biogenesis, secretion and function of
exosomes. In summary, this study represents the first comparative proteomics of the cancer
cell lines mentioned before and will be a step forward in understanding the relation within
different cancer and with further work might improve the chances to find potential

biomarkers for early detection and new therapeutic strategies.
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5.5 Conclusion:

The goal of this chapter was to findout the differences and similarities of exosomal proteins
from different cancer cell lines. The idea is to find out the proteomic profile of different
cancer cell line derived exosomes. Exosomes are one of the newest inclusions of biomarker
research. While the exact biological funtions of exosomes are yet to be stablished, several
studies have suggested their role in cellular communication as well as cancer progression.
Proteomic studies of eoxomes have greatly influenced the understanding molecular
compositions of exosomes. Firthermore, increasing studies have proved that apart form the
membranous and cytosolic proteins. Exosomes contain subsets of proteins that are cell
specific functions. In this study, preoteins from exosome derived from three different cancer
cell lines have been successfully identified which showed several similarities and differences.
This comparative proteomic study of exosomes from different cancer cell lines can be used as
a start point for the future biomarker development by comparaing through the versatalities of

proteins secreted by exosomes from these three cancer cell lines.
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Chapter 6:

Comparative proteomic study and gene expression
analysis of exosomes from lung cancer cell line and normal

cell line

6.1 Introduction:

Being one of the major causes of cancer related deaths worldwide, with non-small lung
cancer (NSCLC) covering majority of lung cancer deaths, it still lacks the tool for early
detection of lung cancer (Bharti et al., 2013). Due to the absence or lack of specified
therapeutic options, late diagnostics and poor efficiency in preventing metastasis, NSCLC has
a very poor survival rate combining all stages. NSCLC is a molecularly heterogeneous
disease with ever changing genetic alterations (Pomplun, 2006). Other than the most common
genetic alteration of EGFR and KRAS, several reports have suggested the alterations in
Echinoderm microtubule-associated protein-like 4 (EML4) and anaplastic lymphoma kinase
(ALK) fusion gene, oestrogen-related receptor beta type 2 (ERRB2), NRAS, v-raf murine
sarcoma viral oncogene homolog Bl (BRAF), phosphatidylinositol-4,5-bisphosphate 3-
kinase, catalytic subunit alpha (PIK3CA), met proto-oncogene (MET) and cadherin-
associated protein beta 1 (CTNNB1) mutations (Pao and Girard, 2011; Seo et al., 2012).
Furthermore, the present biomarkers for lung cancers such as CEA, NSE, TPA, CA125 and
ProGRP have been reported to have limited sensitivity for early detection and diagnosis (Pan
et al., 2008). Therefore, better understanding of the mechanisms of lung cancer progression
and its early detection tools is vital (Cho, 2016). In recent years, quantitative and comparative
proteomics have been used extensively to search for cancer biomarkers for early detection
and diagnostics. The survival rate of lung cancer patients depend on the stage of detection, so
to increase the survival rate of lung cancer patients, concentration must be given to the early
detection strategies (Cheung and Juan, 2017). Quantitative proteomics between normal and
lung cancer patients differentiate the relative protein abundance, reveal insights on molecular
mechanism, interaction of signalling pathways and employed as a biomarkers tools for early
detection prognosis (Cifani and Kentsis, 2016). Exosomes are the newest inclusion for the
biomarker discovery for lung cancer due their similarities with the parent cells (Henderson

and Azorsa, 2012) and reported to contain tumour associated proteins such as EGFR, KRAS,
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Rab family, CD91, CD137 (Reclusa et al., 2017). So far, 9769 proteins have been identified
from exosomes according to ExoCarta (http://www.exocarta.org/) database some of which
reflects pathological disease states (Zhou et al., 2017). Cell releases exosomes in both
diseased and healthy state. The content and number of exosomes varies between normal
healthy exosomes and tumour exosomes. Recently it was shown that, the number of
exosomes from clone of a breast cancer cell line was more than ten times higher than its
normal counterpart exosomes per million cells (Riches et al., 2014). In another study, it was
also shown that the mRNA content of normal cell was different to tumour derived exosomes
(Melo et al., 2014). Because of these distinct nature and ability to carry specific genetic
cargo, exosomes has become one of the major success in cancer research (Whiteside, 2016).
Recently comparative proteomic study between lung cancer cell lines and their counterpart
normal cell lines revealed differential protein expressions of proteins involved in signal
transduction, cellular signalling, cell adhesion, extracellular remodelling. It was demonstrated
in the same study that, the lung cancer exosomes enriched in proteins involved in signal
transduction such as EGFR, SRC, MET receptor protein KRAS, RAC1 were overexpressed
compared to the normal healthy lung cells (Clark et al., 2016).

In this chapter, proteomic profile of exosomes from normal human bronchial tracheal
epithelial cell line (HBTE) was studied by using LC-MS based proteomic approach as
described before and the proteomic data was compared with the proteomics of exosomes
from non-small cell lung cancer cell line H358 originated from a metastatic alveolar site of
the lung. Selected proteins with different expression were subjected to gene expression
analysis by gPCR in cellular level to compare the protein expression levels of exosomes

relate to celluar gene expression.
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6.2 Methods and Materials:

6.2.1 Cell Culture and Isolation of exosomes:

Lung cancer cell line (H358) was cultured in the similar way as described in chapter 3. The
primary immortal cell line, human bronchial tracheal epithelial cell (ATCC®PCS-300-010)
was cultured in basal airway growth medium (ATCC®PCS-300-030). The growth medium
was prepared by adding the airway epithelial growth kit (ATCC®PCS-300-040) and 1%
antibiotic (ATCC®PCS-999-002) containing Penicillin 10,000 Units/mL, Streptomycin 10
mg/mL, Amphotericin B 25 pg/ml. Both the cells were maintained in 5% CO2 and 37°C.

6.2.2 Proteomic Analysis by LC-MS:

Protein separation and proteomic profiling was carried out following similar protocol

described in chapter 5.5.3.

6.2.3 Isolation of RNA from cells:

Total RNA from both H358 and HBTE cell lines were extracted using RNeasy Mini Kit from
QIAGEN following manufacturer’s protocol with slight modifications of 15sec to 30sec.
Briefly, all cells were pelleted by centrifuging at low speed (500x%g) for 5 min at 4°C, washed
twice with cold PBS in DEPC (Diethyl pyro-carbonate) treated water and transferred in a
RNase free Eppendorf tube to avoid contamination and kept on ice. The RLT buffer from the
kit was heated at 60°C for 15 mins prior to use. 3 marceptoethanol (B-ME) was added with
RLT buffer in 1:100 ratio just before starting the RNA extraction to reduce the disulphide
bpnds of proteins which hampers the RNA extraction. 350ul of RLT+ B-ME buffer was
added to the cell and incubated 10mins to break the cell membrane. Then the lysate was
transferred immediately into QIAShredder spin column and centrifuged at 10000xg for 2 min
to isolate the cellular debris from the lysate. The flow through lysate was collected and the
column was discarded. After that 350 pl of 70% molecular grade ethanol was added to the
lysate and immediately transferred into a RNeasy mini spin column and centrifuged for 30
sec at 8000xg. Ethanol helps to precipitate the RNA and removes the salt from the lysate.
The column was then retained discarding the flow through. 700ul pf RW1 buffer was added
to the column and centrifuge for 30 secs at 8000xg. Similarly the flow through was discarded
leaving the column. After that the column was washed twice with 500ul of RPE buffer at
8000xg for 30sec and 1 min. The RNA was eluted from the spin column by solubilizing the
RNA in RNase free water in 1min centrifuge at 10000xg. The concentration, purity and
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integrity of extracted RNA were evaluated by using Nano-Drop analyser (Thermo Fisher) and
in a 1.2% agarose gel respectively. The quality of RNA depends on the ration of the 28s and
18s ribosomal RNA as more than 80% of the total RNA of the mammalian cell comprises of
ribosomal RNA with majority of them being 28s and 18s rRNA. Due to the abundance of
these two rRNA two distinct bands will be observed in the agarose gel. So to achieve a good
quality RNA there should be two distinct bands of 28s and 18s. The RNA samples were

stored at -80°C freezer for future analysis.

6.2.4 Sample preparation for RT-PCR:
6.2.4.1 Synthesis of cDNA:

To synthesise cDNA from the extracted RNA Promega GoStrip Reverse Transcriptase kit
was used following the manufacturers protocol. Briefly, 600ng of RNA sample was mixed
with 0.5pg Oligo (dT) primer and made the volume up to 5ul with nuclease free water. The
mixture was heated at 70°C for 5mins and kept on ice immediately afterwards. The reverse
transcription (RT) reaction mix was made by mixing the following components. GoStrip 5X
reaction buffer 4ul, 1.2 pl of 25mM MgCl,, 1pl of PCR nucleotide mix, 20units of RNasin
and finally 1ul of GoStrip RT was added. The volume was made up to 15ul with nuclease
free water. The RT reaction mix was combined together with the reaction mix previously
kept on ice and heated for 5 min at 25°C for annealing and incubated at 42°C for one hour.
To inactivate the RT the sample was heated to 70°C for 15 mins before proceeding to RT-

PCR analysis.

6.2.4.2 Gene expression analysis by Real time PCR:

To compare the relative gene expression qPCR analysis was performed for the selected genes
(Table 6.2). The gPCR was run with the following thermal cycle in table 6.1. Primers used in
this study were obtained from Eurofins Genomics (Table 6.2). To run the qPCR, the cDNA
(2ul) was mixed with 1pl of primers, both forward and reverse, along with 1ul of Go Taq
gPCR master mix and 0.3ul of CxR fluorescence dye. The samples were then pipette into the
assigned well and the PCR plate was centrifuged at 500xg for 1 min to pull down the reaction
mix to the bottom of the wells. Primers were acquired from literature search and designed by
Primer 3 web designing tool. A melting curve analysis was set to carry out by the instrument

to check the specificity of the PCR product and any possible non specific amplification.
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Table 6.1: Number of cycles at each stages and temperature are shown in the table below.

Stages

Hot-Start Activation
Denaturation
Annealing/Extension

Dissociation

Table 6.2: Primers for the gPCR analysis are shown below.

literature search.

Cycles Cycling programme
1 95°C for 2 minutes
40 95°C for 15 seconds

60°C for 60 seconds
1 60°C- 95°C

Primers were acquired from

Names Gene ID Forward Primer References Pro
duct
size
Cadherin-1 CDH1 AGAAAGTTTTCCACCAAAG (Goyal et al., 2008) 213
AAATGTGAGCAATTCTGCTT

Transforming TGFB2 ATCGATGGCACCTCCACATATG | Designed by Primer 3 193

growth factor beta 2
GCGAAGGCAGCAATTATGCTG

Laminin gamma 1 LAMC1 ATGATGGTCGCTGTGAATGC Designed by Primer 3 203
CTCATCCCCAGTTCCAAGGT

Integrin alpha-3 ITGA3 AAGGGACCTTCAGGTGCA (Dingemans et al., 2010) 244
TGTAGCCGGTGATTTACCAT

Cathepsin D CTSD CAAGTTCGATGGCATCCTGG Designed by Primer 3 219
CGGGTGACATTCAGGTAGGA

Catenin beta-1 CTNNB1 AGGGATTTTCAGTCCTTA (Goyal et al., 2008) 197
CATGCCCTCATCTAATGTCT
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6.3 Results:

6.3.1 ldentification and characterisation of exosomes:

Exosomes from lung cancer cell line H358 and its counterpart normal cell HBTE were
isolated from cell culture supernatant by using PEG based isolation method. To identify the
presence of exosomes, purified exosomes from both cell lines were observed by TEM.
Figure 6.1 shows the presence of exosome like vesicles with a round shaped morphology
showing heterogeneous size population. Quantitative analysis revealed that, the average size
of exosomes from both H358 as well as HBTE showed significant differences (p= 0.003, n=
100) between them. However, the average size of H358 and HBTE exosomes were
98.8+11.8nm and 85.7+£17.4nm respectively wich was within the expected exosome size (30-

150nm as mentioned previously).

Figure 6.1: TEM images of exosomes from H358 and HBTE showing round shaped
morphology with different magnifications.

115



6.3.2 Proteomic analysis:

Protein identification was carried out following similar methods described in previous
chapter (Chapter 5; Section 5.3.2). Protein and peptide identification threshold were kept
similar in this chapter too. Peptide identification was accepted with more than 25%
probability and a FDR rate of less than 1.0%. Similarly, protein identification was also
accepted with a probability of more than 99.0% to achieve a FDR of less than 1.0%. In this
study, a total of 1011 proteins were identified from HBTE cell derived exosomes. As
mentioned before a total of 889 proteins were identified from H358 cell derived exosomes. A
total of 627 proteins (67.66%) were shared between exosomes from H358 and HBTE cell
lines. Apart from the shared proteins, 205 (20.28%) and 327 (32.34%) proteins were unique
in H358 and HBTE exosomes respectively (Figure 6.2).

HBTE H358

327 684 205

Figure 6.2: A Venn diagram showing number of the shared proteins between HBTE and
H358 as well as the unique proteins in H358 and HBTE.

6.3.3 Functional analysis of exosome proteins:

To compare functional categories of exosomal proteins from both H358 and HBTE, GO
analysis was performed using the Scaffold online software v10.5 as previously described
(Chapter 5.6.2). Proteins were separated in three categories including biological process,
cellular compartment and molecular functions. Proteins were grouped in 15 classes according
to their biological process (Figure 6.3) including cellular adhesion, biological regulation,
localization and responses to stimulus. Distribution of annotated proteins within this category
was relatively uniform suggesting similar functionalities of exosomes across both cell lines.
The highest ranked annotated proteins were from cellular process (86.6% for H358 and
87.74% for HBTE) and biological regulation (71.1% for H358 and 70.86%). Other than that,
exosomes from both cell lines were enriched with proteins involved in metabolic process and

response to stimulus. Each protein was found to be involved in multiple gene ontology
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classes. For example, fibronectin, integrins, tenascin werefound to be associated with cellular
adhesion, biological regulation, cellular process as well as growth, localisation, immune
system and metabolic process also. However, the lung cancer cell line H358 was more
enriched with proteins involved in response to stimulus, multicellular organelle process,
development process and biological adhesion. Nevertheless, the normal cell line HBTE was
enriched with proteins involved in cellular process, metabolic process, viral process and

localisation.

H callular process (86.6%)

H biological regulation (71.1%)

i metabolic process (57.99%)

H response to stimulus (57.18%)

M localisation (47.32%)

& multicellular organism process (46.58%)
M establishment of localisation (43.16%)
H developmental process (41.73%)

i immune system process (26.71%)

E multiorganism process (21.77%)

H viral process (12.55%)

i biological adhesion (10.84%)

i reproduction (9.22%)

i growth (3.24%)

i cell killing (0.95%)

Biological Process

H callular process (87.74%)

H biological regulation (70.86%)

H metabolic process (59.01%)

H response to stimulus (54.57%)

H localisation (48.56%)

i establishment of localisation (44.2%)
H multicellular organism process (43.79%)
H developmental process (39.34%)

i immune system process (24.44%)

H multiorganism process (22.22%)

M virul process (13.91%)

i biological adhesion (8.89%)

i reproduction (8.56%)

i growth (2.72%)

i cell killing (0.66%)

Figure 6.3: Doughnut chart showing the involvement of proteins H358 and HBTE in
biological process.

Considering the enrichment of cellular component (Figure 6.4), exosomes from both cell
lines were enriched with cytoplasmic and membranous proteins. 79.18% proteins from the
cancer cell line H358 were cytoplasmic proteins while 82.14% proteins from normal cell
were from the same group. Proteins from intracellular organelle were very similar where
77.28% proteins from H358 and 79.01% from HBTE. Distributions of annotation of cellular
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component were generally similar. The highest gap between two exosomes was the
extracellular organelle proteins. 70.34% proteins were identified from extracellular organelle

from the cancer exosomes compared to 66.83% from the counterpart normal cell exosomes.

Cellular Compartment H cytoplasm (79.18%)
H cytoskeleton (21.24%)

M endoplasmic reticulam (12.17%)
H endosome (6.56%)

M extracellular organelle (70.34%)
M Gologi apparatus (9.41%)

M intracellular organelle (77.28%)
H membrane (51.33%)

i mitochondrion (10.27%)

M nucleus (45.91%)

M organelle membrane (79.18%)
i organelle part (65.95%)

i plasma membrane (29.28%)

i ribosome (3.6%)

H cytoplasm (82.14%)

H cytoskeleton (21.24%)

M endoplasmic reticulam (12.35%)
H endosome (7.24%)

M extracellular organelle (66.83%)
M Gologi apparatus (11.02%)
Hintracellular organelle (79.01%)
H membrane (51.77%)

i mitochondrion (11.19%)

M nucleus (46.75%)

M organelle membrane (82.14%)
i organelle part (67.00%)

i plasma membrane (27.41%)

i ribosome (4.6%)

Figure 6.4: Doughnut chart showing the involvement of proteins H358 and HBTE in cellular
compartments.

Finally, considering the last category of GO terms, molecular function, most of the proteins
from both exosomes were enriched with binding activity where 87.83% proteins were
grouped in this category for H358 and 88.31% proteins from HBTE with very low percentage
of catalytic activity, enzyme regulator activity, and transport. A bar chart representing the

molecular function of the shared proteins from H358 and HBTE are shown in figure 6.5.
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Figure 6.5: Bar chart showing the tor five involvements of proteins from H358 and HBTE in
molecular functions.

6.3.4 Comparative proteomic analysis:

Protein expression of HBTE exosomes were compared with proteins previously identified
from H358 exosomes. The expression level of the 684 shared proteins between the lung
cancer exosomes and normal exosomes were compared here. A total of 97 shared proteins
were up regulated in HBTE by at least 2.0 fold compared to the lung cancer cell line H358
which includes programmed cell death 6-interacting protein which regulates cell death, 3
proteins from the heat shock family including heat shock protein 71kDa, 60kDa, 10kDa.
Most of the up regulated proteins from HBTE where either from extracellular region or from
membrane bound cytoplasmic proteins with various binding activity e.g. protein binding,
RNA binding, ion binding and macromolecule complex binding. On the other hand, a total of
89 proteins were up regulated in H358 which includes exosomal marker proteins annexin A5,
proteins from the histone family, 2 members of the lamilin family proteins (2, a5). Similarly
like HBTE, most of the proteins up regulated in H358 were also from either membrane bound
cytoplasmic or extracellular region proteins most of which have the molecular function of
binding and transport. In addition, the biological process of most of the up regulated proteins
in H358 involve response to stress, response to wounding, response to stimulus, cell

differentiation, cellular adhesion, response to drug, immune system. Furthermore, Proteins
like integrin (a3 and B1), lamilin (B1 and Y1) and tenascin C involved in focal adhesion,

small cell lung cancer and PI3K-Akt signalling pathways which leads to cancer were up
regulated in H358 exosome. An unsupervised heat map of the proteins with up regulated or
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down regulated proteins (p<0.05) shows the different expression of proteins within H358

exosomes and HBTE exosomes (Figure 6.6).

Color Key

-2 -1 v] 1 2

Column Z-Score

HETE_1

HETE_3

HETE_2

H358_1

H358_3

H358_2

Figure 6.6: An unsupervised heat map of proteins among three biological replicates between
the H358 exosomes and HBTE exosomes with different expression level (p<0.05). The
column represents each protein expression and the row represents each sample with their
triplicates. The column Z score represents the relative abundance, from red higher expression
to blue represents low expression and white being not expressed.
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Table 6.3: Partial list of proteins with their functions and difference in their relative expressions. Na= not available in HBTE

Gene
. . . Symbol
Functions Proteins Accession number Fold change
Cellular Epithelial cell adhesion molecule EPCAM_HUMAN EPCAM na
Adhesion
Cadherin-1* CADH1_HUMAN CDH1 1.7
Desmoplakin-1 DESP_HUMAN DSP -1.3
Cystatin-C CYTC_HUMAN CSTC 15
Tenascin TENA_HUMAN TNC 6.25
Laminin subunit gamma-1* LAMC1_HUMAN LAMC1 1.61
Laminin subunit beta-1 LAMB1_HUMAN LAMB1 1.00
Integrin alpha-3 ITA3_ HUMAN ITGA3 1.62
Calsyntenin-1 CSTN1_HUMAN CLSTN1 1.33
Cellular T-complex protein 1 subunit zeta TCPZ_HUMAN TCPZ -3.0
Transport
Serotransferrin TRFE_HUMAN TF -4.5
Laminin subunit beta-1 LAMA5 HUMAN LAMAS 5.43
Protein S100-A6 S10A6_HUMAN S100A6 1.28
Receptor and | Lactadherin MFGM_HUMAN MFGES8 10
Signalling
Transforming growth factor beta-2 TGFB2_HUMAN TGFB2 2.33
Annexin Al ANXA1_HUMAN ANXA1 1.53
Antithrombin-111 ANT3_HUMAN SERPINC1 1.24
Proteasome activator ~ complex | SFXN1_HUMAN 36kDa 1.28
subunit 1
Transforming growth factor-beta- | BGH3_HUMAN TGFBI 1.42
induced protein ig
Tumour Guanine nucleotide-binding protein | LTBP1_HUMAN GNB2 1.29
associated G(1)/G(S)/G(T) subunit beta-2
proteins.
Annexin A5 ANXA5_HUMAN 36kDa 1.15
CD44 antigen CD44_HUMAN CD44 2.00
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Ras-related C3 botulinum toxin | RAC1 HUMAN RAC1 1.14
substrate 1
Tumour protein D54 TPD54_HUMAN TPD52L2 1.5
Heat Shock Cognate HSP70C_HUMAN HSPAS 2.4
Cathepsin D CATD_HUMAN CSTD 1.75
Cellular Fibronectin FINC_HUMAN FN1 -1.5
Communicati __
Basement membrane-specific | PGBM_HUMAN HSPG2 3.88
on
heparan sulfate proteoglycan core
protein
COP9 signalosome complex subunit | CSN8_HUMAN CSN8 -2.5
8
Response  to | Integrin beta-4 ITB4_HUMAN ITB4 1.33
stimulus _
Prelamin LMNA_HUMAN LMNA 1.42
Histone H2A H2AV_HUMAN H2AV 2.83
Exosomal Programmed cell death 6-interacting | PDC6l_HUMAN PDCD6IP -1.0
Markers protein (ALIX)
Glyceraldehyde-3-phosphate G3P_HUMAN GAPDH -1.3
dehydrogenase
Annexin A2 ANXA2_HUMAN ANXA2 -1.2
Annexin Al ANX1_HUMAN ANX1 1.53
Syntenin-1 SDCB1_HUMAN SDCBP 15
CD81 antigen CD81_HUMAN CD81 1.62
CD?9 antigen CD9_HUMAN CD9 1.29
NSCLC- 4F2 cell-surface antigen heavy chain | 4F2_HUMAN 4F2 2.23
related _
. Basigin BASI_HUMAN BSG 8.0
proteins
Integrin beta -1 ITB1_HUMAN ITGB1 1.68
Heat shock protein 90 HS90A HUMAN HS90 -2.0
Catenin beta -1* CTNB1_HUMAN CTNB1 na
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6.3.5 Protein network and KEGG pathway analysis:

Proteins identified here were analysed for their protein-protein interaction network and
KEGG pathways by using the string online toll v10.5. All the proteins including shared and
exclusive to H358 and HBTE were analysed for their network. In the protein network the
coloured nodes represent the protein involvement and the connecting lines represent the
interaction amongst proteins. The thickness of the line represents the confidence level of the
interaction. 195 of the shared protein with different expression level (more than one fold and
p<0.05) were subjected to network analysis (Figure 6.7) which showed a complex protein-
protein interaction network. 184 proteins out of the 195 were connected with each other in a
complex network with various confidence levels (thickness of the connecting lines). 11
proteins did not participate in any interaction at the minimum confidence level (STRING
score =0.400).

The KEGG pathway analysis revealed 37 pathways which include several pathways involved
in cancer such as focal adhesion, P13-Akt signalling pathways, small cell lung cancer and
microRNAs in cancer. The pathway with the highest enrichment and important in cancer was
focal adhesion. The top ten ranked pathways with the most enriched are shown in Figure 6.8.
Proteins that are mostly involved in various pathways include CDH1, laminin family proteins
(a3, a5, B1, B2, B3, y1, y2), proteins from the integrin family (a3 and B1) proteins from heat
shock protein family such as Hsp (a4, 5 and 8).
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Figure 6.7: The protein network analysis for the shared proteins between H358 and HBTE,
using STRING v10.0 with a confidence level of 0.4 revealed a complex protein network.
The thickness of the connecting line represents the strength of the associations.
Here, each node represents a protein and the line represents the interaction between
the proteins. A thicker or darker line between nodes indicates stronger interaction

and vice versa.
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KEGG Pathways of H358 and HBTE

ECM-receptor interaction
Focal adhesion
Amoebiasis

Small cell lung cancer
Toxoplasmosis

Pathways in cancer
PI3K-Akt signaling pathway
MicroRNAs in cancer
Metabolic pathways

Proteoglycans in cancer

0 2 -fog10(p vafue) 8 10 12

Figure 6.8: KEGG pathway analysis of shared proteins with p<0.05. The number of the
horizontal axis represents the —log10 of p value for the enrichment of genes with each
pathway.

Proteins exclusively identified from both H358 and HBTE were also subjected to network
and KEGG analysis. In figure 6.9 out of 226 proteins from H358 exosomes, 170 proteins
were interconnected while 10 proteins were connected in three groups of two, three and five
proteins separate from the large network while 46 proteins did not show any interlink within
the similar confidence level used previously (STRING score: 0.400). The most significant
GO terms detected were Rab protein signal transduction, DNA conformation change,
response to stimulus, biological regulation, transport, cellular component organisation.
Significant molecular functions include binding of proteins, RNA, GDP, GTP and enzyme. 6
signalling pathways were found to be significantly enriched which includes cellular adhesion
molecules (CAMs), spliceosome and antigen processing and presentation. Identified
members of the catenin, cadherins, annexin, Rab, laminin, histone family proteins were

frequently found to be involved in these pathways.
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Figure 6.9: The protein network analysis for the proteins present only in H358 using
STRING v10.0 with a confidence level of 0.4 revealed a complex protein network. The
thickness of the connecting line represents the strength of the associations. The thickness
of the connecting line represents the strength of the associations. Here, each node
represents a protein and the line represents the interaction between the proteins. A
thicker or darker line between nodes indicates stronger interaction and vice versa.
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KEGG Pathways of H358

Systemic lupus erythematosus
Complement and coagulation cascades
Herpes simplex infection

Antigen processing and presentation
Cell adhesion molecules (CAMs)

Spliceosome

0 0.5 1 1.5 2 2.5 3 3.5 4
-log10 (p value)

Figure 6.10: KEGG pathway analysis of proteins only present in H358 exosomes. The
number of the horizontal axis represents the —log10 of p value for the enrichment of genes
with each pathway.

The KEGG pathway analysis showed the enrichment of six pathways (Figure 6.10) which
include spliceosome, cellular adhesion, antigen processing and presentation, herpes simplex
infection and complement and coagulation cascades. The most prominent proteins in theses
six pathways were proteins from the histone family, HLA, ITGa5, proteins from
serine/arginine group.

On the other hand, all the proteins solely identified from HBTE were introduced to the
network and pathway analysis which created a very complex network involving 295 proteins
interlinked in a single network. With the same acceptable confidence threshold, 32 proteins
did not show any interconnection. The clustering of these proteins showed one defied and
major interaction nodes which represents ribosomal proteins (Figure 6.11) such as 40S
ribosomal protein S6, S8, S9, S11, 60S ribosomal protein L3, L5, L8. The KEGG pathway
analysis revealed enrichment of 24 pathways. The top ten enriched pathways are shown in
figure 6.12. The highest ranked pathways identified by KEGG analysis were Ribosome and
carbon metabolism pathways. The top ranked GO terms for the exclusive proteins involve
cellular organisation, transport, localisation and metabolic process. Most of the unique

proteins from HBTE were membrane bound or extracellular vesicles proteins.
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Figure 6.11: The protein network analysis for the proteins present only in HBTE using
STRING v10.0 with a confidence level of 0.4 revealed a complex protein network. The
thickness of the connecting line represents the strength of the associations. Here,
each node represents a protein and the line represents the interaction between the
proteins. A thicker or darker line between nodes indicates stronger interaction and

vice versa.
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KEGG Pathways of HBTE

Ribosome

Carbon metabolism

Aminoacyl-tRNA biosynthesis

Ubiquitin mediated proteolysis

Citrate cycle (TCA cycle)

Biosynthesis of amino acids

RNA transport

Protein processing in endoplasmic reticulum
Pyruvate metabolism

Glyoxylate and dicarboxylate metabolism
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Figure 6.12: KEGG pathway analysis of proteins only present in HBTE with p value. To
normalise the FDR value, negative logl0 was used. The number of the horizontal axis
represents the —log10 of p value for the enrichment of genes with each pathway.

Next, 40 of the up regulated proteins from cancer cell H358 derived exosomes were subjected
to the protein network analysis which yielded 33 interactions among proteins where 23
proteins interacted with each other while 17 proteins did not show any interaction (Figure
6.13). Within the protein network two clusters of five proteins were visible. The cluster on
the upper left side consists of five of the histone family proteins while the lower right cluster
is composed of laminin gamma 1, alpha 5, integrin beta 1, Heparan sulfate proteoglycan 2
and arginine. Apart from the clusters Cell division cycle 42 and laminin gamma 1 showed the

most number of interaction (six edges each)
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Figure 6.13: The protein network analysis for the upregulated proteins in H358 using
STRING v10.0 with a confidence level of 0.4 revealed a complex protein network. The
thickness of the connecting line represents the strength of the associations. Here,
each node represents a protein and the line represents the interaction between the
proteins. A thicker or darker line between nodes indicates stronger interaction and
vice versa.
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KEGG Pathways with up regulated proteins in H358

Phagosome
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Figure 6.14: KEGG pathway analysis of up regulated proteins in H358 with p<0.05. Proteins
identified in all three triplicates were subjected to this pathway analysis. The number of the
horizontal axis represents the —log10 of p value for the enrichment of genes with each
pathway.

After the network analysis, KEGG pathway analysis was applied to the upregulated proteins
from H358 which resulted six pathways (Figure 6.14) which include focal adhesion, small
cell lung cancer, cellular adhesion molecules (CAMs). Proteins involved in multiple
pathways are C3, CDH1, CDC42, integrin beta 1 and beta 2, laminin alpha 5 and gamma 1.
These proteins are involved in focal adhesion, CAMs, small cell lung cancer, proteoglycans

in cancer.

Network analysis with upregulated proteins from HBTE yeilded a much more complex
network than the upregulated proteins from H358. A total of 34 proteins (2.0 fold
upregulated) were applied to the network analysis. The network was interconnected with 90
edges and only a single protein (AHCY) was not involved in any interaction (Figure 6.15).
Although the protein netwrok with the upregulated proteins from HBTE was much complex
than the network of H358, it did not showed any cluster of proteins. The KEGG pathway
analysis resulted with 7 pathways which include P13K-Akt signaling pathway, focal
adhesion, ECM receptor interaction (Figure 6.16). Two proteins are involved in multiple
pathways such as ACTN4 and HSP90OAAL. They are involved in focal adhesion, Antigen
processing and presentation and P13K-Akt signaling pathway.
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Figure 6.15: The protein network analysis for the upregulated proteins in HBTE using
STRING v10.0 with a confidence level of 0.4 revealed a complex protein network. The
thickness of the connecting line represents the strength of the associations. Here,
each node represents a protein and the line represents the interaction between the
proteins. A thicker or darker line between nodes indicates stronger interaction and

vice versa.
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KEGG Pathways with up regulated proteins in HBTE
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Figure 6.16: KEGG pathway analysis of up regulated proteins in HBTE exosomes. The
number of the horizontal axis represents the —log10 of p value for the enrichment of genes
with each pathway.

6.3.6 Real time PCR analysis:

The quality of the RNA was analysed by running the RNA sample on a 1.2% agarose gel for
45min. the two prominent bands represents 28S and 18S RNA around 700bp and 1100bp to
1200bp (Figure 6.17). The concentration was measured by nano drop which resulted good

quality RNA from both cancer and normal cells.

MK H358 H358 HBTE HBTE

= 285

18S

Figure 6.17: Presence of RNA on agarose gel. The dark band of 1100bp represents 28s
RNA and the lighter one on 700bp represents 18s RNA.
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6.3.7 Relative gene expression analysis:

Relative gene expression analysis was performed to compare the compare the relative
expression difference of RNA of the cell due to their differential regulation in exosomes. All
six genes were accounted for the experiment and were done in triplicates. Beta-tubulin was
used as the internal standard to normalise the values. Six different proteins were selected
based on their expression on exosomes and function. Five proteins were selected after
comparing literature search and upregulation in exosomes in H3588 compared to HBTE. To
evaluate significance in expression t-test was carried out. All the genes from cnacer cell H358
showed significant difference (p<0.05) compared to the gene expression of normal cell
(Figure 6.18). One protein was not (CTNNB1) present in HBTE exosome but present in
H358 exosomes. The experiment was done in triplicates. Gene expression of the proteins that
are upregulated in exosomes from H358 showed higher expression in their cellular level
(Figure 6.18). For example, the proteomic study reveals that, TGFB2 was 2.33 fold up-
regulated in H358 compared to HBTE, the highest within the six selected genes. The highest
fold change was observed in their mMRNA level was in ITGAS, followed by CDH1, LAMC1,
TGFB2 and lastly CSTD (Table 6.4). Interestingly, the mRNA level of CTNNB1 was 2.67
fold higher in H358 cell compared HBTE even though the protein was only present in H358.
The difference in their gene expression of mMRNA between cancer cell (H358) and normal cell
are (HBTE) shown in figure 6.18. To calculate the difference in expression, AACt value was
calculated using the equation from Schmittgen et al., 2008, where it was described that fold
change between to samples can be calculated by using the formula of 2~4¢* (Schmittgen
and Livak, 2008). The calculation was carried out using three triplicates of three independent
samples from both H358 and HBTE cell lines.

Melting curve analysis was performed at the end of each cycle to test the primer pair
specificity (Figure 6.19 to 6.23) at the end of each experiment. Single peak with no
shouldering suggested the specificity of primer annealing. Melting curve with multiple peaks
(Appendix Figure 2-19) could be due to the presence of genomic DNA or fragmanent of
DNA which hampared the melting of the target genes. Results of melting curve analysis

along with their amplification curve (Ct plots) were shown in figure 6.19 to 6.24.
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Table 6.4: Gene expression analyses by gPCR of selected genes are shown in the table. The
AACt was calculated after the normalisation with beta tubulin. The threshold for the Ct value

was considered 0.2.

Genes Average Ct Average Ct Relative T test
H358 HBTE Fold Change (224 |  (p value)
CDH1 19.3+1.19 21.74+1.19 7.12 0.004
CTNNBL1 | 18.71+0.54 20.13+0.84 2.67 0.016
ITGA3 17.63+0.7 20.94+0.93 10.58 3.87x10°
TGFB2 | 7.73+0.71 9.29+0.88 2.98 0.007
CSTD 17.82+0.85 19.82+0.86 3.78 0.00073
LAMC1 | 19.68+0.57 21.35+£1.24 2.76 0.011
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Figure 6.18: Bar graph for gRT-PCR analysis data of six selected genes of H358 and HBTE.
Bar graph data are normalised with B-tubulin mRNA levels and is relative to B-tubulin
MRNA levels of H358 and HBTE respectively. Significant differences (p<0.05) have been
observed in each gene.
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Figure 6.19: Amplification plot (Ct value) and melting curve of Integrin alpha 3 (ITGAS3).
The color indicates different samples. A,B and C represents tripilicates of normal cell and E,
F and G represents ct value and melting curve of cancer cell.
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Figure 6.20: Amplification plot (Ct value) and melting curve of Cadherin 1 (CDH1). The
color indicates different samples. A,B and C represents tripilicates of normal cell and E, F
and G represents ct value and melting curve of cancer cell.
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Figure 6.21: Amplification plot (Ct value) and melting curve of Laminin gamma 1
(LAMCYL). The color indicates different samples. A,B and C represents tripilicates of normal
cell and E, F and G represents ct value and melting curve of cancer cell.
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Figure 6.22: Amplification plot (Ct value) and melting curve of Catenin Beta 1 (CTNNBL).
The color indicates different samples. A,B and C represents tripilicates of normal cell and E,
F and G represents ct value and melting curve of cancer cell.
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Figure 6.23: Amplification plot (Ct value) and melting curve of Transforming growth factor
beta 2 (TGFB2). The color indicates different samples. A,B and C represents tripilicates of
normal cell and E, F and G represents ct value and melting curve of cancer cell.
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Figure 6.24: Amplification plot (Ct value) and melting curve of Cathepsin D (CSTD). The
color indicates different samples. A,B and C represents tripilicates of normal cell and E, F
and G represents ct value and melting curve of cancer cell.

141



6.4 Discussion:

Comparative study of exosomes between normal and pathological conditions have been used
extensively in recent years to investigate the differences in their proteomic signatures due to
their stability in biological fluids and their ability to carry genetic information across cells
(Henderson and Azorsa, 2012). To investigate the proteomic differences it is very important
to characterise exosomes because the unique proteomic signature can indicate biological
information about the state of the diseases (Hegmans et al., 2004). To compare the proteomic
differences between lung cancer cell and normal cell derived exosomes, non-small cell lung
cancer cell line H358 and primary cell line HBTE was used. Identification of exosomes from
H358 was previously described in chapter 3. However to compare the morphological
characteristics of H358 and HBTE exosomes from both the cell lines were isolated using the
PEG method described in chapter 4. TEM analysis was performed to compare the
morphology of the exosoems from lung cancer cell line with its normal counterpart HBTE.
The size of the exosomes from primary lung cell HBTE was 85.7+17nm, which is just a little
on average smaller than its counterpart H358 exosomes but was comparable with previously
studied non cancerous cell derived exosomes. For example, exosomes were isolated from
primary thymic epithelial cell derived exosomes showed a size of 136nm (Skogberg et al.,
2015).

In this chapter, comparative proteomic study was carried out between H358 and HBTE cell
derives exosomes following the similar LC-MS approach described in previous chapter
(Chapter 5.5.3). A total of 1011 proteins were identified which is a little higher than
previously published proteomic studies. For example, in a quantitative proteomic study on
exosomes from differentiated and differentiated primary calvarial osteoblasts of a mouse
model, a total of 336 proteins were identified, while 770 proteins were identified from HIV-1
infected and uninfected exosomes from lymphocytic H9 cells in another study (Bilen et al.,
2017; Lietal., 2012).

GO analysis revealed in this study that, proteins involved in response to stimulus, biological
adhesion were comparatively higher in exosome from H358 than exosomes from HBTE
(Figure 6.3). In contrast, number of proteins involved in metabolic process, localisation and
cellular process was higher in HBTE exosomes. Exosomes from both cell lines were almost
equally enriched with membrane proteins (Figure 6.4). Several studies have suggested that

exosomes are enriched with membranous protein as they are present in the exosomal
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membrane as they are essential for exosome release. For example, vesicle-associated
membrane protein 7 was found to be essential in the formation of multivesicular bodies as
well as release of exosomes from the cells in a study carried on human leukemic cell line
K562 (Fader et al., 2009).

The current comparative proteomics also identified several extracellular matrix (ECM)
proteins. It has been reprted previously that, ECM protiens onlt only aid in the mechanincal
and structural supports but also plays a vital role in cancer progreesion via cellular signlling
(Kim et al., 2011). In this study 66.84% and 70.34% of total proteins were from extracellular
region from HBTE and H358 exosomes respectively. Several ECM proteins were identified
in this study which includes fibronectin, prelamin, and integrins. Several integrin molecules
have been reported to enhance cancer propgression by binding with several ECM molecules
with different affinity and regulate the fate of the cellular behaviour and cell singnalling
(Alam et al., 2007). Several ECM molecular with up regulation were observed in this study.
For example, fibronectin, prelamin, agrin were all up regulated in H358 exosome, compared
to HBTE exosomes. Fibronectin along with its integrin receptor adheres to the cell surface

due to the low adhesiveness of tumour cells compared to normal cells (Ruoslahti, 1999).

In this study, cellular adhesion molecules, extracellular matrix proteins, cell signalling
molecule were enriched in both exosomes. Several signalling proteins involved in cellular
proliferation and biological regulation such as CDH1, CNTNB1, MFGES8, TGFB2, LAMC1,
and ITGA3 were upregulated in H358 exosomes compared to HBTE exoosmes (Table 6.3).
Several studies have the similar results exosomes. For example, proteomic study between
NCSLC pleural effusion and its counter-part revealed the similar overlap of protein profiling
with (Clark et al., 2016). Several heat shock proteins showed higher expression in H358
exosomes which includes Hsp60, stress protein-70. Heat shock proteins are molecular
cheperones and important for protein folding, transport, and mediating the formation of
protein structures which is vital for the survival of cells from stress. The heat shock protein
family is considered as a potential molecular biomarker and therapeutic target as they are
reported to be over expressed in most of the tumorous lung cells compared to their adjacent
normal cells (Seiwert et al., 2005) and aid in the development of several cancer progression.
For example, overexpresseion of Hsp70 was reported in lung, liver, colorectal and cervical

cancers while their downregulation was observed in renal cancer (Wu et al., 2017).
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Proteins mostly involved in cancer pathways such as PI3K-Akt signalling pathways, focal
adhesion are family members of integrin and laminin were either absent or down regulated in
HBTE. For example, integrin alpha 3, 5, beta 4 and 6 were down regulated by at least 1.5 fold
(Table 6.3). Both integrin and lamilin play vital role in cell proliferation and metastasis. Their
cellular adhesion properties are reported to play vital role in metastasis and tumour growth
(Ganguly et al., 2013). Integrin and lamilins are two of the most vital cell surface receptors
(Zaidel-Bar et al., 2007) that localizes on the epithelial cell surface and binds with filaments
to form a multiprotein adhesion complex called hemidesmosomes (Caccavari et al., 2009).
The expression of integrin alpha 4 and 6 were analysed on a biopsy samples from tumours
from head and neck which suggested that upregulation of hemidesmosomes components such
as integrin alpha 4 and 6 was directly correlated with metastasis and tumour growth (Herold-
Mende et al., 2001). Furthermore, cell adhesion molecule catenin beta and delta 1 were
absent in HBTE and cadherin 1, another cellular adhesion molecule is upregulated in H358.
Catenin family proteins are vital components of cell adhesion complex. Catenin beta is an
important component of Wnt signalling which is associated with cancer progression and
metastasis (Park et al., 2017). Although, several reports have demonstrated that
downregulation of CDH1 promotes cancer metastasis, however few reports have also
demonstrated the up regulation of CDH1 in non-small lung cancers specially bronchial
alveolar carcinomas or adenocarcinomas (Clark et al., 2016; Lee et al., 2002). In addition,
BCA-1, fibronectin, are considered as biomarker for lung cancer were up regulated in H358

exosomes (Mehan et al., 2012).

CDH1, CTNNB1, ITGA3, CTSD, LAMC1 and TGFB2 were selected for their gene
expression analysis from the comparative proteomics on exosomes from H358 and HBTE
which showed significant difference between H358 and HBTE (p<0.05). Apart from
CTNNBL1, five of the six selected proteins were upregulated in H358 exosomes compared to
HBTE exosomes (Table 6.4), while CTNNB1 was only present in H358 exosomes and did
not show any expression in the three triplicates of HBTE exosomes. The gene expression
analysis was carried out on cellular level. The qualitative RT-PCR analysis of relative gene
expression levels in the cell revealed that, the mMRNA levels in the cell of five of the selected
up regulated proteins in exosomes were higher compared to the HBTE exosomes (Figure
6.18). Surprisingly, the mRNA of CTNNB1 was positive in both cells, even though the
protein was only present in H358 exosomes. The mechanism behind the differential protein
recruitment of exosomes is not properly established (Zhang et al., 2015). Nevertheless, it has
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been suggest that the protein sorting in to exosomes partially depend on the parent cells to
some extent (Schorey et al., 2015) although the relative mRNA levels and their subsequent
protein expression remains still unclear (Pascal et al., 2008), but the mRNA level of
CTNNBL1 was found higher in cancer cells compared to its subsequent normal cells in several
reports. For instance, previously it was demonstrated by RT-PCR and western blot analysis,
overexpression of CTNNB1 was observed with cell proliferation, migration, invasion and
inhibition of apoptosis on renal cell carcinoma and inhibition of CTNNB1 resulted with poor
cell proliferation, migration and induction of apoptosis (Yang et al., 2017).

6.5 Conclusion:

Lung cancer being the second most cause of death worldwide there is still not enough
resources to enhance the diagnosis and treatment. The study presented in this chapter shows
valuable insights about the similarities and differences of exosomes between lung cancer cell
line and its counterpart normal cell line. The comarasion between exosomes from lung cancer
cell line H358 and normal lung cell HBTE showed distinct differences in their proteomic
profiling. Integrin alpha-3, cadherin-1, transforming growth factor beta-2, cathepsin D,
lamimin gamma-1 can be considered as potential biomarkers for non-small cell lung cancer
as these proteins were over expressed in exosomes from lung cancer cell line H358. Their
gene expression in cellular level was also significantly higher in lung cancer cell line
compared to normal cell line. Catenin beta-1 can aslo been used as potential biomarker for
non-small cell lung cancer as the gene expression of catenin beta-1 shown higher expression
in cancer cell than normal cell and the protein was absent in all three replicates. The mRNA
level of catenin beta 1 in H358 and HBTE exosomes illustrate the selective recruitment of
proteins into exosomes which can be useful for future biomarker research with further
clinical research. The relative gene expression data is the first to this lung cancer cell line and
its counterpart which can be useful for future biomarker search NSCLC with further clinical

research.
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Chapter 7:

General discussion and future prospects

7.1 General Discussion:

Cancer is the one of the leading cause of death all around the world including United States.
According to the American Society of Cancer Report 2018, lung cancer is one of the major
causes of cancer related deaths in the US where more than 234 thousand new cancer paitents
are expected in 2018. The expected new breast cancer numbers are even more than lung
cancer for women. Within 2018, around 266 thousand patients are expexted to be diagonised
with breast cancer in US alone (Siegel et al., 2018). The management of cancer involves
careful staging and interpretation of clinical information (Mariotto et al., 2014). The major
challenge with cancer is their diagnosis and proper treatment at early stages (Halvaei et al.,
2018). The major advatages of exosomes as a biomarker in clinical studies include their ease
of availability, cost effectiveness and easy to analyse compare to the genetic testing which is
exprensive and requires trained personel to analyse the samples (Sharma et al., 2017). The
traditional tissue biopsy tests for cancer screening are not sufficient enough to diagnosis
cancer properly. Furthermore, no diagnosis method available today detects cancer without
hurting physical condition of the patients. For example, radiology is one of the most used
methods of cancer detection but too exsessive isonising radiation could cause serious health
risks (Han et al., 2017), non-radiation methods such as ultrasound scan and magnetic
resonance imaging are not fully capable to detect minimual residual diseases (Chaudhuri et
al., 2015). In addition, the solid or tissue biopsy method has been reported to lack the ability
to detect dynamic changes in tumor due to the tumour heterogenecity and can not detect
cancer accurately (Hiley et al., 2014; Ignatiadis et al., 2015). This highlights for new and
improved tools that can reduce the amount of clinical work needed to diagnose and manage
cancer (Liu et al., 2015) for example, liquid biopsy which relies on extracellular particles and
their cargo such as exosomes. Exosome based liquid biopsy is far more superior to other
sources of liquid biopsy such as microvesicles, apoptotic bodies because unlike other
subcellular vesilces exosomes are more hetarogenous in nature (Halvaei et al., 2018).
However, there are no set up method to isolate exosomes and every methods available to
isolate exosmes such as ultracentrifugation or precipitation method have its own advantages
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and disadvantages which hampers the purity of exosomes and hence limited the use of
exosomes as biomarkers in clinical study (Thind and Wilson, 2016).

The research presented within this thesis has focussed on the identification and
characterisation of purified exosomes and their protein content, secretion pattern and number
of exosomes in relation to the cellular growth. Several studies have documented proteomic
studies to create a central proteomics based on common cell lines used in cancer study
(Geiger et al., 2012). However, such a platform for exosomal proteins has not been done yet.
The work presented here is a start for such a platform based on exosomal proteins. In
addition, the comparative proteomics between the lung cancer cell line H358 and its
counterpart HBTE is the first to the best of my knowledge which provides valuable
information about future development of lung cancer biomarkers.

It has been proposed that molecular profiling or combining currently available diagnostic
tests may improve the diagnosis and monitoring of cancer as compared to using a single
marker test (Goodison et al., 2013; Hassanein et al., 2012). Whether single or multiple
markers to be used for the diagnostic tests, it is clear that exosomes can be an ideal source for
the hunt for these biomarkers due to their availability and biological properties (Fliser et al.,
2007). Exosomes are a subcellular fraction of the whole cell and reported to be enriched in
tumour antigens and membrane proteins. These enriched proteins are thought to be
specifically incorporated in to exosomes during their biogenesis in the endocytic tract (Thery
et al., 2001). As well as membrane proteins, several stress-related proteins can also be
elevated in exosomes from cells undergoing forms of stress such as hypoxia, heat or
radiation. In this situation exosomes can represent the stress states of the parent cell. Overall,
cancer derived exosomes may provide a complex panel of cancer associated protein markers
that could be detected using an exosome based multiple biomarker assay (Seo et al., 2012).
There is no set up method to isolate and purify exosomes from variable source which led to
the use of variety of methods each one of them with varying degrees of purity and
comparable results (Lobb et al., 2015). And sometimes the choice is between availability of
equipment, time and cost effectiveness. As this is a proteomic study, methods were chosen
based on the capability to isolate more exosomal proteins from the cell culture supernatant
since protein concentration plays a vital part in any proteomic studies. In this study both
ultra-centrifugation and polymer based isolation were compared and polymer based method
was chosen because of its ability to yield more protein than ultra-centrifugation (Rider et al.,
2016). Although more elaborate improvement could enhance the purity of exosome isolation,
the in-house PEG based isolation can be used a starting method which yielded comparable
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quality with the commercial product while saving time and cost. The issues concerning the
quality of exosome samples are something that needs to be addressed. In this study, exosomes
were isolated using PEG based in-house polymer consistently from conditioned cell culture
medium of three cancer cell lines. However, at first exosomes were isolated by
ultracentrifugation technique and commercial kit for the identification and characterisation of
exosomes but the protein concentration of the resulted exosomes were very low for any kind
of proteomic study. So, in order to optimise the protein concentration and the number of
exosomes needs to reach that concentration, the dynamics of exosome release in relation to
cellular growth was carried out without altering any of the cell culture conditions like level of
oxygen, temperature and carbon dioxide. This study resulted with valuable information about
the number of exosomes with relation to the growth time and the number of cells. It also
provided the information about the approximate time to collect exosomes to achieve peak
concentration of exosomal protein.

Proteomics study on exosomes has previously identified proteins of importance in exosome
biology and also potentially significant proteins in disease (Liu et al., 2015). The issues that
hampered the 2D gel electrophoresis were the methods of preparing exosomes for 2D gel
electrophoresis, concentration and low abundance of proteins in exosome samples. The 2D
gel method was developed using the cellular proteins due to the number and higher
abundance of proteins in the cell. But due to the possibilities of lower abundant proteins to be
potential biomarker, LC-MS was chosen over 2D gel electrophoresis to detect the lower
abundance proteins. Because the detection limit of LC-MS is higher than gel electrophoresis.
In this proteomic study, highly purified exosomes were used which were characterised by
various techniques including western blot, DLS and also electron microscopy. The exosomes
were derived from three cancer cell lines including lung cancer cell line H358, leukemic cell
line THP1 and breast cancer cell line MCF7, resulted with a total of 1596 proteins using LC-
MS with only good quality MS data and two or more peptides were reported in the final
result giving a false discovery rate of 1.0. The number of proteins identified in this study is
very comparable to other exosomal study and one of the very few as a comprehensive
comparative proteomic study as well as the first to do a comprehensive proteomic study on
Broncho alveolar lung cancer cell line H358 derived exosomes and its counterpart.

Proteomic study of exosomes irrespective of cell lines revealed that exosomes are enriched in
membrane proteins. Several reports suggest that membrane proteins are involved in cellular
signalling. For example, extracellular matrix proteins integrins, laminins, catenins, tenascin,

heat shock proteins as well as several growth factor receptors such as transforming growth
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factor receptors, platelet derived growth factor receptors are constantly reported for their role

in the cellular signalling.

7.2 Conclusion:

The studies presented in this thesis aimed to enhance the understanding of the role of
exosomes paly in intercellular signalling in different cancer cells with different metastatic
potentials including lung cancer, breast cancer and leukaemia. To achive that, the proteome
of exosome from three different cancer cell lines were compared with each other showing
several similarities with some difference which suggest that regardless of the source of
exosomes, there composition is very comparable to each other with distinct difference which
seperates them from each other. Then the proteome of lung cancer cell was compared in both
normal lung cell lines. The results of the comparative proteomics of lung cancer and its
counterpart opened up possibilities not only for new biomarker targets as well as possible
new therapeutic targets. Further reseach needed on the gene expression on several proteins to
further characterise them as cancer biomarker.

7.3 Future prospects:

Exosome is a promising filed for future cancer research. It opens up opportunities in search
for new biomarker tool for diagnosis and therapeutic drug delivery. However, several lacking
still needs to be addressed. For example, an exosome isolation method which is not only time
efficient but also would now require any special equipment such as ultracentrifugation, a
method where the exosomes would be free from contaminating proteins and other
extracellular vesilces. Such method is urgently needed for future exosomes research where

the final product of the preparation will not have the above mentioned issues.

Several similarities and difference have been reported in the comparative proteomic study of
three different cancer cell lines. The result presented within the comparative study of three
different cancer cell lines can be useful for characterising exosome biology in different

cancers.

The results of any comparative proteomic study offer opportunities of endless possibilities,
for example, it defines the similarities and differences within the experimented samples.
Several key findings are beneficial for future exosomal work. For example, the relative
MRNA level of CTNNB1 was positive on both cell lines including H358 and HBTE on
cellular level. Although the mRNA level CTNNB1 was more than 3 fold higher in H358 cell
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line however the protein was present in any of the triplicates of exosomes from HBTE which
could suggest the protein CTNNB1 was not transferred into the exosomes. Extensive research
needs to be carried out on the protein expression of CTNNB1 on cellular level including
cancer and normal exosomes. The results presented here were based on in vitro study on
established cell lines. Similar proteomic approach needs to be taken from clinical samples
thus finding much more information which will be helpful for future biomarker research.
Nonetheless, further research needs to be addressed to establish to further characterise
CTNNBL1, CDH1, ITGAS3, and LAMCL as a general biomarker signature for cancer including

lung cancer.
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Figure 1: One dimensional gel electrophoresis of exosomes derived from H358 (HE), THPI

(TE) and MCEF7 (ME). The gels are analysed by one dimensional gel electrophoresis software
CLIQS.
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Figure 2: Amplification plot of Sample 1 & 2 of the biological triplicate Integrin alpha-3
(ITGAZ3). The color of the lines represents the technical replicates of each sample. A, Band C
represents the technical samples from HBTE and E, F and G represents the technical
triplicates of cancer cell H358.

192



Amplification Plot
1000 R R IR A B I R R R RRRRRRRRRRRRRRRRRRRBRBRRRRREERRREEEmDZS

100 -
14 s

é 0.1
<] 0.01
0.001 -
0.0001 |
0.00001 -
0.000001

2 4 & 8 10 12 14 16 18 X 2 XU X B N LV ¥ ¥ OAH L

Cycle

- Lagend

BA e Bc HD HE BF

Amplification Plot
| o] S N L

10 1
1 “
0.1
c
e 0.01-
<]
0.001 4
0.0001 1
0.00001 -
0.000001

2 4 & 8 10 12 4 1B 1B XN 2 X X A AN L K F R L

Cycle

- Lege

BA s Bc MWD HE WF

Figure 3: Amplification plot of Sample 1 & 2 of the biological triplicate Cadherin-1 (CDH1).
The color of the lines represents the technical replicates of each sample. A, B and C
represents the technical samples from HBTE and E, F and G represents the technical
triplicates of cancer cell H358.
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Figure 4: Amplification plot of Sample 1 & 2 of the biological triplicate Laminin gamma-1
(LAMCYL). The color of the lines represents the technical replicates of each sample. A, B and
C represents the technical samples from HBTE and E, F and G represents the technical
triplicates of cancer cell H358.
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Figure 5: Amplification plot of Sample 1 & 2 of the biological triplicate Catenin beta-1
(CTNNBL1). The color of the lines represents the technical replicates of each sample. A, B
and C represents the technical samples from HBTE and E, F and G represents the technical
triplicates of cancer cell H358.
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Figure 6: Amplification plot of Sample 1 & 2 of the biological triplicate Transforming
growth factor beta-2 (TGFB2). The color of the lines represents the technical replicates of
each sample. A, B and C represents the technical samples from HBTE and E, F and G
represents the technical triplicates of cancer cell H358.
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Figure 7: Amplification plot of Sample 1 & 2 of the biological triplicate Cathepsin D
(CSTD). The color of the lines represents the technical replicates of each sample. A, B and C
represents the technical samples from HBTE and E, F and G represents the technical
triplicates of cancer cell H358.
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Figure 8: Melting curve of Sample 1 of the biological triplicate of Integrin alpha-3 (ITGAS3).
The color of the lines represents the technical replicates of each sample. A, B and C
represents the technical samples from HBTE and E, F and G represents the technical
triplicates of cancer cell H358.
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Figure 9: Melting curve of Sample 2 of the biological triplicate of Integrin alpha-3 (ITGAS3).
The color of the lines represents the technical replicates of each sample. A, B and C
represents the technical samples from HBTE and E, F and G represents the technical
triplicates of cancer cell H358.
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Figure 10: Melting curve of Sample 1 of the biological triplicate of Cadherin-1. The color of
the lines represents the technical replicates of each sample. A, B and C represents the
technical samples from HBTE and E, F and G represents the technical triplicates of cancer
cell H358.
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Figure 11: Melting curve of Sample 2 of the biological triplicate of Cadherin-1. The color of
the lines represents the technical replicates of each sample. A, B and C represents the

technical samples from HBTE and E, F and G represents the technical triplicates of cancer
cell H358.
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Figure 12: Melting curve of Sample 1 of the biological triplicate of Laminin gamma-1
(LAMC1). The color of the lines represents the technical replicates of each sample. A, B and
C represents the technical samples from HBTE and E, F and G represents the technical
triplicates of cancer cell H358.
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Figure 13: Melting curve of Sample 2 of the biological triplicate of Laminin gamma-1
(LAMCYL). The color of the lines represents the technical replicates of each sample. A, B and
C represents the technical samples from HBTE and E, F and G represents the technical

triplicates of cancer cell H358.
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Figure 14: Melting curve of Sample 1 of the biological triplicate of Catenin beta-1
(CTNNB1). The color of the lines represents the technical replicates of each sample. A, B
and C represents the technical samples from HBTE and E, F and G represents the technical
triplicates of cancer cell H358.
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Figure 15: Melting curve of Sample 2 of the biological triplicate of Catenin beta-1
(CTNNB1). The color of the lines represents the technical replicates of each sample. A, B
and C represents the technical samples from HBTE and E, F and G represents the technical
triplicates of cancer cell H358.

205



Melt Curve

20000.0

15000.0
E
fis
<L
B
Ly
;=
(=]
o
[1¥]
[
o 10000.0
=
w
=
]
a

5000.0

65.0 70.0 75.0 80.0 85.0 a0.0 a5.0
Tm: §3.49
Temperature (°C)

Legend

oA B c MWDo ME WF

Figure 16: Melting curve of Sample 1 of the biological triplicate of Transforming growth
factor beta-2 (TGFB2). The color of the lines represents the technical replicates of each
sample. A, B and C represents the technical samples from HBTE and E, F and G represents
the technical triplicates of cancer cell H358.
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Figure 17: Melting curve of Sample 2 of the biological triplicate of Transforming growth
factor beta-2 (TGFB2). The color of the lines represents the technical replicates of each
sample. A, B and C represents the technical samples from HBTE and E, F and G represents

the technical triplicates of cancer cell H358.
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Figure 18: Melting curve of Sample 1 of the biological triplicate of Cathepsin D (CSTD).
The color of the lines represents the technical replicates of each sample. A, B and C
represents the technical samples from HBTE and E, F and G represents the technical
triplicates of cancer cell H358.

208



Melt Curve

56000.0

46000.0

36000.0

26000.0

Derivative Reporter (-R )

16000.0

6000.0

85.0 70.0 75.0 80.0 85.0 90.0 95.0
Tm: 86.77
Temperature (°C)
Legend

A s c WD HE WF

Figure 19: Melting curve of Sample 2 of the biological triplicate of Cathepsin D (CSTD).
The color of the lines represents the technical replicates of each sample. A, B and C
represents the technical samples from HBTE and E, F and G represents the technical
triplicates of cancer cell H358.
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Table 1: List of all proteins identified in these study from lung cancer cell line H358,
leukaemia cell line THP1, breast cancer cell line MCF7. The p value represents the
probability of the protein identification. The lower the p value the more the chance of any
protein identification being false positive. The cut off for false positive here is p<0.05 which
means there is at 5% chance of a protein identification being false positive.

# Protein Accession Number Alternate ID M\/(\J/l:%uhlfr A'\(I;Syaﬁu:; st
1 Adenylate kinase isoenzyme 1 KAD1_HUMAN AK1 22 kDa 0.0001
2 Stromal cell-derived factor 1 SDF1_HUMAN CXCL12 11 kDa 0.0001
3 Aconitate hydratase, mitochondrial ACON_HUMAN ACO2 85 kDa 0.0001
4 Dynactin subunit 2 DCTN2_HUMAN DCTN2 44 kDa 0.0001
5 Parathyroid hormone-related protein PTHR_HUMAN PTHLH 20 kDa 0.0001
6 Aldehyde dehydrogenase family 1 member A3 AL1A3 HUMAN ALDH1A3 56 kDa 0.0001
7 Heterogeneous nuclear ribonucleoprotein F HNRPF_HUMAN HNRNPF 46 kDa 0.0001
8 Protein DEK DEK_HUMAN DEK 43 kDa 0.0001
9 ATPase ASNA1 ASNA_HUMAN ASNA1 39 kDa 0.0001
10 G-protein coupled receptor 126 GP126_HUMAN GPR126 137 kDa 0.0001
11 Transgelin TAGL_HUMAN TAGLN 23 kDa 0.0001
12 Immunoglobulin superfamily member 1 IGSF1_HUMAN IGSF1 149 kDa 0.0001
13 Syntaxin-binding protein 1 STXB1_HUMAN STXBP1 68 kDa 0.0001
14 Alpha-1-antichymotrypsin AACT_HUMAN SERPINA3 48 kDa 0.0001
15 Tryptophan--tRNA ligase, cytoplasmic SYWC_HUMAN WARS 53 kDa 0.0001
16 DNA replication licensing factor MCM2 MCM2_HUMAN MCM2 102 kDa 0.0001
17 General transcription factor I1F subunit 1 T2FA_HUMAN GTF2F1 58 kDa 0.0001
18 Matrin-3 MATR3_HUMAN MATR3 95 kDa 0.0001
19 Microtubule-associated protein tau TAU_HUMAN MAPT 79 kDa 0.0001
20 Splicing factor 3B subunit 4 SF3B4_ HUMAN SF3B4 44 kDa 0.0001
21 Protein S100-A13 S10AD_HUMAN S100A13 11 kDa 0.0001
22 Nuclear valosin-containing protein-like NVL_HUMAN NVL 95 kDa 0.0001
23 Na(+)/H(+) exchange regulatory cofactor NHE-RF1 NHRF1_HUMAN SLCY9A3R1 39 kDa 0.0001
24 1g kappa chain C region IGKC_HUMAN IGKC 12 kDa 0.0001
323 Cluster of High mobility group protein B1 HMGB1_HUMAN [3] HMGB1 25 kDa 0.0041
26 Integrin alpha-3 ITA3_ HUMAN ITGA3 117 kDa 0.0001
27 Dihydropteridine reductase DHPR_HUMAN QDPR 26 kDa 0.0001
28 Tyrosine--tRNA ligase, cytoplasmic SYYC_HUMAN YARS 59 kDa 0.0001
29 Cluster of RNA-binding protein FUS FUS_HUMAN [2] FUS 53 kDa 0.0001
30 Asparagine--tRNA ligase, cytoplasmic SYNC_HUMAN NARS 63 kDa 0.0001
31 mRNA export factor RAE1IL_HUMAN RAE1L 41 kDa 0.0001
32 Cluster of Interleukin enhancer-binding factor 3 ILF3_HUMAN [2] ILF3 95 kDa 0.0001
33 Myelin P2 protein MYP2_HUMAN PMP2 15 kDa 0.0001
34 Serpin B5 SPB5_HUMAN SERPINBS 42 kDa 0.0001
35 Complement C1r subcomponent-like protein C1RL_HUMAN CI1RL 53 kDa 0.0001
36 Serrate RNA effector molecule homolog SRRT_HUMAN SRRT 101 kDa 0.0001
37 Flap endonuclease 1 FEN1 HUMAN FEN1 43 kDa 0.0001
38 Plasma protease C1 inhibitor IC1_HUMAN SERPING1 55 kDa 0.0001

210




39 Vasodilator-stimulated phosphoprotein VASP_HUMAN VASP 40 kDa 0.0001
40 Aldose reductase ALDR_HUMAN AKRI1B1 36 kDa 0.0001
41 Chorionic somatomammotropin hormone CSH_HUMAN CSH1 25 kDa 0.0001
380 Catenin beta-1 CTNB1_HUMAN CTNNB1 85 kDa 0.0075
586 Pregnancy zone protein PZP_HUMAN PZP 164 kDa 0.041
44 Luc7-like protein 3 LC7L3_ HUMAN LUCT7L3 51 kDa 0.0001
45 Adenosine kinase ADK_HUMAN ADK 41 kDa 0.0001
46 Protein HID1 HID1_HUMAN HID1 89 kDa 0.0001
47 Connective tissue growth factor CTGF_HUMAN CTGF 38 kDa 0.0001
48 Glutamine synthetase GLNA_HUMAN GLUL 42 kDa 0.0001
49 Cell cycle and apoptosis regulator protein 2 CCAR2_HUMAN CCAR2 103 kDa 0.0001
50 F-actin-capping protein subunit beta CAPZB_HUMAN CAPZB 31 kDa 0.0001
51 Cluster of Transportin-1 TNPO1_HUMAN [2] TNPO1 102 kDa 0.0001
Cluster of 26S proteasome non-ATPase regulatory subunit
52 4 PSMD4_HUMAN [2] PSMD4 41 kDa 0.0001
53 Tight junction protein ZO-1 Z0O1 HUMAN TJP1 195 kDa 0.0001
54 Protein S100-A2 S10A2_HUMAN S100A2 11 kDa 0.0001
Protein kinase C and casein kinase substrate in neurons
55 protein 3 PACN3_HUMAN PACSIN3 48 kDa 0.0001
56 Nidogen-1 NID1_ HUMAN NID1 136 kDa 0.0001
57 Plakophilin-3 PKP3_HUMAN PKP3 87 kDa 0.0001
58 Alpha-1-acid glycoprotein 1 AlAG1 HUMAN ORM1 24 kDa 0.0001
59 F-actin-capping protein subunit alpha-1 CAZA1_HUMAN CAPZA1 33 kDa 0.0001
60 Chromobox protein homolog 1 CBX1_HUMAN CBX1 21 kDa 0.0001
61 Cluster of Vimentin VIME_HUMAN [2] VIM 54 kDa 0.0001
62 Insulin-like growth factor-binding protein 4 1BP4_ HUMAN IGFBP4 28 kDa 0.0001
63 Methylosome subunit pICIn ICLN_HUMAN CLNS1A 26 kDa 0.0001
64 Calcyclin-binding protein CYBP_HUMAN CACYBP 26 kDa 0.0001
65 Importin-4 1PO4_HUMAN 1PO4 119 kDa 0.0001
66 Aflatoxin B1 aldehyde reductase member 2 ARK72_HUMAN AKR7A2 40 kDa 0.0001
67 Coronin-1A COR1A_HUMAN CORO1A 51 kDa 0.0001
68 Programmed cell death protein 4 PDCD4_HUMAN PDCD4 52 kDa 0.0001
69 72 kDa type IV collagenase MMP2_HUMAN MMP2 74 kDa 0.0001
70 Retinal dehydrogenase 1 AL1A1 HUMAN ALDHI1A1 55 kDa 0.0001
71 Leucine-rich alpha-2-glycoprotein A2GL_HUMAN LRG1 38 kDa 0.0001
72 Breast carcinoma-amplified sequence 1 BCAS1 HUMAN BCAS1 62 kDa 0.0001
73 Serine protease HTRAL HTRA1L HUMAN HTRA1 51 kDa 0.0001
74 Synaptic vesicle membrane protein VAT-1 homolog-like VATIL_HUMAN VATIL 46 kDa 0.0001
Cluster of Eukaryotic translation initiation factor 4
75 gamma 1 IFAG1_HUMAN [2] EIF4G1 175 kDa 0.0001
76 Histidine--tRNA ligase, cytoplasmic SYHC_HUMAN HARS 57 kDa 0.0001
77 Cluster of Haptoglobin HPT_HUMAN [2] HP 45 kDa 0.0001
78 GDNF family receptor alpha-1 GFRA1_HUMAN GFRA1 51 kDa 0.0001
79 Clathrin light chain B CLCB_HUMAN CLTB 25 kDa 0.0001
80 Arfaptin-2 ARFP2_ HUMAN ARFIP2 38 kDa 0.0001
Pleckstrin homology domain-containing family F member
81 2 PKHF2_HUMAN PLEKHF2 28 kDa 0.0001
82 Cathepsin S CATS_HUMAN CTSS 37 kDa 0.0001
83 Cleavage and polyadenylation specificity factor subunit 5 CPSF5_HUMAN NUDT21 26 kDa 0.0001
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84 Kininogen-1 KNG1_HUMAN KNG1 72 kDa 0.0001
85 Splicing factor 3A subunit 1 SF3A1_HUMAN SF3A1 89 kDa 0.0001
86 Negative elongation factor B NELFB_HUMAN NELFB 66 kDa 0.0001
87 Hyaluronidase-3 HYAL3 HUMAN HYAL3 47 kDa 0.0001
88 Cluster of Testican-1 TICN1_HUMAN [2] SPOCK1 49 kDa 0.00011
89 Eukaryotic translation initiation factor 4B IF4B_HUMAN EIF4B 69 kDa 0.00011
90 Clusterin CLUS_HUMAN CLU 52 kDa 0.00012
91 N-acetylmuramoyl-L-alanine amidase PGRP2_HUMAN PGLYRP2 62 kDa 0.00012
92 Dihydropyrimidinase-related protein 3 DPYL3_HUMAN DPYSL3 62 kDa 0.00012
93 Extracellular matrix protein 1 ECM1_HUMAN ECM1 61 kDa 0.00013
94 Cathepsin B CATB_HUMAN CTSB 38 kDa 0.00013
95 Mannose-1-phosphate guanyltransferase beta GMPPB_HUMAN GMPPB 40 kDa 0.00013
96 Cluster of Aldo-keto reductase family 1 member C1 AK1C1_HUMAN [2] AKR1C1 37 kDa 0.00013
97 Apoptosis inhibitor 5 AP15_HUMAN AP15 59 kDa 0.00014
98 Heterogeneous nuclear ribonucleoprotein R HNRPR_HUMAN HNRNPR 71 kDa 0.00014
99 Stress-induced-phosphoprotein 1 STIP1_HUMAN STIP1 63 kDa 0.00014
100 Coiled-coil domain-containing protein 18 CCD18_ HUMAN CCDC18 169 kDa 0.00015
101 Proteasome activator complex subunit 2 PSME2_HUMAN PSME2 27 kDa 0.00015
102 Ceruloplasmin CERU_HUMAN CP 122 kDa 0.00016
103 Afamin AFAM_HUMAN AFM 69 kDa 0.00017
104 Heterogeneous nuclear ribonucleoprotein M HNRPM_HUMAN HNRNPM 78 kDa 0.00017
105 Niban-like protein 1 NIBL1_HUMAN FAM129B 84 kDa 0.00017
106 Serine/arginine-rich splicing factor 3 SRSF3_HUMAN SRSF3 19 kDa 0.00018
107 Puromycin-sensitive aminopeptidase PSA_HUMAN NPEPPS 103 kDa 0.00019
108 Splicing factor 1 SF01_HUMAN SF1 68 kDa 0.00019
109 DnaJ homolog subfamily C member 3 DNJC3 HUMAN DNAJC3 58 kDa 0.0002
110 Pleckstrin PLEK_HUMAN PLEK 40 kDa 0.0002
596 Inter-alpha-trypsin inhibitor heavy chain H3 ITIH3_HUMAN ITIH3 100 kDa 0.044

112 Mitochondrial import receptor subunit TOM70 TOM70_HUMAN TOMMT70A 67 kDa 0.0002
113 T-complex protein 1 subunit zeta TCPZ HUMAN CCT6A 58 kDa 0.00021
114 Cluster of Ras GTPase-activating-like protein IQGAP1 IQGA1_HUMAN [3] 1QGAPL 189 kDa 0.00021
645 Cluster of Complement C4-A CO4A_HUMAN [2] C4A 193 kDa 0.056

116 Citrate synthase, mitochondrial CISY_HUMAN Cs 52 kDa 0.00022
117 Far upstream element-binding protein 2 FUBP2_HUMAN KHSRP 73 kDa 0.00022
118 L-lactate dehydrogenase B chain LDHB_HUMAN LDHB 37 kDa 0.00024
119 Signal recognition particle subunit SRP72 SRP72_HUMAN SRP72 75 kDa 0.00024
120 Guanine nucleotide-binding protein subunit alpha-13 GNA13 HUMAN GNA13 44 kDa 0.00024
121 CDKS5 regulatory subunit-associated protein 3 CK5P3_HUMAN CDK5RAP3 57 kDa 0.00024
122 Hypoxanthine-guanine phosphoribosyltransferase HPRT_HUMAN HPRT1 25 kDa 0.00025
123 High mobility group protein HMG-I/HMG-Y HMGA1 HUMAN HMGA1 12 kDa 0.00025
741 Putative histone H2B type 2-C H2B2C_HUMAN (+1) HIST2H2BC 21 kDa 0.08

125 UBX domain-containing protein 1 UBXN1_HUMAN UBXN1 33 kDa 0.00027

Serine/threonine-protein  phosphatase 2A 56 kDa

126 regulatory subunit gamma isoform 2A5G_HUMAN PPP2R5C 61 kDa 0.00027
127 D-3-phosphoglycerate dehydrogenase SERA_HUMAN PHGDH 57 kDa 0.00028
128 Protein S100-A4 S10A4_HUMAN S100A4 12 kDa 0.00029
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129 Secernin-1 SCRN1_HUMAN SCRN1 46 kDa 0.00029
130 Cluster of Alpha-internexin AINX_HUMAN [3] INA 55 kDa 0.00029
131 C-1-tetrahydrofolate synthase, cytoplasmic C1TC_HUMAN MTHFD1 102 kDa 0.0003
132 Serine/threonine-protein kinase VRK1 VRK1_HUMAN VRK1 45 kDa 0.0003
798 Alpha-2-macroglobulin A2MG_HUMAN A2M 163 kDa 0.098
Acidic leucine-rich nuclear phosphoprotein 32 family
134 member B AN32B_HUMAN ANP32B 29 kDa 0.00031
135 U2 small nuclear ribonucleoprotein A* RU2A_HUMAN SNRPA1 28 kDa 0.00031
136 Sorting nexin-1 SNX1_HUMAN SNX1 59 kDa 0.00033
137 60S ribosomal protein L10a RL10A_ HUMAN RPL10A 25 kDa 0.00033
138 Heterogeneous nuclear ribonucleoprotein H3 HNRH3_HUMAN HNRNPH3 37 kDa 0.00034
139 Cluster of Serine/threonine-protein kinase MST4 MST4_HUMAN [2] MST4 47 kDa 0.00036
949 Histone H1.5 H15 HUMAN HIST1H1B 23 kDa 0.16
141 Laminin subunit gamma-2 LAMC2_HUMAN LAMC2 131 kDa 0.00038
142 26S proteasome non-ATPase regulatory subunit 8 PSMD8_HUMAN PSMD8 40 kDa 0.0004
143 Leucine-rich repeat protein SHOC-2 SHOC2_HUMAN SHOC2 65 kDa 0.0004
144 Cleavage stimulation factor subunit 2 CSTF2_HUMAN CSTF2 61 kDa 0.0004
145 Cathepsin G CATG_HUMAN CTSG 29 kDa 0.0004
146 Nucleosome assembly protein 1-like 4 NP1L4 HUMAN NAP1L4 43 kDa 0.00041
147 Insulin-like growth factor-binding protein 5 I1BP5_ HUMAN IGFBP5 31 kDa 0.00041
148 Proliferating cell nuclear antigen PCNA_HUMAN PCNA 29 kDa 0.00041
149 Zyxin ZYX_HUMAN ZYX 61 kDa 0.00043
150 Synaptic vesicle membrane protein VAT-1 homolog VAT1 HUMAN VAT1 42 kDa 0.00043
Dihydrolipoyllysine-residue succinyltransferase
component of 2-oxoglutarate dehydrogenase complex,
151 mitochondrial 0D0O2_HUMAN DLST 49 kDa 0.00044
152 T-complex protein 1 subunit theta TCPQ_HUMAN CCT8 60 kDa 0.00045
Brain-specific angiogenesis inhibitor 1-associated protein
153 2-like protein 1 BI12L1 HUMAN BAIAP2L1 57 kDa 0.00047
154 Transcription factor BTF3 BTF3_HUMAN BTF3 22 kDa 0.00047
155 Stromelysin-2 MMP10_ HUMAN MMP10 54 kDa 0.00048
156 Fermitin family homolog 3 URP2_HUMAN FERMT3 76 kDa 0.00048
157 Cluster of Histone-binding protein RBBP7 RBBP7_HUMAN [2] RBBP7 48 kDa 0.00048
158 Poly [ADP-ribose] polymerase 1 PARP1_HUMAN PARP1 113 kDa 0.0005
Nuclear ubiquitous casein and cyclin-dependent kinase
159 substrate 1 NUCKS_HUMAN NUCKS1 27 kDa 0.0005
160 Tumor necrosis factor receptor superfamily member 6B TNF6B_HUMAN TNFRSF6B 33 kDa 0.0005
161 Src substrate cortactin SRC8_HUMAN CTTN 62 kDa 0.00054
162 Microtubule-associated protein RP/EB family member 1 MARE1 HUMAN MAPRE1 30 kDa 0.00055
163 Palmitoyl-protein thioesterase 1 PPT1 HUMAN PPT1 34 kDa 0.00056
164 Dipeptidyl peptidase 2 DPP2_HUMAN DPP7 54 kDa 0.00056
165 Serglycin SRGN_HUMAN SRGN 18 kDa 0.00056
166 Leucine zipper transcription factor-like protein 1 LZTL1 HUMAN LZTFL1 35 kDa 0.00059
167 Ras GTPase-activating protein-binding protein 2 G3BP2_HUMAN G3BP2 54 kDa 0.0006
168 Lysine--tRNA ligase SYK_HUMAN KARS 68 kDa 0.0006
169 Monocyte differentiation antigen CD14 CD14 HUMAN CD14 40 kDa 0.00061
170 RNA-binding protein Raly RALY_HUMAN RALY 32 kDa 0.00061
171 Lamin-B1 LMNB1_HUMAN LMNB1 66 kDa 0.00063
Aminoacyl tRNA synthase complex-interacting
172 multifunctional protein 1 AIMP1_HUMAN AIMP1 34 kDa 0.00066
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173 Heterogeneous nuclear ribonucleoprotein Q HNRPQ_HUMAN SYNCRIP 70 kDa 0.00069
174 Density-regulated protein DENR_HUMAN DENR 22 kDa 0.00069
175 Alpha-aminoadipic semialdehyde dehydrogenase AL7A1_HUMAN ALDH7A1 58 kDa 0.00073
176 Cytosol aminopeptidase AMPL_HUMAN LAP3 56 kDa 0.00074
177 Lysozyme C LYSC_HUMAN LYZ 17 kDa 0.00076
178 Programmed cell death 6-interacting protein PDC61_HUMAN PDCD6IP 96 kDa 0.00077
179 RNA-binding protein EWS EWS_HUMAN EWSR1 68 kDa 0.00077
180 Alanine--tRNA ligase, cytoplasmic SYAC_HUMAN AARS 107 kDa 0.00078
181 Caprin-1 CAPR1_HUMAN CAPRIN1 78 kDa 0.00079
182 Hemopexin HEMO_HUMAN HPX 52 kDa 0.0008
183 Drebrin-like protein DBNL_HUMAN DBNL 48 kDa 0.0008
184 ATP synthase subunit beta, mitochondrial ATPB_HUMAN ATP5B 57 kDa 0.00081
124 Alpha-1B-glycoprotein A1BG_HUMAN Al1BG 54 kDa 0.00025
236 Tumor-associated calcium signal transducer 2 TACD2_HUMAN TACSTD2 36 kDa 0.0015
187 GRIP1-associated protein 1 GRAP1_HUMAN GRIPAP1 96 kDa 0.00088
188 Cluster of Heterogeneous nuclear ribonucleoprotein H HNRH1 HUMAN [2] HNRNPH1 49 kDa 0.00089
189 Laminin subunit alpha-3 LAMA3_HUMAN LAMA3 367 kDa 0.00089
Serine/threonine-protein  phosphatase 2A 56 kDa
190 regulatory subunit epsilon isoform 2A5E_HUMAN PPP2R5E 55 kDa 0.0009
191 Spectrin alpha chain, non-erythrocytic 1 SPTN1 HUMAN SPTAN1 285 kDa 0.0009
192 Receptor expression-enhancing protein 5 REEP5_HUMAN REEPS 21 kDa 0.0009
193 Heterogeneous nuclear ribonucleoprotein Al ROA1_ HUMAN HNRNPA1 39 kDa 0.00091
Cluster of Dual specificity mitogen-activated protein

194 kinase kinase 1 MP2K1_HUMAN [2] MAP2K1 43 kDa 0.00093
195 Ig alpha-1 chain C region IGHA1_HUMAN IGHAL 38 kDa 0.00099
196 Protein bicaudal D homolog 2 BICD2_HUMAN BICD2 94 kDa 0.00099
197 V-type proton ATPase subunit E 1 VATE1 HUMAN ATP6VIEL 26 kDa 0.00099
198 Glycine--tRNA ligase SYG_HUMAN GARS 83 kDa 0.001

199 Uncharacterized protein C190rf43 CS043_ HUMAN C190rf43 18 kDa 0.001

200 T-complex protein 1 subunit beta TCPB_HUMAN CCT2 57 kDa 0.001

201 T-complex protein 1 subunit delta TCPD_HUMAN CCT4 58 kDa 0.001

202 Elongation factor 1-beta EF1B_HUMAN EEF1B2 25 kDa 0.001

203 Cluster of AP-1 complex subunit beta-1 AP1B1_HUMAN [2] AP1B1 105 kDa 0.0011
204 Chromodomain-helicase-DNA-binding protein 4 CHD4_HUMAN CHD4 218 kDa 0.0011
205 Heterogeneous nuclear ribonucleoprotein L HNRPL_HUMAN HNRNPL 64 kDa 0.0011
1073 Growth/differentiation factor 15 GDF15_HUMAN GDF15 34 kDa 0.23

207 Eukaryotic translation initiation factor 5 IF5_ HUMAN EIF5 49 kDa 0.0011
208 Transthyretin TTHY_HUMAN TTR 16 kDa 0.0011
209 Methionine aminopeptidase 1 MAP11_ HUMAN METAP1 43 kDa 0.0011
210 Importin subunit alpha-1 IMA1_HUMAN KPNA2 58 kDa 0.0011
211 Chromobox protein homolog 5 CBX5_HUMAN CBX5 22 kDa 0.0011
212 Eukaryotic translation initiation factor 5A-1 IF5A1_HUMAN (+1) EIF5A 17 kDa 0.0011
213 EGF-containing fibulin-like extracellular matrix protein 1 FBLN3_HUMAN EFEMP1 55 kDa 0.0012
214 Syntaxin-binding protein 2 STXB2_HUMAN STXBP2 66 kDa 0.0012
215 Cluster of Serine/threonine-protein kinase PAK 2 PAK2_HUMAN [2] PAK2 58 kDa 0.0012
216 Golgin subfamily A member 2 GOGA2_HUMAN GOLGA2 113 kDa 0.0013
217 Chromobox protein homolog 3 CBX3_HUMAN CBX3 21 kDa 0.0013
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218 Heat shock 70 kDa protein 4 HSP74 HUMAN HSPA4 94 kDa 0.0013
219 Coronin-1B COR1B_HUMAN CORO1B 54 kDa 0.0013
220 Cluster of Polyadenylate-binding protein 1 PABP1_HUMAN [4] PABPC1 71 kDa 0.0013
221 Serotransferrin TRFE_HUMAN TF 77 kDa 0.0014
222 Cluster of Protein lin-7 homolog C LIN7C_HUMAN [2] LIN7C 22 kDa 0.0014
223 Thrombospondin type-1 domain-containing protein 4 THSD4_ HUMAN THSD4 112 kDa 0.0014
224 Programmed cell death protein 10 PDC10_ HUMAN PDCD10 25 kDa 0.0014
225 Large neutral amino acids transporter small subunit 1 LAT1_ HUMAN SLC7A5 55 kDa 0.0014
226 Protein S100-A16 S10AG_HUMAN S100A16 12 kDa 0.0014
227 Disks large homolog 1 DLG1 HUMAN DLG1 100 kDa 0.0014
228 Fibromodulin FMOD_HUMAN FMOD 43 kDa 0.0015
229 Inter-alpha-trypsin inhibitor heavy chain H1 ITIHL_ HUMAN ITIHL 101 kDa 0.0015
230 Cluster of Actin-related protein 3 ARP3_HUMAN [2] ACTR3 47 kDa 0.0015
231 Eukaryotic translation initiation factor 3 subunit A EIF3A_HUMAN EIF3A 167 kDa 0.0015
232 Lysosomal alpha-mannosidase MA2B1_HUMAN MAN2B1 114 kDa 0.0015
233 NSFL1 cofactor p47 NSF1C_HUMAN NSFL1C 41 kDa 0.0015
234 Interleukin enhancer-binding factor 2 ILF2_ HUMAN ILF2 43 kDa 0.0015
235 Far upstream element-binding protein 3 FUBP3_HUMAN FUBP3 62 kDa 0.0015
489 Midkine MK_HUMAN MDK 16 kDa 0.019
237 Eukaryotic translation initiation factor 2 subunit 3 IF2G_HUMAN EIF2S3 51 kDa 0.0015
238 Casein kinase 11 subunit beta CSK2B_HUMAN CSNK2B 25 kDa 0.0016
239 E3 ubiquitin-protein ligase TRIM33 TRI33_HUMAN TRIM33 123 kDa 0.0016
240 Telomeric repeat-binding factor 2-interacting protein 1 TE2IP_HUMAN TERF2IP 44 kDa 0.0016
241 Bifunctional glutamate/proline--tRNA ligase SYEP_HUMAN EPRS 171 kDa 0.0016
421 Cadherin-1 CADH1_HUMAN CDH1 97 kDa 0.011
243 Cullin-associated NEDDB8-dissociated protein 1 CAND1 HUMAN CAND1 136 kDa 0.0016
244 Epiplakin EPIPL_HUMAN EPPK1 556 kDa 0.0016
245 Alpha-1-acid glycoprotein 2 Al1AG2_HUMAN ORM2 24 kDa 0.0017
246 Guanine nucleotide-binding protein subunit beta-2-like 1 GBLP_HUMAN GNB2L1 35 kDa 0.0017
247 Cluster of High mobility group protein B2 HMGB2_HUMAN [3] HMGB2 24 kDa 0.0017
248 DNA topoisomerase 1 TOP1_HUMAN TOP1 91 kDa 0.0018
249 Fibroblast growth factor-binding protein 1 FGFP1 HUMAN FGFBP1 26 kDa 0.0019
250 Laminin subunit beta-3 LAMB3_HUMAN LAMB3 130 kDa 0.0019
251 Fumarate hydratase, mitochondrial FUMH_HUMAN FH 55 kDa 0.0019
252 Sorting nexin-5 SNX5_HUMAN SNX5 47 kDa 0.0019
253 Metalloproteinase inhibitor 3 TIMP3_HUMAN TIMP3 24 kDa 0.0019
254 Transcription elongation regulator 1 TCRG1 HUMAN TCERG1 124 kDa 0.0019
255 Quinone oxidoreductase QOR_HUMAN CRYZ 35 kDa 0.0019
Cluster of Serine/threonine-protein phosphatase 2A 65
256 kDa regulatory subunit A alpha isoform 2AAA_HUMAN [2] PPP2R1A 65 kDa 0.0019
257 Obg-like ATPase 1 OLA1_ HUMAN OLA1 45 kDa 0.0019
258 T-complex protein 1 subunit epsilon TCPE_HUMAN CCT5 60 kDa 0.0019
259 Vacuolar protein sorting-associated protein 29 VPS29_ HUMAN VPS29 21 kDa 0.0021
260 Protein phosphatase 1G PPM1G_HUMAN PPM1G 59 kDa 0.0021
261 Olfactomedin-like protein 3 OLFL3_HUMAN OLFML3 46 kDa 0.0022
262 Testis-specific Y-encoded-like protein 5 TSYL5_HUMAN TSPYL5 45 kDa 0.0022
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263 Peptidyl-prolyl cis-trans isomerase C PPIC_HUMAN PPIC 23 kDa 0.0023
264 Plastin-1 PLSI_HUMAN PLS1 70 kDa 0.0023
265 Urokinase-type plasminogen activator UROK_HUMAN PLAU 49 kDa 0.0023
266 E3 ubiquitin-protein ligase CHIP CHIP_HUMAN STUB1 35 kDa 0.0023
267 N(G),N(G)-dimethylarginine dimethylaminohydrolase 2 DDAH2_HUMAN DDAH2 30 kDa 0.0023
268 Annexin A1 ANXA1 HUMAN ANXA1L 39 kDa 0.0023
269 Programmed cell death protein 6 PDCD6_HUMAN PDCD6 22 kDa 0.0023
270 V-type proton ATPase catalytic subunit A VATA_HUMAN ATPEV1A 68 kDa 0.0024
271 Complement component C7 CO7_HUMAN C7 94 kDa 0.0024
272 4-trimethylaminobutyraldehyde dehydrogenase AL9A1_HUMAN ALDH9A1 54 kDa 0.0024
273 T-complex protein 1 subunit eta TCPH_HUMAN CCT7 59 kDa 0.0024
274 Desmin DESM_HUMAN DES 54 kDa 0.0024
275 Choline-phosphate cytidylyltransferase A PCY1A_HUMAN PCYT1A 42 kDa 0.0025
276 Apolipoprotein A-11 APOA2_HUMAN APOA2 11 kDa 0.0026
277 Dihydropyrimidinase-related protein 2 DPYL2_HUMAN DPYSL2 62 kDa 0.0026
278 Cluster of Non-histone chromosomal protein HMG-17 HMGN2_HUMAN [2] HMGN2 9 kDa 0.0026
279 Heat shock 70 kDa protein 4L HS74L_HUMAN HSPA4L 95 kDa 0.0026
280 Transforming growth factor beta-2 TGFB2_HUMAN TGFB2 48 kDa 0.0026
281 40S ribosomal protein S20 RS20 HUMAN RPS20 13 kDa 0.0027
282 Sorting nexin-6 SNX6_HUMAN SNX6 47 kDa 0.0027
283 Integrin alpha-5 ITA5_ HUMAN ITGAS 115 kDa 0.0027
284 Secretogranin-2 SCG2_HUMAN SCG2 71 kDa 0.0028
285 COP9 signalosome complex subunit 7a CSN7A_HUMAN COPS7A 30 kDa 0.0028
286 Cluster of Mitogen-activated protein kinase 1 MKO01_HUMAN [2] MAPK1 41 kDa 0.0028
287 RNA-binding motif protein, X chromosome RBMX _HUMAN RBMX 42 kDa 0.003
288 Cluster of DnaJ homolog subfamily B member 1 DNJB1_HUMAN [2] DNAJB1 38 kDa 0.003
289 Endophilin-B2 SHLB2_HUMAN SH3GLB2 44 kDa 0.003
290 LIM and SH3 domain protein 1 LASP1_HUMAN LASP1 30 kDa 0.003
291 28 kDa heat- and acid-stable phosphoprotein HAP28 HUMAN PDAP1 21 kDa 0.003
292 Heat shock protein 105 kDa HS105_HUMAN HSPH1 97 kDa 0.0031
805 Prolactin-inducible protein PIP_HUMAN PIP 17 kDa 0.1

294 Aflatoxin B1 aldehyde reductase member 3 ARK73 HUMAN AKR7A3 37 kDa 0.0031
295 Protein-L-isoaspartate(D-aspartate) O-methyltransferase PIMT_HUMAN PCMT1 25 kDa 0.0031
296 Cluster of Dynamin-2 DYN2_HUMAN [2] DNM2 98 kDa 0.0032
297 Carbonic anhydrase 2 CAH2_HUMAN CA2 29 kDa 0.0032
298 Splicing factor 3B subunit 2 SF3B2_HUMAN SF3B2 100 kDa 0.0032
299 Neutrophil elastase ELNE_HUMAN ELANE 29 kDa 0.0033
300 Phosphoglucomutase-1 PGM1_HUMAN PGM1 61 kDa 0.0033
313 Junction plakoglobin PLAK_HUMAN JUP 82 kDa 0.0037
302 Probable ATP-dependent RNA helicase DDX17 DDX17_HUMAN DDX17 80 kDa 0.0034
303 Arfaptin-1 ARFP1_ HUMAN ARFIP1 42 kDa 0.0034

Bifunctional ATP-dependent dihydroxyacetone

304 kinase/FAD-AMP lyase (cyclizing) DHAK_HUMAN DAK 59 kDa 0.0034
305 Eukaryotic translation initiation factor 3 subunit E EIF3E_HUMAN EIF3E 52 kDa 0.0034
306 TAR DNA-binding protein 43 TADBP_HUMAN TARDBP 45 kDa 0.0035
307 Proteasome subunit beta type-7 PSB7_HUMAN PSMB7 30 kDa 0.0035
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308 Azurocidin CAP7_HUMAN AzZU1 27 kDa 0.0036
309 Collagen alpha-1(XVII) chain COHA1 HUMAN COL17A1 150 kDa 0.0036
310 Nuclear mitotic apparatus protein 1 NUMA1 HUMAN NUMA1L 238 kDa 0.0036
311 Laminin subunit gamma-1 LAMC1 HUMAN LAMC1 178 kDa 0.0036
312 C-type lectin domain family 11 member A CLC11_HUMAN CLEC11A 36 kDa 0.0037
669 Desmoplakin DESP_HUMAN DSP 332 kDa 0.061

314 Argininosuccinate synthase ASSY_HUMAN ASS1 47 kDa 0.0038
315 Cluster of Glutathione S-transferase Mu 3 GSTM3_HUMAN [3] GSTM3 27 kDa 0.0038
316 EH domain-containing protein 4 EHD4_HUMAN EHD4 61 kDa 0.0039
140 Cluster of Keratin, type | cytoskeletal 18 K1C18 HUMAN [2] KRT18 48 kDa 0.00038
318 Cluster of Fructose-1,6-bisphosphatase 1 F16P1_HUMAN [2] FBP1 37 kDa 0.004

319 Heterogeneous nuclear ribonucleoproteins A2/B1 ROA2_HUMAN HNRNPA2B1 37 kDa 0.0041
320 T-complex protein 1 subunit gamma TCPG_HUMAN CCT3 61 kDa 0.0041
321 Chitinase-3-like protein 1 CH3L1_ HUMAN CHI3L1 43 kDa 0.0041
322 Perilipin-3 PLIN3_HUMAN PLIN3 47 kDa 0.0041
293 Cluster of Catenin alpha-1 CTNA1_HUMAN [2] CTNNAL 100 kDa 0.0031

Activated RNA polymerase Il transcriptional coactivator
324 pl15 TCP4_HUMAN SUB1 14 kDa 0.0041
325 Coatomer subunit zeta-1 COPZ1_HUMAN COPZ1 20 kDa 0.0042
326 Collagen alpha-1(X1V) chain COEA1_ HUMAN COL14A1 194 kDa 0.0042
Succinyl-CoA:3-ketoacid coenzyme A transferase 1,

327 mitochondrial SCOT1_HUMAN OXCT1 56 kDa 0.0042
328 Tyrosine-protein phosphatase non-receptor type 6 PTN6_HUMAN PTPN6 68 kDa 0.0043
329 Plasminogen activator inhibitor 1 PAI1_ HUMAN SERPINE1 45 kDa 0.0044
330 Protein TFG TFG_HUMAN TFG 43 kDa 0.0044
331 Far upstream element-binding protein 1 FUBP1 HUMAN FUBP1 68 kDa 0.0045
332 Cluster of Gamma-enolase ENOG_HUMAN [2] ENO2 47 kDa 0.0045
333 Creatine kinase U-type, mitochondrial KCRU_HUMAN CKMTI1A 47 kDa 0.0045
334 Dynamin-like 120 kDa protein, mitochondrial OPA1 HUMAN OPA1 112 kDa 0.0045
335 PDZ domain-containing protein GIPC1 GIPC1_HUMAN GIPC1 36 kDa 0.0045
336 Leucine-rich repeat flightless-interacting protein 2 LRRF2_HUMAN LRRFIP2 82 kDa 0.0045
337 Angiopoietin-related protein 4 ANGL4 HUMAN ANGPTL4 45 kDa 0.0047
338 Pigment epithelium-derived factor PEDF_HUMAN SERPINF1 46 kDa 0.0047
339 Methionine aminopeptidase 2 MAP2_HUMAN METAP2 53 kDa 0.0047
340 Eukaryotic translation initiation factor 3 subunit H EIF3H_HUMAN EIF3H 40 kDa 0.0047
341 Transmembrane protein C160rf54 CP054_HUMAN C16orf54 24 kDa 0.0049
342 Antileukoproteinase SLPI_HUMAN SLPI 14 kDa 0.0049
343 Septin-9 SEPT9_HUMAN Sep-09 65 kDa 0.0049
344 Protein AMBP AMBP_HUMAN AMBP 39 kDa 0.005

345 Transcription intermediary factor 1-beta TIF1IB_HUMAN TRIM28 89 kDa 0.005

346 Catalase CATA_HUMAN CAT 60 kDa 0.005

347 ATP-dependent RNA helicase A DHX9_HUMAN DHX9 141 kDa 0.0053
960 Proteasome subunit beta type-6 PSB6_HUMAN PSMB6 25 kDa 0.16

349 LINE-1 retrotransposable element ORF1 protein LORF1_HUMAN L1RE1 40 kDa 0.0053
350 Sialic acid synthase SIAS_ HUMAN NANS 40 kDa 0.0054
351 Huntingtin-interacting protein 1-related protein HIPIR_HUMAN HIP1R 119 kDa 0.0054
352 Ran GTPase-activating protein 1 RAGP1_HUMAN RANGAP1 64 kDa 0.0056

217




353 Transferrin receptor protein 1 TFR1_HUMAN TFRC 85 kDa 0.0056
354 Aldehyde dehydrogenase, mitochondrial ALDH2_HUMAN ALDH2 56 kDa 0.0056
Deoxynucleoside triphosphate triphosphohydrolase
355 SAMHD1 SAMH1_HUMAN SAMHD1 72 kDa 0.0057
356 DNA replication licensing factor MCM6 MCM6_HUMAN MCM6 93 kDa 0.0058
357 Peroxidasin homolog PXDN_HUMAN PXDN 165 kDa 0.0059
358 N-terminal kinase-like protein NTKL_HUMAN SCYL1 90 kDa 0.0059
Signal transducer and activator of transcription 1-
359 alpha/beta STAT1_HUMAN STAT1 87 kDa 0.006
360 Stress-70 protein, mitochondrial GRP75_HUMAN HSPA9 74 kDa 0.006
361 Ubiquitin carboxyl-terminal hydrolase isozyme L1 UCHL1 HUMAN UCHL1 25 kDa 0.0061
362 Laminin subunit beta-2 LAMB2_HUMAN LAMB2 196 kDa 0.0063
1018 Ribosome-binding protein 1 RRBP1_HUMAN RRBP1 152 kDa 0.19
364 Granulins GRN_HUMAN GRN 64 kDa 0.0064
365 Basic leucine zipper and W2 domain-containing protein 1 BZW1_HUMAN BZW1 48 kDa 0.0065
366 Septin-7 SEPT7_HUMAN Sep-07 51 kDa 0.0066
367 X-ray repair cross-complementing protein 5 XRCC5_HUMAN XRCC5 83 kDa 0.0066
368 Ubiquitin-like modifier-activating enzyme 1 UBA1_HUMAN UBA1 118 kDa 0.0066
369 F-actin-capping protein subunit alpha-2 CAZA2_HUMAN CAPZA2 33 kDa 0.0067
370 Paraspeckle component 1 PSPC1_ HUMAN PSPC1 59 kDa 0.0067
371 Cullin-4B CUL4B_HUMAN CuUL4B 104 kDa 0.0067
372 Alpha-soluble NSF attachment protein SNAA_HUMAN NAPA 33 kDa 0.0068
373 Plastin-2 PLSL_HUMAN LCP1 70 kDa 0.0069
374 Angiotensinogen ANGT_HUMAN AGT 53 kDa 0.0069
375 Stanniocalcin-2 STC2_HUMAN STC2 33 kDa 0.0069
376 Fermitin family homolog 2 FERM2_HUMAN FERMT2 78 kDa 0.0071
377 Lactadherin MFGM_HUMAN MFGES8 43 kDa 0.0072
378 Proprotein convertase subtilisin/kexin type 9 PCSK9_HUMAN PCSK9 74 kDa 0.0072
379 Protein diaphanous homolog 1 DIAP1_HUMAN DIAPH1 141 kDa 0.0074
1061 Plectin PLEC_HUMAN PLEC 532 kDa 0.22
381 Cluster of Putative RNA-binding protein Luc7-like 2 LC7L2_HUMAN [2] LUC7L2 47 kDa 0.0075
382 RuvB-like 1 RUVB1_HUMAN RUVBL1 50 kDa 0.0076
383 Transcription elongation factor B polypeptide 2 ELOB_HUMAN TCEB2 13 kDa 0.0077
384 Ubiquitin carboxyl-terminal hydrolase 14 UBP14 HUMAN USP14 56 kDa 0.0077
385 Splicing factor 3A subunit 3 SF3A3_HUMAN SF3A3 59 kDa 0.0078
386 Leucine--tRNA ligase, cytoplasmic SYLC_HUMAN LARS 134 kDa 0.0078
387 DnaJ homolog subfamily C member 7 DNJC7_HUMAN DNAJC7 56 kDa 0.0079
388 Coatomer subunit delta COPD_HUMAN ARCN1 57 kDa 0.008
389 RNA-binding protein 8A RBM8A_HUMAN RBMSA 20 kDa 0.008
505 Cluster of Filamin-A FLNA_HUMAN [3] FLNA 281 kDa 0.021
391 Calcium-dependent secretion activator 1 CAPS1_HUMAN CADPS 153 kDa 0.0081
Regulation of nuclear pre-mRNA domain-containing
392 protein 1B RPR1B_HUMAN RPRD1B 37 kDa 0.0081
393 Scaffold attachment factor B1 SAFB1_ HUMAN SAFB 103 kDa 0.0081
394 COP9 signalosome complex subunit 7b CSN7B_HUMAN COPS7B 30 kDa 0.0081
396 Immunoglobulin lambda-like polypeptide 5 IGLL5_HUMAN IGLL5 23 kDa 0.0081
Cluster of 1g lambda chain V-1l region WIN
766 (LV209_HUMAN) LV209_HUMAN [2] 12 kDa 0.085
747 Adenosylhomocysteinase SAHH_HUMAN AHCY 48 kDa 0.082
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398 THUMP domain-containing protein 1 THUM1_HUMAN THUMPD1 39 kDa 0.0086
399 Heterogeneous nuclear ribonucleoprotein A3 ROA3_HUMAN HNRNPA3 40 kDa 0.0087
400 Cluster of Hsc70-interacting protein F10A1_HUMAN [2] ST13 41 kDa 0.0088
401 Selenide, water dikinase 1 SPS1_HUMAN SEPHS1 43 kDa 0.0088
402 Ribonucleoside-diphosphate reductase large subunit RIR1_HUMAN RRM1 90 kDa 0.009
403 Squamous cell carcinoma antigen recognized by T-cells 3 SART3_HUMAN SART3 110 kDa 0.0092
404 Proliferation-associated protein 2G4 PA2G4 HUMAN PA2G4 44 kDa 0.0092
405 Vacuolar protein sorting-associated protein 35 VPS35_HUMAN VPS35 92 kDa 0.0093
406 Kallikrein-10 KLK10_HUMAN KLK10 30 kDa 0.0094
407 Hypoxia up-regulated protein 1 HYOU1 HUMAN HYOU1 111 kDa 0.0095
408 40S ribosomal protein S11 RS11_ HUMAN RPS11 18 kDa 0.0096
409 40S ribosomal protein S10 RS10_ HUMAN RPS10 19 kDa 0.0096
410 26S protease regulatory subunit 6A PRS6A_HUMAN PSMC3 49 kDa 0.01

411 ATP-citrate synthase ACLY_HUMAN ACLY 121 kDa 0.01

412 Adenine phosphoribosyltransferase APT_HUMAN APRT 20 kDa 0.01

413 BRISC and BRCA1-A complex member 1 BABA1_ HUMAN BABAM1 37 kDa 0.01

414 Ferritin light chain FRIL_HUMAN FTL 20 kDa 0.011
415 Proteasome activator complex subunit 1 PSME1_HUMAN PSME1 29 kDa 0.011
416 Protein S100-A8 S10A8_HUMAN S100A8 11 kDa 0.011
417 Latent-transforming growth factor beta-binding protein 2 LTBP2_HUMAN LTBP2 195 kDa 0.011
418 Importin subunit alpha-5 IMA5_HUMAN KPNAL 60 kDa 0.011
419 Tubulin gamma-1 chain TBG1 HUMAN (+1) TUBG1 51 kDa 0.011
420 Enhancer of rudimentary homolog ERH_HUMAN ERH 12 kDa 0.011
348 Proteasome subunit beta type-1 PSB1_HUMAN PSMB1 26 kDa 0.0053

Small glutamine-rich tetratricopeptide repeat-containing

422 protein alpha SGTA_HUMAN SGTA 34 kDa 0.012
423 Actin-related protein 2/3 complex subunit 4 ARPC4 HUMAN ARPC4 20 kDa 0.012
424 Proteasome subunit beta type-4 PSB4_HUMAN PSMB4 29 kDa 0.012
425 Splicing factor 3B subunit 1 SF3B1_HUMAN SF3B1 146 kDa 0.012
426 Mitotic checkpoint protein BUB3 BUB3_HUMAN BUB3 37 kDa 0.012
427 60S acidic ribosomal protein P1 RLA1 HUMAN RPLP1 12 kDa 0.012
428 Cartilage oligomeric matrix protein COMP_HUMAN COMP 83 kDa 0.012
429 Mitochondrial fission 1 protein FIS1_HUMAN FIS1 17 kDa 0.012
430 Disco-interacting protein 2 homolog B DIP2B_HUMAN DIP2B 171 kDa 0.012
1214 Keratin, type II cuticular Hb2 KRT82_HUMAN KRT82 57 kDa 0.4

432 Sorting nexin-2 SNX2_HUMAN SNX2 58 kDa 0.013
433 Nuclear migration protein nudC NUDC_HUMAN NUDC 38 kDa 0.013
434 Hippocalcin-like protein 1 HPCL1_HUMAN HPCAL1 22 kDa 0.013
435 ATP-dependent RNA helicase DDX1 DDX1 HUMAN DDX1 82 kDa 0.013
436 Staphylococcal nuclease domain-containing protein 1 SND1_HUMAN SND1 102 kDa 0.013
437 Phosphatidylcholine-sterol acyltransferase LCAT_HUMAN LCAT 50 kDa 0.013
438 Catenin delta-1 CTND1_HUMAN CTNND1 108 kDa 0.013
439 X-ray repair cross-complementing protein 6 XRCC6_HUMAN XRCC6 70 kDa 0.013
440 14-3-3 protein epsilon 1433E_HUMAN YWHAE 29 kDa 0.014
441 Cluster of Nuclease-sensitive element-binding protein 1 YBOX1 _HUMAN [3] YBX1 36 kDa 0.014
442 Platelet-activating factor acetylhydrolase IB subunit beta PA1B2_HUMAN PAFAH1B2 26 kDa 0.014
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443 V-type proton ATPase subunit B, brain isoform VATB2_HUMAN ATP6V1B2 57 kDa 0.014
444 Synaptogyrin-2 SNG2_HUMAN SYNGR2 25 kDa 0.014
445 Carboxypeptidase E CBPE_HUMAN CPE 53 kDa 0.014
446 Proteasome activator complex subunit 3 PSME3_HUMAN PSME3 30 kDa 0.014
PERQ amino acid-rich with GYF domain-containing
447 protein 2 PERQ2_HUMAN GIGYF2 150 kDa 0.014
448 Insulin-like growth factor-binding protein 6 1BP6_HUMAN IGFBP6 25 kDa 0.014
449 Syntenin-1 SDCB1_HUMAN SDCBP 32 kDa 0.014
450 Probable ATP-dependent RNA helicase DDX5 DDX5 HUMAN DDX5 69 kDa 0.014
451 Nucleosome assembly protein 1-like 1 NP1L1 HUMAN NAP1L1 45 kDa 0.014
452 Splicing factor, proline- and glutamine-rich SFPQ_HUMAN SFPQ 76 kDa 0.014
453 60S ribosomal protein L8 RL8_HUMAN RPL8 28 kDa 0.014
1349 Protein S100-A11 S10AB_HUMAN S100A11 12 kDa 0.47
455 Glia-derived nexin GDN_HUMAN SERPINE2 44 kDa 0.015
456 Polyadenylate-binding protein-interacting protein 1 PAIP1_HUMAN PAIP1 54 kDa 0.015
457 CTP synthase 1 PYRG1_HUMAN CTPS1 67 kDa 0.015
458 Insulin-like growth factor-binding protein 7 I1BP7_HUMAN IGFBP7 29 kDa 0.015
459 Neogenin NEO1_HUMAN NEO1 160 kDa 0.015
460 Myeloblastin PRTN3_HUMAN PRTN3 28 kDa 0.015
461 PHD finger-like domain-containing protein 5A PHF5A_ HUMAN PHF5A 12 kDa 0.015
462 Cathepsin D CATD_HUMAN CTSD 45 kDa 0.015
463 Prefoldin subunit 2 PFD2_HUMAN PFDN2 17 kDa 0.016
464 Methionine adenosyltransferase 2 subunit beta MAT2B_HUMAN MAT2B 38 kDa 0.016
465 Transcriptional activator protein Pur-alpha PURA_HUMAN PURA 35 kDa 0.016
466 3'(2"),5'-bisphosphate nucleotidase 1 BPNT1_ HUMAN BPNT1 33 kDa 0.016
467 Transcriptional activator protein Pur-beta PURB_HUMAN PURB 33 kDa 0.016
468 Collagen alpha-1(V1I) chain CO7A1_HUMAN COL7AL 295 kDa 0.016
469 Importin-5 IPO5_HUMAN IPO5 124 kDa 0.016
470 26S protease regulatory subunit 4 PRS4 HUMAN PSMC1 49 kDa 0.016
1011 Protein S100-A6 S10A6_HUMAN S100A6 10 kDa 0.19
472 Galectin-7 LEG7_HUMAN LGALS7 15 kDa 0.016
473 Plasminogen activator inhibitor 1 RNA-binding protein PAIRB_HUMAN SERBP1 45 kDa 0.016
474 Kallikrein-6 KLK6_HUMAN KLK6 27 kDa 0.017
475 Non-histone chromosomal protein HMG-14 HMGN1 _HUMAN HMGN1 11 kDa 0.017
476 3-hydroxyacyl-CoA dehydrogenase type-2 HCD2_HUMAN HSD17B10 27 kDa 0.017
477 Proteasome subunit beta type-2 PSB2_HUMAN PSMB2 23 kDa 0.017
478 Hsp90 co-chaperone Cdc37 CDC37_HUMAN CDC37 44 kDa 0.017
479 DNA-(apurinic or apyrimidinic site) lyase APEX1_HUMAN APEX1 36 kDa 0.017
43 Annexin A2 ANXA2_HUMAN ANXA2 39 kDa 0.0001
481 Apolipoprotein A-1V APOA4_HUMAN APOA4 45 kDa 0.017
482 Prefoldin subunit 5 PFD5_HUMAN PFDN5 17 kDa 0.017
483 Sorcin SORCN_HUMAN SRI 22 kDa 0.018
1108 Protein disulfide-isomerase A4 PDIA4_HUMAN PDIA4 73 kDa 0.26
485 Cluster of Rab GDP dissociation inhibitor beta GDIB_HUMAN [2] GDI2 51 kDa 0.018
486 General vesicular transport factor p115 USO1 HUMAN USso1 108 kDa 0.018
487 Cluster of Rootletin CROCC_HUMAN [2] CROCC 229 kDa 0.018
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488 Non-POU domain-containing octamer-binding protein NONO_HUMAN NONO 54 kDa 0.018
568 Plasminogen PLMN_HUMAN PLG 91 kDa 0.035
490 40S ribosomal protein S16 RS16_HUMAN RPS16 16 kDa 0.019
491 Interstitial collagenase MMP1_ HUMAN MMP1 54 kDa 0.019
492 Glucose-6-phosphate 1-dehydrogenase G6PD_HUMAN G6PD 59 kDa 0.019
493 Laminin subunit alpha-5 LAMA5_HUMAN LAMAS 400 kDa 0.019
494 Annexin A7 ANXA7 HUMAN ANXAT7 53 kDa 0.019
495 Fibronectin FINC_HUMAN FEN1 263 kDa 0.019
496 Peptidyl-prolyl cis-trans isomerase FKBP4 FKBP4_HUMAN FKBP4 52 kDa 0.02
497 Myosin-15 MYH15_HUMAN MYH15 225 kDa 0.02
498 Cadherin EGF LAG seven-pass G-type receptor 2 CELR2_HUMAN CELSR2 317 kDa 0.02
499 Procollagen-lysine,2-oxoglutarate 5-dioxygenase 2 PLOD2_HUMAN PLOD2 85 kDa 0.02
500 Ribonuclease inhibitor RINI_HUMAN RNH1 50 kDa 0.02
501 Complement factor D CFAD_HUMAN CFD 27 kDa 0.02
502 Cleavage and polyadenylation specificity factor subunit 6 CPSF6_HUMAN CPSF6 59 kDa 0.021
1338 Proteasome subunit alpha type-6 PSA6_HUMAN PSMA6 27 kDa 0.45
504 Nuclear protein localization protein 4 homolog NPL4 HUMAN NPLOC4 68 kDa 0.021
480 Agrin AGRIN_HUMAN AGRN 217 kDa 0.017
506 Protein NDRG1 NDRG1 HUMAN NDRG1 43 kDa 0.021
507 T-complex protein 1 subunit alpha TCPA_HUMAN TCP1 60 kDa 0.021
508 Lamin-B2 LMNB2_HUMAN LMNB2 68 kDa 0.022
509 ELAV-like protein 1 ELAV1_HUMAN ELAVL1 36 kDa 0.022
510 Mesothelin MSLN_HUMAN MSLN 69 kDa 0.022
511 Beta-2-glycoprotein 1 APOH_HUMAN APOH 38 kDa 0.022
512 Formin-binding protein 1-like FBP1L_HUMAN FNBP1L 70 kDa 0.022
Cluster of KH domain-containing, RNA-binding, signal
513 transduction-associated protein 1 KHDR1_HUMAN [2] KHDRBS1 48 kDa 0.023
514 Beta-hexosaminidase subunit beta HEXB_HUMAN HEXB 63 kDa 0.023
515 Procollagen-lysine,2-oxoglutarate 5-dioxygenase 3 PLOD3_HUMAN PLOD3 85 kDa 0.023
516 Cytoskeleton-associated protein 5 CKAP5_HUMAN CKAP5 226 kDa 0.023
517 Metalloproteinase inhibitor 1 TIMP1_ HUMAN TIMP1 23 kDa 0.023
518 Eukaryotic translation initiation factor 3 subunit K EIF3K_HUMAN EIF3K 25 kDa 0.024
947 Cluster of Receptor-type tyrosine-protein phosphatase F PTPRF_HUMAN [2] PTPRF 213 kDa 0.16
612 Cluster of Thrombospondin-1 TSP1_HUMAN [2] THBS1 129 kDa 0.05
521 Integrin alpha-6 ITA6_HUMAN ITGA6 127 kDa 0.024
522 Macrophage-capping protein CAPG_HUMAN CAPG 38 kDa 0.024
1106 Fatty acid synthase FAS_HUMAN FASN 273 kDa 0.25
524 Tether containing UBX domain for GLUT4 ASPC1_HUMAN ASPSCR1 60 kDa 0.024
525 Proteasome subunit beta type-8 PSB8_HUMAN PSMB8 30 kDa 0.025
526 Cluster of Protein SET SET_HUMAN [2] SET 33 kDa 0.025
527 Cluster of Lamina-associated polypeptide 2, isoform alpha LAP2A_HUMAN [2] TMPO 75 kDa 0.025
528 Heterogeneous nuclear ribonucleoprotein K HNRPK_HUMAN HNRNPK 51 kDa 0.025
529 Cluster of Hexokinase-1 HXK1_HUMAN [2] HK1 102 kDa 0.025
530 COP9 signalosome complex subunit 2 CSN2_HUMAN COPS2 52 kDa 0.025
531 DNA replication licensing factor MCM3 MCM3_HUMAN MCM3 91 kDa 0.026
532 Signal recognition particle 9 kDa protein SRP09_HUMAN SRP9 10 kDa 0.026
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533 Zinc finger RNA-binding protein ZFR_HUMAN ZFR 117 kDa 0.026
534 14-3-3 protein eta 1433F_HUMAN YWHAH 28 kDa 0.027
535 Receptor-type tyrosine-protein phosphatase S PTPRS_HUMAN PTPRS 217 kDa 0.027
536 Bifunctional purine biosynthesis protein PURH PUR9_HUMAN ATIC 65 kDa 0.027
537 S-phase kinase-associated protein 1 SKP1_HUMAN SKP1 19 kDa 0.027
538 Small nuclear ribonucleoprotein Sm D3 SMD3_HUMAN SNRPD3 14 kDa 0.027
539 NADP-dependent malic enzyme MAOX_HUMAN ME1 64 kDa 0.028
540 RuvB-like 2 RUVB2_HUMAN RUVBL2 51 kDa 0.028
883 Cluster of Myosin light polypeptide 6 MYL6_HUMAN [2] MYL6 17 kDa 0.13
542 60S acidic ribosomal protein PO RLA0O_HUMAN RPLPO 34 kDa 0.029
543 DnaJ homolog subfamily C member 8 DNJC8 HUMAN DNAJC8 30 kDa 0.03
1164 Triosephosphate isomerase TPIS_HUMAN TPI1 31 kDa 0.32
545 Proteasome subunit beta type-5 PSB5_HUMAN PSMB5 28 kDa 0.03
546 Transcription elongation factor B polypeptide 1 ELOC_HUMAN TCEB1 12 kDa 0.031
547 Sortilin SORT_HUMAN SORT1 92 kDa 0.031
548 Eukaryotic translation initiation factor 4H IF4H_HUMAN EIF4H 27 kDa 0.032
549 E3 ubiquitin-protein ligase HUWE1 HUWE1_HUMAN HUWE1 482 kDa 0.032
550 Epidermal growth factor receptor substrate 15-like 1 EP15R_HUMAN EPS15L1 94 kDa 0.032
984 Protein piccolo PCLO_HUMAN PCLO 553 kDa 0.18
552 Golgi-associated plant pathogenesis-related protein 1 GAPR1_HUMAN GLIPR2 17 kDa 0.032
553 Protein jagged-1 JAG1_ HUMAN JAG1 134 kDa 0.032
554 Nucleolar and coiled-body phosphoprotein 1 NOLC1 HUMAN NOLC1 74 kDa 0.032
1049 Apolipoprotein M APOM_HUMAN APOM 21 kDa 0.21
556 Eukaryotic peptide chain release factor subunit 1 ERF1_ HUMAN ETF1 49 kDa 0.032
557 Tenascin TENA_HUMAN TNC 241 kDa 0.033
558 Eukaryotic translation initiation factor 3 subunit B EIF3B_HUMAN EIF3B 92 kDa 0.033
559 DNA-dependent protein kinase catalytic subunit PRKDC_HUMAN PRKDC 469 kDa 0.034
560 COP9 signalosome complex subunit 8 CSN8_HUMAN COPS8 23 kDa 0.034
561 Cluster of Spectrin beta chain, non-erythrocytic 1 SPTB2_HUMAN [3] SPTBN1 275 kDa 0.034
562 Lactotransferrin TRFL_HUMAN LTF 78 kDa 0.034
563 40S ribosomal protein S3 RS3_HUMAN RPS3 27 kDa 0.034
564 Protein transport protein Sec31A SC31A_HUMAN SEC31A 133 kDa 0.034
565 THO complex subunit 4 THOC4 HUMAN ALYREF 27 kDa 0.034
566 Protein FAM98B FA98B_HUMAN FAM98B 37 kDa 0.034
567 Nuclear transport factor 2 NTF2_ HUMAN NUTF2 14 kDa 0.035
185 Neutral alpha-glucosidase AB GANAB_HUMAN GANAB 107 kDa 0.00083
569 Glypican-1 GPC1 HUMAN GPC1 62 kDa 0.035
570 40S ribosomal protein S5 RS5 HUMAN RPS5 23 kDa 0.036
571 Laminin subunit beta-1 LAMB1_HUMAN LAMB1 198 kDa 0.037
572 Ataxin-10 ATX10_HUMAN ATXN10 53 kDa 0.037
573 Fascin FSCN1_ HUMAN FSCN1 55 kDa 0.037
574 Apolipoprotein C-11 APOC2_HUMAN APOC?2 11 kDa 0.038
575 Ethylmalonyl-CoA decarboxylase ECHD1 HUMAN ECHDC1 34 kDa 0.038
576 Dystroglycan DAG1_HUMAN DAG1 97 kDa 0.038
577 60S ribosomal protein L22 RL22_HUMAN RPL22 15 kDa 0.038
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390 Galectin-3-binding protein LG3BP_HUMAN LGALS3BP 65 kDa 0.008
579 Lupus La protein LA _HUMAN SSB 47 kDa 0.039
580 Thyroxine-binding globulin THBG_HUMAN SERPINA7 46 kDa 0.039
581 40S ribosomal protein S15a RS15A_HUMAN RPS15A 15 kDa 0.039
582 Transforming growth factor-beta-induced protein ig-h3 BGH3_HUMAN TGFBI 75 kDa 0.039
643 Histone H2A.V H2AV_HUMAN (+1) H2AFV 14 kDa 0.056
584 Semaphorin-3C SEM3C_HUMAN SEMA3C 85 kDa 0.041
Cluster of Acidic leucine-rich nuclear phosphoprotein 32
585 family member A AN32A_HUMAN [2] ANP32A 29 kDa 0.041
1014 Amyloid-like protein 2 APLP2_HUMAN APLP2 87 kDa 0.19
587 40S ribosomal protein S8 RS8_HUMAN RPS8 24 kDa 0.041
588 Serine/arginine-rich splicing factor 9 SRSF9_HUMAN SRSF9 26 kDa 0.041
589 Growth arrest-specific protein 6 GAS6_HUMAN GAS6 80 kDa 0.041
590 Renin receptor RENR_HUMAN ATP6AP2 39 kDa 0.041
591 Endoplasmic reticulum resident protein 44 ERP44 HUMAN ERP44 47 kDa 0.041
662 14-3-3 protein gamma 1433G_HUMAN YWHAG 28 kDa 0.059
1138 Cell division control protein 42 homolog CDC42_HUMAN CDC42 21 kDa 0.28
594 Cluster of Ras-related protein Rap-1b RAP1B_HUMAN [2] RAP1B 21 kDa 0.043
555 Alpha-fetoprotein FETA_HUMAN AFP 69 kDa 0.032
1171 14-3-3 protein zeta/delta 1433Z_HUMAN YWHAZ 28 kDa 0.32
597 Malate dehydrogenase, cytoplasmic MDHC_HUMAN MDH1 36 kDa 0.046
25 Cluster of Hemoglobin subunit beta HBB_HUMAN [5] HBB 16 kDa 0.0001
599 Glyoxylate reductase/hydroxypyruvate reductase GRHPR_HUMAN GRHPR 36 kDa 0.046
600 Sushi repeat-containing protein SRPX2 SRPX2_HUMAN SRPX2 53 kDa 0.047
601 Protein unc-45 homolog A UN45A_HUMAN UNC45A 103 kDa 0.047
602 Cytoplasmic dynein 1 intermediate chain 2 DC112 HUMAN DYNC112 71 kDa 0.048
484 Cluster of Histone H3.2 H32_HUMAN [3] HIST2H3A 15 kDa 0.018
604 Eukaryotic translation initiation factor 2A EIF2A_HUMAN EIF2A 65 kDa 0.048
520 Proteasome subunit alpha type-1 PSA1_ HUMAN PSMA1 30 kDa 0.024
606 Apolipoprotein D APOD_HUMAN APOD 21 kDa 0.049
607 Arginine--tRNA ligase, cytoplasmic SYRC_HUMAN RARS 75 kDa 0.049
608 Cluster of Serine/arginine-rich splicing factor 2 SRSF2_HUMAN [2] SRSF2 25 kDa 0.049
609 Cluster of ATP-dependent RNA helicase DDX3X DDX3X_HUMAN [2] DDX3X 73 kDa 0.049
610 Cluster of Complement factor H CFAH_HUMAN [2] CFH 139 kDa 0.05
611 Carbohydrate sulfotransferase 14 CHSTE_HUMAN CHST14 43 kDa 0.05
846 Apolipoprotein E APOE_HUMAN APOE 36 kDa 0.11
613 Cluster of Ras-related C3 botulinum toxin substrate 1 RAC1_HUMAN [2] RAC1 21 kDa 0.05
614 Eukaryotic translation initiation factor 3 subunit L EIF3L_HUMAN EIF3L 67 kDa 0.05
615 Collagen triple helix repeat-containing protein 1 CTHR1 HUMAN CTHRC1 26 kDa 0.051
616 NAD(P)H dehydrogenase [quinone] 1 NQO1 HUMAN NQO1 31 kDa 0.052
617 Claudin-3 CLD3_HUMAN CLDN3 23 kDa 0.052
878 Tetranectin TETN_HUMAN CLEC3B 23 kDa 0.12
619 Carbohydrate sulfotransferase 11 CHSTB_HUMAN CHST11 42 kDa 0.052
620 Biglycan PGS1_HUMAN BGN 42 kDa 0.052
621 PCTP-like protein PCTL_HUMAN STARD10 33 kDa 0.052
622 tRNA-splicing ligase RtcB homolog RTCB_HUMAN RTCB 55 kDa 0.052
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623 Cluster of Phosphoglycerate mutase 1 PGAM1_HUMAN [2] PGAM1 29 kDa 0.052
624 Isocitrate dehydrogenase [NADP] cytoplasmic IDHC_HUMAN IDH1 47 kDa 0.052
625 Prostaglandin F2 receptor negative regulator FPRP_HUMAN PTGFRN 99 kDa 0.052
626 Glutamine-dependent NAD(+) synthetase NADE_HUMAN NADSYN1 79 kDa 0.053
627 Importin subunit alpha-7 IMA7_HUMAN KPNA6 60 kDa 0.053
628 Dynein light chain 1, cytoplasmic DYL1 HUMAN DYNLL1 10 kDa 0.053
629 Phosphatidylinositol 3,4,5-trisphosphate 5-phosphatase 1 SHIP1_ HUMAN INPP5D 133 kDa 0.053
630 Prothrombin THRB_HUMAN F2 70 kDa 0.053
631 Elongation factor 1-delta EF1D_HUMAN EEF1D 31 kDa 0.053
632 Annexin A3 ANXA3_HUMAN ANXA3 36 kDa 0.053
633 Periostin POSTN_HUMAN POSTN 93 kDa 0.053
634 Integrin beta-6 1TB6_HUMAN ITGB6 86 kDa 0.054
635 Phosphatidylinositol-glycan-specific phospholipase D PHLD_HUMAN GPLD1 92 kDa 0.054
636 Coagulation factor IX FA9_HUMAN F9 52 kDa 0.055
637 Glutathione peroxidase 1 GPX1_HUMAN GPX1 22 kDa 0.055
638 Differentially expressed in FDCP 6 homolog DEFI6_HUMAN DEF6 74 kDa 0.055
639 Prolow-density lipoprotein receptor-related protein 1 LRP1_ HUMAN LRP1 505 kDa 0.055
640 Complement factor | CFAI_HUMAN CFI 66 kDa 0.055
641 Acidic mammalian chitinase CHIA_HUMAN CHIA 52 kDa 0.055
642 Cluster of Kinesin light chain 2 KLC2_HUMAN [2] KLC2 69 kDa 0.055
317 Antithrombin-111 ANT3_HUMAN SERPINC1 53 kDa 0.0039
644 Thioredoxin-like protein 1 TXNL1 HUMAN TXNL1 32 kDa 0.056
654 Cluster of L-lactate dehydrogenase A chain LDHA_HUMAN [2] LDHA 37 kDa 0.057
646 Isoleucine--tRNA ligase, cytoplasmic SYIC_HUMAN IARS 145 kDa 0.056
647 Eukaryotic translation initiation factor 3 subunit F EIF3F_HUMAN EIF3F 38 kDa 0.056
648 Phospholipase A-2-activating protein PLAP_HUMAN PLAA 87 kDa 0.056
649 C-type mannose receptor 2 MRC2_HUMAN MRC2 167 kDa 0.056
650 Integrin beta-2 1TB2_HUMAN 1ITGB2 85 kDa 0.056
651 Eukaryotic translation initiation factor 2 subunit 1 IF2A_HUMAN EIF2S1 36 kDa 0.057
652 Eukaryotic translation initiation factor 3 subunit D EIF3D_HUMAN EIF3D 64 kDa 0.057
653 Transcription factor TFI11B component B* homolog BDP1_HUMAN BDP1 294 kDa 0.057
206 Importin subunit beta-1 IMB1_HUMAN KPNB1 97 kDa 0.0011
655 Collagen alpha-3(VI) chain CO6A3_HUMAN COL6A3 344 kDa 0.057
656 6-phosphogluconate dehydrogenase, decarboxylating 6PGD_HUMAN PGD 53 kDa 0.058
657 Neuroendocrine convertase 2 NEC2_HUMAN PCSK2 71 kDa 0.058
658 Proteasomal ubiquitin receptor ADRM1 ADRM1_HUMAN ADRM1 42 kDa 0.058
659 SUMO-activating enzyme subunit 2 SAE2_HUMAN UBA2 71 kDa 0.058
660 RNA-binding protein 10 RBM10_HUMAN RBM10 104 kDa 0.058
661 Cluster of DCN1-like protein 1 DCNL1_HUMAN [2] DCUN1D1 30 kDa 0.059
503 4F2 cell-surface antigen heavy chain 4F2_HUMAN SLC3A2 68 kDa 0.021
663 Actin-related protein 2/3 complex subunit 3 ARPC3_HUMAN ARPC3 21 kDa 0.059
664 40S ribosomal protein SA RSSA_HUMAN RPSA 33 kDa 0.059
665 Actin-related protein 2 ARP2_HUMAN ACTR2 45 kDa 0.06

666 Histone-lysine N-methyltransferase setd3 SETD3_HUMAN SETD3 67 kDa 0.06

667 Hepatoma-derived growth factor-related protein 2 HDGR2_HUMAN HDGFRP2 74 kDa 0.06

224




668 EMILIN-2 EMIL2_HUMAN EMILIN2 116 kDa 0.061
795 Integrin beta-1 ITB1_HUMAN ITGB1 88 kDa 0.096
670 Prolyl 4-hydroxylase subunit alpha-1 P4HA1 HUMAN P4HAL 61 kDa 0.061
671 Ig gamma-4 chain C region IGHG4_ HUMAN IGHG4 36 kDa 0.061
672 Importin-7 IPO7_HUMAN IPO7 120 kDa 0.062
673 PDZ and LIM domain protein 1 PDLI1_HUMAN PDLIM1 36 kDa 0.062
674 182 kDa tankyrase-1-binding protein TB182_HUMAN TNKS1BP1 182 kDa 0.062
675 Microfibrillar-associated protein 1 MFAP1_HUMAN MFAP1 52 kDa 0.062
676 Calcium-regulated heat stable protein 1 CHSP1_HUMAN CARHSP1 16 kDa 0.062
677 Exportin-2 XPO2_HUMAN CSE1L 110 kDa 0.062
678 Sorbitol dehydrogenase DHSO_HUMAN SORD 38 kDa 0.063
679 Na(+)/H(+) exchange regulatory cofactor NHE-RF2 NHRF2_HUMAN SLCY9A3R2 37 kDa 0.063
680 Glycogen phosphorylase, liver form PYGL_HUMAN PYGL 97 kDa 0.064
681 Profilin-1 PROF1_HUMAN PFEN1 15 kDa 0.064
592 Hemoglobin subunit alpha HBA_HUMAN HBAL 15 kDa 0.041
683 Probable E3 ubiquitin-protein ligase HECTD4 HECD4 HUMAN HECTD4 439 kDa 0.064
684 Protein CYR61 CYR61_HUMAN CYR61 42 kDa 0.064
Cluster of Heterogeneous nuclear ribonucleoproteins
685 Cl/C2 HNRPC_HUMAN [3] HNRNPC 34 kDa 0.065
686 Tetratricopeptide repeat protein 1 TTC1_HUMAN TTC1 34 kDa 0.065
687 Nck-associated protein 1 NCKP1_HUMAN NCKAP1 129 kDa 0.065
688 Purine nucleoside phosphorylase PNPH_HUMAN PNP 32 kDa 0.066
689 SH3 domain-binding protein 1 3BP1_HUMAN SH3BP1 76 kDa 0.066
690 FRAS1-related extracellular matrix protein 2 FREM2_HUMAN FREM2 351 kDa 0.066
691 Polypeptide N-acetylgalactosaminyltransferase 2 GALT2_HUMAN GALNT2 65 kDa 0.067
692 Heat shock protein beta-1 HSPB1_HUMAN HSPB1 23 kDa 0.067
693 Ras GTPase-activating protein-binding protein 1 G3BP1_HUMAN G3BP1 52 kDa 0.067
694 Kinectin KTN1_HUMAN KTN1 156 kDa 0.067
695 FACT complex subunit SSRP1 SSRP1_HUMAN SSRP1 81 kDa 0.068
696 Receptor expression-enhancing protein 6 REEP6_HUMAN REEP6 21 kDa 0.069
697 Tropomodulin-3 TMOD3_HUMAN TMOD3 40 kDa 0.069
698 Ubiquitin carboxyl-terminal hydrolase 5 UBP5_HUMAN USP5 96 kDa 0.069
699 5'-nucleotidase 5NTD_HUMAN NT5E 63 kDa 0.069
700 Inhibin beta B chain INHBB_HUMAN INHBB 45 kDa 0.069
701 Platelet-derived growth factor C PDGFC_HUMAN PDGFC 39 kDa 0.069
Deoxyuridine 5'-triphosphate nucleotidohydrolase,
702 mitochondrial DUT_HUMAN DUT 27 kDa 0.07
703 Protein-methionine sulfoxide oxidase MICAL1 MICA1_HUMAN MICAL1 118 kDa 0.071
704 Nucleobindin-2 NUCB2_HUMAN NUCB2 50 kDa 0.071
705 Glycogen phosphorylase, brain form PYGB_HUMAN PYGB 97 kDa 0.072
706 Creatine kinase B-type KCRB_HUMAN CKB 43 kDa 0.072
707 Desmocollin-1 DSC1_HUMAN DSC1 100 kDa 0.072
708 Eukaryotic translation initiation factor 3 subunit C EIF3C_HUMAN EIF3C 105 kDa 0.072
709 Phenylalanine--tRNA ligase beta subunit SYFB_HUMAN FARSB 66 kDa 0.073
710 Treacle protein TCOF_HUMAN TCOF1 152 kDa 0.073
711 Interferon-induced 35 kDa protein IN35_ HUMAN IFI35 32 kDa 0.073
712 26S proteasome non-ATPase regulatory subunit 2 PSMD2_HUMAN PSMD2 100 kDa 0.073
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713 Prefoldin subunit 6 PFD6_HUMAN PFDN6 15 kDa 0.074
1498 Cluster of Nucleoside diphosphate kinase B NDKB_HUMAN [2] NME2 17 kDa 0.91
715 Cluster of Serine/arginine-rich splicing factor 6 SRSF6_HUMAN [2] SRSF6 40 kDa 0.074
716 Beta-2-microglobulin B2MG_HUMAN B2M 14 kDa 0.074
717 Microtubule-associated protein 1B MAP1B_HUMAN MAP1B 271 kDa 0.074
Pyridoxal-dependent decarboxylase domain-containing
718 protein 1 PDXD1_HUMAN PDXDC1 87 kDa 0.074
719 YLP motif-containing protein 1 YLPM1_HUMAN YLPM1 220 kDa 0.074
720 Proteasome subunit alpha type-2 PSA2_HUMAN PSMA2 26 kDa 0.075
Basement membrane-specific heparan sulfate
721 proteoglycan core protein PGBM_HUMAN HSPG2 469 kDa 0.075
722 Profilin-2 PROF2_HUMAN PEN2 15 kDa 0.075
519 Fibulin-1 FBLN1 HUMAN FBLN1 77 kDa 0.024
724 Coagulation factor V FA5_HUMAN F5 252 kDa 0.076
725 Annexin A1l ANX11 HUMAN ANXA11 54 kDa 0.076
726 Cluster of 14-3-3 protein theta 1433T_HUMAN [2] YWHAQ 28 kDa 0.077
727 Thrombospondin-4 TSP4_ HUMAN THBS4 106 kDa 0.077
728 Dynactin subunit 1 DCTN1_HUMAN DCTN1 142 kDa 0.077
729 Integrin alpha-V ITAV_HUMAN ITGAV 116 kDa 0.077
730 Small nuclear ribonucleoprotein Sm D2 SMD2_HUMAN SNRPD2 14 kDa 0.078
731 Fetuin-B FETUB_HUMAN FETUB 42 kDa 0.078
732 UDP-glucose 4-epimerase GALE_HUMAN GALE 38 kDa 0.078
733 von Willebrand factor A domain-containing protein 1 VWAL HUMAN VWAL 47 kDa 0.079
Cluster of Glutamine--fructose-6-phosphate
734 aminotransferase [isomerizing] 1 GFPT1_HUMAN [2] GFPT1 79 kDa 0.079
735 Proteasome subunit alpha type-5 PSA5_HUMAN PSMA5 26 kDa 0.079
Isocitrate  dehydrogenase  [NAD]  subunit  alpha,
736 mitochondrial IDH3A_HUMAN IDH3A 40 kDa 0.08
737 Heterogeneous nuclear ribonucleoprotein A/B ROAA_HUMAN HNRNPAB 36 kDa 0.08
738 Calsyntenin-3 CSTN3_HUMAN CLSTN3 106 kDa 0.08
739 Tissue factor pathway inhibitor 2 TFP12_HUMAN TFPI2 27 kDa 0.08
740 Retinol-binding protein 4 RET4_ HUMAN RBP4 23 kDa 0.08
1208 Cluster of Histone H1.3 H13_HUMAN [4] HIST1H1D 22 kDa 0.38
742 Protein FAM3C FAM3C_HUMAN FAM3C 25 kDa 0.081
743 Aspartyl/asparaginy| beta-hydroxylase ASPH_HUMAN ASPH 86 kDa 0.081
541 Cluster of Endoplasmin ENPL_HUMAN [2] HSP90B1 92 kDa 0.029
745 Signal recognition particle 14 kDa protein SRP14_HUMAN SRP14 15 kDa 0.082
746 HIV Tat-specific factor 1 HTSF1_HUMAN HTATSF1 86 kDa 0.082
593 Cluster of Histone H2A type 2-A H2A2A_HUMAN [4] HIST2H2AA3 14 kDa 0.043
598 Histone H4 H4 HUMAN HIST1H4A 11 kDa 0.046
749 Tripeptidyl-peptidase 2 TPP2_HUMAN TPP2 138 kDa 0.083
750 Receptor-type tyrosine-protein phosphatase C PTPRC_HUMAN PTPRC 147 kDa 0.083
751 Microtubule-actin cross-linking factor 1, isoforms 1/2/3/5 MACF1_HUMAN MACF1 838 kDa 0.083
752 EH domain-containing protein 1 EHD1 HUMAN EHD1 61 kDa 0.083
753 Nucleophosmin NPM_HUMAN NPM1 33 kDa 0.084
754 Actin-related protein 2/3 complex subunit 5 ARPC5_HUMAN ARPCS5 16 kDa 0.084
755 Syntaxin-binding protein 3 STXB3_HUMAN STXBP3 68 kDa 0.084
756 Nuclear cap-binding protein subunit 1 NCBP1_HUMAN NCBP1 92 kDa 0.084
757 DnaJ homolog subfamily C member 17 DJC17_HUMAN DNAJC17 35 kDa 0.084
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758 Eukaryotic translation initiation factor 2 subunit 2 IF2B_HUMAN EIF2S2 38 kDa 0.084
759 Serine hydroxymethyltransferase, cytosolic GLYC_HUMAN SHMT1 53 kDa 0.084
760 Wiskott-Aldrich syndrome protein family member 2 WASF2_HUMAN WASF2 54 kDa 0.084
761 AH receptor-interacting protein AIP_HUMAN AlIP 38 kDa 0.084
762 Grancalcin GRAN_HUMAN GCA 24 kDa 0.084
763 YTH domain-containing protein 1 YTDC1_HUMAN YTHDC1 85 kDa 0.084
764 ATP-dependent RNA helicase DDX42 DDX42_HUMAN DDX42 103 kDa 0.085
765 Signal transducer and activator of transcription 3 STAT3_HUMAN STAT3 88 kDa 0.085
942 Complement C3 CO3_HUMAN C3 187 kDa 0.15
767 Annexin A4 ANXA4 HUMAN ANXA4 36 kDa 0.085
768 26S proteasome non-ATPase regulatory subunit 11 PSD11_ HUMAN PSMD11 47 kDa 0.085
769 Filaggrin-2 FILA2 HUMAN FLG2 248 kDa 0.086
770 Serine/threonine-protein kinase 10 STK10_HUMAN STK10 112 kDa 0.087
771 U6 snRNA-associated Sm-like protein LSm6 LSM6_HUMAN LSM6 9 kDa 0.088
772 Eukaryotic translation initiation factor 3 subunit J EIF3J]_HUMAN EIF3J 29 kDa 0.089
773 Actin-like protein 6A ACL6A_HUMAN ACTL6A 47 kDa 0.089
774 Eukaryotic translation initiation factor 3 subunit | EIF3I_HUMAN EIF3I1 37 kDa 0.089
775 Proteasome subunit alpha type-4 PSA4 HUMAN PSMA4 29 kDa 0.089
523 Cluster of Heat shock 70 kDa protein 1A/1B HSP71_HUMAN [3] HSPA1A 70 kDa 0.024
777 60S ribosomal protein L13 RL13 HUMAN RPL13 24 kDa 0.09
778 MARCKS-related protein MRP_HUMAN MARCKSL1 20 kDa 0.091
779 Exportin-1 XPO1_HUMAN XPO1 123 kDa 0.092
780 Proteasome-associated protein ECM29 homolog ECM29_HUMAN ECM29 204 kDa 0.092
781 Splicing factor U2AF 35 kDa subunit U2AF1_HUMAN U2AF1 28 kDa 0.092
782 Delta-aminolevulinic acid dehydratase HEM2_HUMAN ALAD 36 kDa 0.093
783 Ferritin heavy chain FRIH_HUMAN FTH1 21 kDa 0.093
784 FK506-binding protein 15 FKB15_HUMAN FKBP15 134 kDa 0.093
785 Proteasome subunit beta type-9 PSB9_HUMAN PSMB9 23 kDa 0.093
786 40S ribosomal protein S14 RS14 HUMAN RPS14 16 kDa 0.093
787 Dihydropyrimidinase-related protein 1 DPYL1 HUMAN CRMP1 62 kDa 0.093
788 Tubulointerstitial nephritis antigen-like TINAL_HUMAN TINAGL1 52 kDa 0.094
789 Eukaryotic translation initiation factor 4 gamma 2 IF4G2_HUMAN EIF4G2 102 kDa 0.094
790 Rab3 GTPase-activating protein non-catalytic subunit RBGPR_HUMAN RAB3GAP2 156 kDa 0.094
791 Vacuolar protein sorting-associated protein 26A VP26A_HUMAN VPS26A 38 kDa 0.094
792 Metastasis-associated protein MTA2 MTA2_HUMAN MTA2 75 kDa 0.094
793 Very low-density lipoprotein receptor VLDLR_HUMAN VLDLR 96 kDa 0.095
794 Collagen alpha-1(XVII11) chain COIA1_HUMAN COL18A1 178 kDa 0.096
968 Elongation factor 1-gamma EF1G_HUMAN EEF1G 50 kDa 0.17
796 Brain acid soluble protein 1 BASP1_ HUMAN BASP1 23 kDa 0.097
797 Fibrinogen gamma chain FIBG_HUMAN FGG 52 kDa 0.097
744 Amyloid beta A4 protein A4 HUMAN APP 87 kDa 0.081
799 40S ribosomal protein S7 RS7_HUMAN RPS7 22 kDa 0.098
800 Phosphatidylethanolamine-binding protein 1 PEBP1_HUMAN PEBP1 21 kDa 0.099
801 Tumor susceptibility gene 101 protein TS101_HUMAN TSG101 44 kDa 0.099
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802 AP-1 complex subunit gamma-1 AP1G1_HUMAN AP1G1 91 kDa 0.099
803 Alpha-1-antitrypsin AlAT_HUMAN SERPINA1 47 kDa 0.099
804 Eukaryotic initiation factor 4A-I11 IF4A3_HUMAN EIF4A3 47 kDa 0.099
776 Ubiquitin-40S ribosomal protein S27a RS27A_HUMAN RPS27A 18 kDa 0.089
806 m7GpppX diphosphatase DCPS_HUMAN DCPS 39 kDa 0.1
807 Actin-related protein 2/3 complex subunit 1B ARC1B_HUMAN ARPC1B 41 kDa 0.1
808 Heterogeneous nuclear ribonucleoprotein U-like protein 2 HNRL2_HUMAN HNRNPUL2 85 kDa 0.1
809 Nicotinamide phosphoribosyltransferase NAMPT_HUMAN NAMPT 56 kDa 0.1
810 Electron transfer flavoprotein subunit beta ETFB_HUMAN ETFB 28 kDa 0.1
811 Dynactin subunit 3 DCTN3_HUMAN DCTN3 21 kDa 0.1
812 Protein enabled homolog ENAH_HUMAN ENAH 67 kDa 0.1
813 ATP-dependent RNA helicase DHX29 DHX29 HUMAN DHX29 155 kDa 0.1
814 Serine protease 23 PRS23_ HUMAN PRSS23 43 kDa 0.1
1126 Peroxiredoxin-1 PRDX1_HUMAN PRDX1 22 kDa 0.27
816 40S ribosomal protein S27 RS27_HUMAN RPS27 9 kDa 0.1
817 40S ribosomal protein S15 RS15_HUMAN RPS15 17 kDa 0.1
818 Ribonuclease H2 subunit A RNH2A_HUMAN RNASEH2A 33 kDa 0.1
819 Histone acetyltransferase type B catalytic subunit HAT1 HUMAN HAT1 50 kDa 0.1
820 Protein-glutamine gamma-glutamyltransferase 2 TGM2_HUMAN TGM2 77 kDa 0.11
1173 Cluster of Myosin-9 MYH9_HUMAN [4] MYH9 227 kDa 0.32
822 CD81 antigen CD81_HUMAN CD81 26 kDa 0.11
823 45 kDa calcium-binding protein CAB45_HUMAN SDF4 42 kDa 0.11
824 U2 small nuclear ribonucleoprotein B RU2B_HUMAN SNRPB2 25 kDa 0.11
825 Aspartate--tRNA ligase, cytoplasmic SYDC_HUMAN DARS 57 kDa 0.11
826 Abl interactor 1 ABI1_HUMAN ABI1 55 kDa 0.11
827 Cell division cycle and apoptosis regulator protein 1 CCAR1 HUMAN CCAR1 133 kDa 0.11
828 Shootin-1 SHOT1 HUMAN KIAA1598 72 kDa 0.11
Regulation of nuclear pre-mRNA domain-containing
829 protein 1A RPR1A_HUMAN RPRD1A 36 kDa 0.11
830 Abl interactor 2 ABI2_HUMAN ABI2 56 kDa 0.11
831 Biliverdin reductase A BIEA_HUMAN BLVRA 33 kDa 0.11
832 Cleavage stimulation factor subunit 3 CSTF3_HUMAN CSTF3 83 kDa 0.11
833 U4/U6 small nuclear ribonucleoprotein Prp31 PRP31_HUMAN PRPF31 55 kDa 0.11
834 Kelch domain-containing protein 4 KLDC4_HUMAN KLHDC4 58 kDa 0.11
835 Secl family domain-containing protein 1 SCFD1_HUMAN SCFD1 72 kDa 0.11
397 Fructose-bisphosphate aldolase C ALDOC_HUMAN ALDOC 39 kDa 0.0081
837 Calpain-1 catalytic subunit CAN1 HUMAN CAPN1 82 kDa 0.11
838 GMP synthase [glutamine-hydrolyzing] GUAA _HUMAN GMPS 77 kDa 0.11
839 60S ribosomal protein L30 RL30_HUMAN RPL30 13 kDa 0.11
840 Aspartyl aminopeptidase DNPEP_HUMAN DNPEP 52 kDa 0.11
841 Endophilin-B1 SHLB1_HUMAN SH3GLB1 41 kDa 0.11
842 Cullin-3 CUL3_HUMAN CUL3 89 kDa 0.11
843 UDP-glucose 6-dehydrogenase UGDH_HUMAN UGDH 55 kDa 0.11
844 DAZ-associated protein 1 DAZP1 HUMAN DAZAPL 43 kDa 0.11
845 Cluster of Eukaryotic initiation factor 4A-1 IF4A1_HUMAN [2] EIF4A1 46 kDa 0.11
Cluster of HLA class | histocompatibility antigen, A-2
723 alpha chain 1A02_HUMAN [7] HLA-A 41 kDa 0.075
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847 Latent-transforming growth factor beta-binding protein 3 LTBP3_HUMAN LTBP3 139 kDa 0.12
848 Protein disulfide-isomerase A6 PDIA6_HUMAN PDIAG 48 kDa 0.12
849 Growth-regulated alpha protein GROA_HUMAN CXCL1 11 kDa 0.12
850 Septin-2 SEPT2_HUMAN Sep-02 41 kDa 0.12
851 Protein RCC2 RCC2_HUMAN RCC2 56 kDa 0.12
852 Nucleobindin-1 NUCB1_HUMAN NUCB1 54 kDa 0.12
853 Protein SEC13 homolog SEC13 HUMAN SEC13 36 kDa 0.12
854 Clathrin light chain A CLCA_HUMAN CLTA 27 kDa 0.12
855 Large proline-rich protein BAG6 BAG6_HUMAN BAG6 119 kDa 0.12
856 Ubiquitin fusion degradation protein 1 homolog UFD1_HUMAN UFD1L 35 kDa 0.12
857 Cluster of Coatomer subunit gamma-1 COPG1_HUMAN [2] COPG1 98 kDa 0.12
858 Small nuclear ribonucleoprotein Sm D1 SMD1_ HUMAN SNRPD1 13 kDa 0.12
859 Cullin-1 CUL1 HUMAN CUL1 90 kDa 0.12
860 Carboxypeptidase M CBPM_HUMAN CPM 51 kDa 0.12
861 Spliceosome RNA helicase DDX39B DX39B_HUMAN DDX39B 49 kDa 0.12
862 Inter-alpha-trypsin inhibitor heavy chain H4 ITIH4 HUMAN ITIH4 103 kDa 0.12
863 Rho-related GTP-binding protein RhoG RHOG_HUMAN RHOG 21 kDa 0.12
864 Protein tweety homolog 3 TTYH3_HUMAN TTYH3 58 kDa 0.12
Amyloid beta A4 precursor protein-binding family B
865 member 1-interacting protein AB1IP_HUMAN APBB1IP 73 kDa 0.12
866 Coronin-7 CORO7_HUMAN CORO7 101 kDa 0.12
867 Alpha-galactosidase A AGAL_HUMAN GLA 49 kDa 0.12
868 Complement Clq tumor necrosis factor-related protein 3 C1QT3_HUMAN C1QTNF3 27 kDa 0.12
869 V-type proton ATPase subunit H VATH_HUMAN ATP6VIH 56 kDa 0.12
Ectonucleotide pyrophosphatase/phosphodiesterase family
870 member 2 ENPP2_HUMAN ENPP2 99 kDa 0.12
871 Cysteine and glycine-rich protein 1 CSRP1_HUMAN CSRP1 21 kDa 0.12
872 Apolipoprotein A-1 APOA1_HUMAN APOA1 31 kDa 0.12
Platelet-activating factor acetylhydrolase 1B subunit
873 gamma PA1B3_HUMAN PAFAH1B3 26 kDa 0.12
874 Regulator of chromosome condensation RCC1 HUMAN RCC1 45 kDa 0.12
875 U1 small nuclear ribonucleoprotein A SNRPA_HUMAN SNRPA 31 kDa 0.12
876 60S ribosomal protein L18a RL18A HUMAN RPL18A 21 kDa 0.12
877 Follistatin FST_HUMAN FST 38 kDa 0.12
186 Alpha-2-HS-glycoprotein FETUA_HUMAN AHSG 39 kDa 0.00085
879 Peptidyl-prolyl cis-trans isomerase FKBP5 FKBP5_HUMAN FKBP5 51 kDa 0.12
880 Serpin H1 SERPH_HUMAN SERPINH1 46 kDa 0.12
881 AP-1 complex subunit mu-2 AP1IM2_HUMAN AP1M2 48 kDa 0.12
882 Prefoldin subunit 4 PFD4_HUMAN PFDN4 15 kDa 0.12
544 Cluster of Phosphoglycerate kinase 1 PGK1 HUMAN [2] PGK1 45 kDa 0.03
884 Switch-associated protein 70 SWP70_HUMAN SWAP70 69 kDa 0.13
885 26S proteasome non-ATPase regulatory subunit 14 PSDE_HUMAN PSMD14 35 kDa 0.13
886 DnaJ homolog subfamily B member 11 DJB11_HUMAN DNAJB11 41 kDa 0.13
887 Dermcidin DCD_HUMAN DCD 11 kDa 0.13
888 Interleukin-6 receptor subunit alpha ILERA_HUMAN IL6R 52 kDa 0.13
889 Proteasome subunit beta type-10 PSB10_HUMAN PSMB10 29 kDa 0.13
890 Histone deacetylase 2 HDAC2_HUMAN HDAC2 55 kDa 0.13
891 60S ribosomal protein L12 RL12_HUMAN RPL12 18 kDa 0.13

229




892 Lactoylglutathione lyase LGUL_HUMAN GLO1 21 kDa 0.13
1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase
893 gamma-2 PLCG2_HUMAN PLCG2 148 kDa 0.13
894 Leucine-rich repeat flightless-interacting protein 1 LRRF1_HUMAN LRRFIP1 89 kDa 0.13
895 60S ribosomal protein L3 RL3_HUMAN RPL3 46 kDa 0.13
896 Proteasome subunit beta type-3 PSB3_HUMAN PSMB3 23 kDa 0.13
897 CD9 antigen CD9_HUMAN CD9 25 kDa 0.13
898 Alcohol dehydrogenase [NADP(+)] AK1A1 HUMAN AKR1A1 37 kDa 0.13
899 Protein S100-A14 S10AE_HUMAN S100A14 12 kDa 0.13
900 Alpha-crystallin B chain CRYAB_HUMAN CRYAB 20 kDa 0.13
901 Collagenase 3 MMP13_HUMAN MMP13 54 kDa 0.13
578 Cluster of Histone H2B type 1-D H2B1D_HUMAN [2] HIST1H2BD 14 kDa 0.038
903 26S proteasome non-ATPase regulatory subunit 7 PSMD7_HUMAN PSMD7 37 kDa 0.13
904 60S ribosomal protein L15 RL15 HUMAN RPL15 24 kDa 0.13
905 Splicing factor 3B subunit 3 SF3B3_HUMAN SF3B3 136 kDa 0.13
906 PRKC apoptosis WT1 regulator protein PAWR_HUMAN PAWR 37 kDa 0.13
907 60S ribosomal protein L6 RL6_HUMAN RPL6 33 kDa 0.13
Acidic leucine-rich nuclear phosphoprotein 32 family
908 member E AN32E_HUMAN ANP32E 31 kDa 0.13
909 Cluster of Ras-related protein Rab-14 RAB14_HUMAN [12] RAB14 24 kDa 0.13
910 Phenylalanine--tRNA ligase alpha subunit SYFA_HUMAN FARSA 58 kDa 0.13
911 Protein FAM49B FA49B_HUMAN FAM49B 37 kDa 0.13
912 La-related protein 1 LARP1_HUMAN LARP1 124 kDa 0.14
913 SAP domain-containing ribonucleoprotein SARNP_HUMAN SARNP 24 kDa 0.14
914 Neutral amino acid transporter B(0) AAAT_HUMAN SLC1A5 57 kDa 0.14
915 Glutamate dehydrogenase 1, mitochondrial DHE3 HUMAN GLUD1 61 kDa 0.14
916 Microtubule-associated protein 4 MAP4_HUMAN MAP4 121 kDa 0.14
917 PC4 and SFRS1-interacting protein PSIP1_HUMAN PSIP1 60 kDa 0.14
918 Latent-transforming growth factor beta-binding protein 1 LTBP1_HUMAN LTBP1 187 kDa 0.14
919 Cytoplasmic dynein 1 light intermediate chain 2 DC1L2_HUMAN DYNCILI2 54 kDa 0.14
920 26S proteasome non-ATPase regulatory subunit 10 PSD10_HUMAN PSMD10 24 kDa 0.14
921 Zinc finger CCCH domain-containing protein 4 ZC3H4_ HUMAN ZC3H4 140 kDa 0.14
922 SWI/SNF complex subunit SMARCC2 SMRC2_HUMAN SMARCC2 133 kDa 0.14
923 Proteasome subunit alpha type-3 PSA3_HUMAN PSMA3 28 kDa 0.14
924 Threonine--tRNA ligase, cytoplasmic SYTC_HUMAN TARS 83 kDa 0.14
925 Cleavage and polyadenylation specificity factor subunit 1 CPSF1_HUMAN CPSF1 161 kDa 0.14
926 DnaJ homolog subfamily A member 1 DNJA1_HUMAN DNAJA1 45 kDa 0.14
927 Tumor protein D52 TPD52_HUMAN TPD52 24 kDa 0.14
928 Coronin-1C COR1C_HUMAN CORO1C 53 kDa 0.14
929 Syndecan-2 SDC2_HUMAN SDC2 22 kDa 0.15
930 Cluster of Cytoplasmic FMR1-interacting protein 1 CYFP1_HUMAN [2] CYFIP1 145 kDa 0.15
931 SNW domain-containing protein 1 SNW1_HUMAN SNW1 61 kDa 0.15
932 Septin-8 SEPT8_HUMAN Sep-08 56 kDa 0.15
933 40S ribosomal protein S13 RS13 HUMAN RPS13 17 kDa 0.15
934 Charged multivesicular body protein 2b CHM2B_HUMAN CHMP2B 24 kDa 0.15
935 Cluster of Transcription elongation factor A protein 1 TCEA1 HUMAN [2] TCEA1 34 kDa 0.15
936 AP-2 complex subunit alpha-1 AP2A1_HUMAN AP2A1 108 kDa 0.15
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363 Inter-alpha-trypsin inhibitor heavy chain H2 ITIH2_ HUMAN ITIH2 106 kDa 0.0063
938 Aldehyde dehydrogenase family 16 member Al A16A1_HUMAN ALDH16A1 85 kDa 0.15
939 Isocitrate dehydrogenase [NADP], mitochondrial IDHP_HUMAN IDH2 51 kDa 0.15
940 Glutathione S-transferase P GSTP1_HUMAN GSTP1 23 kDa 0.15
941 Cluster of Polypyrimidine tract-binding protein 1 PTBP1_HUMAN [2] PTBP1 57 kDa 0.15
1405 Transketolase TKT_HUMAN TKT 68 kDa 0.56
943 COP9 signalosome complex subunit 3 CSN3_HUMAN COPS3 48 kDa 0.15
944 B-cell receptor-associated protein 31 BAP31_HUMAN BCAP31 28 kDa 0.16
945 Ras-related protein Rab-11B RB11B_HUMAN RAB11B 24 kDa 0.16
946 UMP-CMP kinase KCY_HUMAN CMPK1 22 kDa 0.16
115 Vinculin VINC_HUMAN VCL 124 kDa 0.00021
EGF-like repeat and discoidin I-like domain-containing
948 protein 3 EDIL3_HUMAN EDIL3 54 kDa 0.16
1453 Peptidyl-prolyl cis-trans isomerase A PPIA_HUMAN PPIA 18 kDa 0.62
950 Signal recognition particle 19 kDa protein SRP19_HUMAN SRP19 16 kDa 0.16
951 Mesencephalic astrocyte-derived neurotrophic factor MANF_HUMAN MANF 21 kDa 0.16
952 STE20-like serine/threonine-protein kinase SLK_HUMAN SLK 143 kDa 0.16
Phosphatidylinositol  3,4,5-trisphosphate-dependent Rac
953 exchanger 1 protein PREX1 HUMAN PREX1 186 kDa 0.16
954 Ig lambda-2 chain C regions LAC2_HUMAN (+1) IGLC2 11 kDa 0.16
955 Plasma kallikrein KLKB1_HUMAN KLKB1 71 kDa 0.16
956 Exportin-7 XPO7_HUMAN XPO7 124 kDa 0.16
957 Leucine-rich repeat-containing protein 47 LRC47_HUMAN LRRC47 63 kDa 0.16
958 Ubiquilin-2 UBQL2_HUMAN UBQLN2 66 kDa 0.16
959 Syntaxin-4 STX4 HUMAN STX4 34 kDa 0.16
986 Hornerin HORN_HUMAN HRNR 282 kDa 0.18
961 Cluster of Retinal dehydrogenase 2 AL1A2_HUMAN [2] ALDH1A2 57 kDa 0.16
962 Replication protein A 70 kDa DNA-binding subunit RFA1_HUMAN RPA1 68 kDa 0.16
963 Tyrosine-protein kinase CSK CSK_HUMAN CSK 51 kDa 0.16
964 Signal recognition particle subunit SRP68 SRP68_HUMAN SRP68 71 kDa 0.16
965 60S ribosomal protein L17 RL17_HUMAN RPL17 21 kDa 0.17
Phosphoribosyl pyrophosphate synthase-associated protein
966 1 KPRA_HUMAN PRPSAP1 39 kDa 0.17
967 Low-density lipoprotein receptor LDLR_HUMAN LDLR 95 kDa 0.17
1489 60 kDa heat shock protein, mitochondrial CH60_HUMAN HSPD1 61 kDa 0.82
969 Fibrinogen beta chain FIBB_HUMAN FGB 56 kDa 0.17
970 Probable aminopeptidase NPEPL1 PEPL1_HUMAN NPEPL1 56 kDa 0.17
971 Insulin-like growth factor-binding protein 2 1BP2_HUMAN IGFBP2 35 kDa 0.17
972 Heterogeneous nuclear ribonucleoprotein DO HNRPD_HUMAN HNRNPD 38 kDa 0.17
973 Monocarboxylate transporter 4 MOT4 HUMAN SLC16A3 49 kDa 0.17
974 Cytoplasmic aconitate hydratase ACOC_HUMAN ACO1 98 kDa 0.17
975 DNA repair protein complementing XP-C cells XPC_HUMAN XPC 106 kDa 0.17
976 Apoptotic chromatin condensation inducer in the nucleus ACINU_HUMAN ACIN1 152 kDa 0.17
977 40S ribosomal protein S19 RS19 HUMAN RPS19 16 kDa 0.17
978 Early endosome antigen 1 EEA1_ HUMAN EEA1 162 kDa 0.17
979 NHP2-like protein 1 NH2L1 HUMAN NHP2L1 14 kDa 0.17
980 Eukaryotic translation initiation factor 5B IF2P_HUMAN EIF5B 139 kDa 0.17
981 60S ribosomal protein L11 RL11_ HUMAN RPL11 20 kDa 0.17
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982 Ubiquitin-conjugating enzyme E2 O UBE20_HUMAN UBE20 141 kDa 0.17
983 Actin-related protein 2/3 complex subunit 2 ARPC2_HUMAN ARPC2 34 kDa 0.17
1472 Cluster of Tubulin alpha-4A chain TBA4A_HUMAN [4] TUBA4A 50 kDa 0.73
985 60S ribosomal protein L28 RL28_HUMAN RPL28 16 kDa 0.18
937 Glyceraldehyde-3-phosphate dehydrogenase G3P_HUMAN GAPDH 36 kDa 0.15
987 Procollagen-lysine,2-oxoglutarate 5-dioxygenase 1 PLOD1_HUMAN PLOD1 84 kDa 0.18
988 Apolipoprotein B-100 APOB_HUMAN APOB 516 kDa 0.18
989 Beta-1,4-galactosyltransferase 4 B4GT4 HUMAN B4GALT4 40 kDa 0.18
990 Stanniocalcin-1 STC1_HUMAN STC1 28 kDa 0.18
991 Ornithine aminotransferase, mitochondrial OAT_HUMAN OAT 49 kDa 0.18
Delta(3,5)-Delta(2,4)-dienoyl-CoA isomerase,

992 mitochondrial ECH1_ HUMAN ECH1 36 kDa 0.18
993 Collagen alpha-1(XI1) chain COCAl1_HUMAN COL12A1 333 kDa 0.18
994 Complement decay-accelerating factor DAF_HUMAN CD55 41 kDa 0.18
995 Transmembrane protein 43 TMM43 HUMAN TMEM43 45 kDa 0.18
996 Nuclear pore complex protein Nup88 NUP88_HUMAN NUP88 84 kDa 0.18
997 Basigin BASI_HUMAN BSG 42 kDa 0.18
998 CD44 antigen CD44_HUMAN CD44 82 kDa 0.19
999 BRCA1-A complex subunit BRE BRE_HUMAN BRE 44 kDa 0.19
1000 Sodium/potassium-transporting ATPase subunit beta-1 AT1B1_HUMAN ATP1B1 35 kDa 0.19
1001 Bone morphogenetic protein 1 BMP1_HUMAN BMP1 111 kDa 0.19
1002 Translin TSN_HUMAN TSN 26 kDa 0.19
1003 mRNA turnover protein 4 homolog MRT4_HUMAN MRTO4 28 kDa 0.19
1004 Phosphatidylinositol-binding clathrin assembly protein PICAL_HUMAN PICALM 71 kDa 0.19
1045 Cluster of Elongation factor 1-alpha 1 EF1A1_ HUMAN [2] EEF1A1 50 kDa 0.21
1006 Platelet-activating factor acetylhydrolase IB subunit alpha LIS1_HUMAN PAFAH1B1 47 kDa 0.19
1007 Transaldolase TALDO_HUMAN TALDO1 38 kDa 0.19
1008 Collagen alpha-2(1) chain CO1A2_HUMAN COL1A2 129 kDa 0.19
603 Calsyntenin-1 CSTN1_HUMAN CLSTN1 110 kDa 0.048
1010 Peptidyl-prolyl cis-trans isomerase FKBP3 FKBP3_HUMAN FKBP3 25 kDa 0.19
1419 Cluster of Pyruvate kinase PKM KPYM_HUMAN [2] PKM 58 kDa 0.57
1012 GTP-binding nuclear protein Ran RAN_HUMAN RAN 24 kDa 0.19
1013 Galectin-3 LEG3_HUMAN LGALS3 26 kDa 0.19
1110 Elongation factor 2 EF2_HUMAN EEF2 95 kDa 0.26
1015 Gamma-glutamyl hydrolase GGH_HUMAN GGH 36 kDa 0.19
1016 GTPase NRas RASN_HUMAN NRAS 21 kDa 0.19
1017 60S ribosomal protein L5 RL5_HUMAN RPL5 34 kDa 0.19
836 Transitional endoplasmic reticulum ATPase TERA_HUMAN VCP 89 kDa 0.11
1019 Rho GDP-dissociation inhibitor 2 GDIR2_HUMAN ARHGDIB 23 kDa 0.2

1020 YTH domain-containing family protein 3 YTHD3_HUMAN YTHDF3 64 kDa 0.2

1021 Junctional adhesion molecule A JAM1_HUMAN F11R 33 kDa 0.2

1022 Cysteine--tRNA ligase, cytoplasmic SYCC_HUMAN CARS 85 kDa 0.2

1023 Prominin-2 PROM2_HUMAN PROM2 92 kDa 0.2

1024 Transmembrane protein 132A T132A_HUMAN TMEM132A 110 kDa 0.2

1025 Dickkopf-related protein 1 DKK1_HUMAN DKK1 29 kDa 0.2

1026 Coatomer subunit beta COPB_HUMAN COPB1 107 kDa 0.2
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1027 Epididymal secretory protein E1 NPC2_HUMAN NPC2 17 kDa 0.2
1028 Nucleoporin p54 NUP54_HUMAN NUP54 55 kDa 0.2
1029 Cluster of ADP-ribosylation factor 3 ARF3_HUMAN [2] ARF3 21 kDa 0.2
1030 40S ribosomal protein S3a RS3A_HUMAN RPS3A 30 kDa 0.2
1031 Moyristoylated alanine-rich C-kinase substrate MARCS_HUMAN MARCKS 32 kDa 0.2
1032 Pancreatic alpha-amylase AMYP_HUMAN AMY2A 58 kDa 0.2
1033 Lysosomal protective protein PPGB_HUMAN CTSA 54 kDa 0.2
1034 Metastasis-associated protein MTAL MTA1_HUMAN MTA1 81 kDa 0.2
1035 40S ribosomal protein S4, X isoform RS4X_HUMAN RPS4X 30 kDa 0.2
1036 Inorganic pyrophosphatase IPYR_HUMAN PPA1 33 kDa 0.2
Disintegrin and metalloproteinase domain-containing
1037 protein 10 ADA10_HUMAN ADAM10 84 kDa 0.2
1038 E3 UFM1-protein ligase 1 UFL1_HUMAN UFL1 90 kDa 0.21
1039 Eukaryotic translation initiation factor 3 subunit M EIF3M_HUMAN EIF3M 43 kDa 0.21
SWI/SNF-related  matrix-associated  actin-dependent
1040 regulator of chromatin subfamily E member 1 SMCE1_HUMAN SMARCE1 47 kDa 0.21
1041 Annexin A6 ANXA6_HUMAN ANXA6 76 kDa 0.21
1042 Valine--tRNA ligase SYVC_HUMAN VARS 140 kDa 0.21
1043 Neurofibromin NF1_HUMAN NF1 319 kDa 0.21
Epidermal growth factor receptor kinase substrate 8-like
1044 protein 2 ES8L2_ HUMAN EPS8L2 81 kDa 0.21
714 Peptidyl-prolyl cis-trans isomerase B PPIB_HUMAN PPIB 24 kDa 0.074
1046 60S ribosomal protein L7 RL7_HUMAN RPL7 29 kDa 0.21
1047 Serine/arginine-rich splicing factor 1 SRSF1_HUMAN SRSF1 28 kDa 0.21
1048 Protein scribble homolog SCRIB_HUMAN SCRIB 175 kDa 0.21
471 78 kDa glucose-regulated protein GRP78_HUMAN HSPAS5 72 kDa 0.016
1050 DNA repair protein XRCC1 XRCC1_HUMAN XRCC1 69 kDa 0.22
1051 Cluster of E3 ubiquitin-protein ligase CBL CBL_HUMAN [2] CBL 100 kDa 0.22
1052 Fibulin-2 FBLN2_HUMAN FBLN2 127 kDa 0.22
1053 Calpain small subunit 1 CPNS1_HUMAN CAPNS1 28 kDa 0.22
Small nuclear ribonucleoprotein-associated proteins B and
1054 B* RSMB_HUMAN (+1) SNRPB 25 kDa 0.22
1055 Peroxiredoxin-6 PRDX6_HUMAN PRDX6 25 kDa 0.22
1056 Basal cell adhesion molecule BCAM_HUMAN BCAM 67 kDa 0.22
1057 Thioredoxin domain-containing protein 5 TXND5_HUMAN TXNDC5 48 kDa 0.22
1058 Collagen alpha-1(1) chain CO1A1_HUMAN COLI1AL 139 kDa 0.22
1059 N-acetylserotonin O-methyltransferase-like protein ASML_HUMAN ASMTL 69 kDa 0.22
1060 Nucleoprotein TPR TPR_HUMAN TPR 267 kDa 0.22
111 Cluster of Tropomyosin alpha-4 chain TPM4_HUMAN [5] TPM4 29 kDa 0.0002
1062 26S protease regulatory subunit 8 PRS8_HUMAN PSMC5 46 kDa 0.22
1063 Complement C5 CO5_HUMAN C5 188 kDa 0.22
1064 E3 ubiquitin-protein ligase UBR4 UBR4_HUMAN UBR4 574 kDa 0.22
1065 N-acylneuraminate cytidylyltransferase NEUA_HUMAN CMAS 48 kDa 0.22
1066 Serine hydroxymethyltransferase, mitochondrial GLYM_HUMAN SHMT2 56 kDa 0.22
1067 N-alpha-acetyltransferase 10 NAA10_HUMAN NAA10 26 kDa 0.22
1068 Ubiquilin-1 UBQL1 HUMAN UBQLN1 63 kDa 0.22
1069 Exocyst complex component 4 EXOC4_ HUMAN EXOC4 111 kDa 0.23
1070 Alpha-taxilin TXLNA HUMAN TXLNA 62 kDa 0.23
1071 C-Jun-amino-terminal kinase-interacting protein 4 JIP4_HUMAN SPAG9 146 kDa 0.23
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1072 40S ribosomal protein S18 RS18_HUMAN RPS18 18 kDa 0.23
1005 Protein disulfide-isomerase A3 PDIA3_HUMAN PDIA3 57 kDa 0.19
1074 40S ribosomal protein S9 RS9_HUMAN RPS9 23 kDa 0.23
1075 D-tyrosyl-tRNA(Tyr) deacylase 1 DTD1_HUMAN DTD1 23 kDa 0.23
1076 Alcohol dehydrogenase class-3 ADHX_HUMAN ADH5 40 kDa 0.23
1077 Complement component C8 beta chain C0O8B_HUMAN C8B 67 kDa 0.23
1078 Nucleolin NUCL_HUMAN NCL 77 kDa 0.23
1079 UTP--glucose-1-phosphate uridylyltransferase UGPA_HUMAN UGP2 57 kDa 0.23
1080 Neuroblast differentiation-associated protein AHNAK AHNK_HUMAN AHNAK 629 kDa 0.24
1081 Coactosin-like protein COTL1_HUMAN COTL1 16 kDa 0.24
1082 Cysteine-rich protein 2 CRIP2_HUMAN CRIP2 22 kDa 0.24
1083 Protein phosphatase 1 regulatory subunit 12A MYPT1 HUMAN PPP1R12A 115 kDa 0.24
1084 Protein LYRIC LYRIC_HUMAN MTDH 64 kDa 0.24
1085 Protein phosphatase methylesterase 1 PPME1_HUMAN PPME1 42 kDa 0.24
1086 Calpain-2 catalytic subunit CAN2_HUMAN CAPN2 80 kDa 0.24
1087 14-3-3 protein sigma 1433S_HUMAN SFN 28 kDa 0.24
1088 Minor histocompatibility protein HA-1 HMHA1 HUMAN HMHA1L 125 kDa 0.24
1089 Putative 40S ribosomal protein S26-like 1 RS26L_HUMAN (+1) RPS26P11 13 kDa 0.24
1090 Glutathione S-transferase omega-1 GSTO1 HUMAN GSTO1 28 kDa 0.24
1091 60S ribosomal protein L23a RL23A_HUMAN RPL23A 18 kDa 0.24
1092 Vitamin D-binding protein VTDB_HUMAN GC 53 kDa 0.24
Peptide-N(4)-(N-acetyl-beta-glucosaminyl)asparagine

1093 amidase NGLY1 HUMAN NGLY1 74 kDa 0.24
1094 Fibrillin-2 FBN2_HUMAN FBN2 315 kDa 0.24
1095 Destrin DEST_HUMAN DSTN 19 kDa 0.24
1096 Tyrosine-protein kinase receptor UFO UFO_HUMAN AXL 98 kDa 0.24
1097 Exostosin-1 EXT1_HUMAN EXT1 86 kDa 0.25
1098 Nicotinate phosphoribosyltransferase PNCB_HUMAN NAPRT1 58 kDa 0.25
1099 Dynamin-1-like protein DNM1L_HUMAN DNM1L 82 kDa 0.25
1100 60S ribosomal protein L4 RL4 HUMAN RPL4 48 kDa 0.25
1101 Cluster of Core histone macro-H2A.1 H2AY_HUMAN [2] H2AFY 40 kDa 0.25
1102 Prefoldin subunit 3 PFD3_HUMAN VBP1 23 kDa 0.25
1103 Cluster of S-adenosylmethionine synthase isoform type-2 METK2_HUMAN [2] MAT2A 44 kDa 0.25
1104 COP9 signalosome complex subunit 6 CSN6_HUMAN COPS6 36 kDa 0.25
1105 Pre-mRNA-processing factor 19 PRP19 HUMAN PRPF19 55 kDa 0.25
682 Alpha-enolase ENOA_HUMAN ENO1 47 kDa 0.064
1107 S-formylglutathione hydrolase ESTD_HUMAN ESD 31 kDa 0.25
815 Annexin A5 ANXA5_HUMAN ANXA5 36 kDa 0.1

1109 Cytosolic non-specific dipeptidase CNDP2_HUMAN CNDP2 53 kDa 0.26
454 Cluster of Tubulin beta chain TBB5_HUMAN [9] TUBB 50 kDa 0.014
1111 Inactive tyrosine-protein kinase 7 PTK7_HUMAN PTK7 118 kDa 0.26
1112 26S proteasome non-ATPase regulatory subunit 12 PSD12_HUMAN PSMD12 53 kDa 0.26
1113 Serine/threonine-protein phosphatase 5 PPP5_HUMAN PPP5C 57 kDa 0.26
1114 Oxysterol-binding protein 1 OSBP1_HUMAN OSBP 89 kDa 0.26
1115 Cluster of Poly(rC)-binding protein 1 PCBP1_HUMAN [3] PCBP1 37 kDa 0.26
1116 WD repeat-containing protein 1 WDR1_HUMAN WDR1 66 kDa 0.26
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1117 Lysyl oxidase homolog 2 LOXL2 HUMAN LOXL2 87 kDa 0.26
1118 Negative elongation factor E NELFE_HUMAN NELFE 43 kDa 0.26
1119 Epidermal growth factor receptor kinase substrate 8 EPS8_HUMAN EPS8 92 kDa 0.26
1120 Coatomer subunit epsilon COPE_HUMAN COPE 34 kDa 0.26
1121 Protein S100-A10 S10AA_HUMAN S100A10 11 kDa 0.26
1122 L-xylulose reductase DCXR_HUMAN DCXR 26 kDa 0.27
1123 Protein transport protein Sec24C SC24C_HUMAN SEC24C 118 kDa 0.27
1124 Cluster of BTB/POZ domain-containing protein KCTD12 KCD12_HUMAN [2] KCTD12 36 kDa 0.27
1125 Vitamin K-dependent protein S PROS_HUMAN PROS1 75 kDa 0.27
242 Cluster of Ezrin EZRI_HUMAN [3] EZR 69 kDa 0.0016
1127 Small proline-rich protein 2A SPR2A_HUMAN (+4) SPRR2A 8 kDa 0.27
1128 Dickkopf-related protein 2 DKK2_HUMAN DKK2 28 kDa 0.27
1129 ERO1-like protein alpha ERO1A_ HUMAN EROIL 54 kDa 0.27
1130 40S ribosomal protein S6 RS6_HUMAN RPS6 29 kDa 0.28
1131 Glutathione reductase, mitochondrial GSHR_HUMAN GSR 56 kDa 0.28
1132 Titin TITIN_HUMAN TTN 3816 kDa 0.28
1133 Tyrosine-protein phosphatase non-receptor type 11 PTN11 HUMAN PTPN11 68 kDa 0.28
1134 General transcription factor I1-1 GTF2I_HUMAN GTF2I 112 kDa 0.28
1135 Actin-related protein 2/3 complex subunit 5-like protein ARP5L_HUMAN ARPC5L 17 kDa 0.28
1136 26S proteasome non-ATPase regulatory subunit 13 PSD13_ HUMAN PSMD13 43 kDa 0.28
1137 Voltage-dependent anion-selective channel protein 1 VDAC1_HUMAN VDAC1 31 kDa 0.28
1009 Cluster of Heat shock cognate 71 kDa protein HSP7C_HUMAN [2] HSPA8 71 kDa 0.19
1139 40S ribosomal protein S17-like RS17L_HUMAN (+1) RPS17L 16 kDa 0.28
1140 Histone H1.0 H10_ HUMAN H1F0 21 kDa 0.29
1141 116 kDa U5 small nuclear ribonucleoprotein component U581 HUMAN EFTUD2 109 kDa 0.29
1142 Cystatin-C CYTC_HUMAN CST3 16 kDa 0.29
1143 Activator of 90 kDa heat shock protein ATPase homolog 1 AHSA1 HUMAN AHSA1 38 kDa 0.29
1144 Clathrin interactor 1 EPN4_HUMAN CLINT1 68 kDa 0.29
1145 Tight junction protein ZO-3 Z03_HUMAN TJP3 101 kDa 0.3
1146 Epithelial cell adhesion molecule EPCAM_HUMAN EPCAM 35 kDa 0.3
1147 Serine/arginine-rich splicing factor 7 SRSF7_HUMAN SRSF7 27 kDa 0.3
1148 Ubiquitin carboxyl-terminal hydrolase 7 UBP7_HUMAN USP7 128 kDa 0.3
1149 COP9 signalosome complex subunit 4 CSN4_HUMAN COPS4 46 kDa 0.3
1150 60S acidic ribosomal protein P2 RLA2_HUMAN RPLP2 12 kDa 0.3
1151 40S ribosomal protein S12 RS12_HUMAN RPS12 15 kDa 0.3
1152 Apolipoprotein C-111 APOC3_HUMAN APOC3 11 kDa 0.3
1153 Tissue-type plasminogen activator TPA_HUMAN PLAT 63 kDa 0.3
1154 Eukaryotic translation initiation factor 3 subunit G EIF3G_HUMAN EIF3G 36 kDa 0.3
1155 Cluster of Transgelin-2 TAGL2_HUMAN [2] TAGLN2 22 kDa 0.3
1156 Calponin-1 CNN1 HUMAN CNN1 33 kDa 0.31
Serine/threonine-protein phosphatase 2A catalytic subunit
1157 beta isoform PP2AB_HUMAN PPP2CB 36 kDa 0.31
1158 Cluster of Importin subunit alpha-3 IMA3_HUMAN [2] KPNA4 58 kDa 0.31
1159 Acetyl-CoA acetyltransferase, cytosolic THIC_HUMAN ACAT2 41 kDa 0.31
1160 Host cell factor 1 HCFC1_HUMAN HCFC1 209 kDa 0.31
1161 HLA class | histocompatibility antigen, B-7 alpha chain 1B07_HUMAN HLA-B 40 kDa 0.31
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1162 Complement component C9 C0O9_HUMAN C9 63 kDa 0.31
1163 AP-3 complex subunit beta-1 AP3B1_HUMAN AP3B1 121 kDa 0.31
431 Sulfhydryl oxidase 1 QSOX1_HUMAN QSOX1 83 kDa 0.013
1165 Transforming protein RhoA RHOA_HUMAN RHOA 22 kDa 0.32
1166 Phospholipase D3 PLD3_HUMAN PLD3 55 kDa 0.32
Dehydrogenase/reductase  SDR  family member 2,
1167 mitochondrial DHRS2_HUMAN DHRS2 30 kDa 0.32
1168 Caldesmon CALD1_HUMAN CALD1 93 kDa 0.32
1169 Dystonin DYST_HUMAN DST 861 kDa 0.32
1170 26S proteasome non-ATPase regulatory subunit 1 PSMD1_HUMAN PSMD1 106 kDa 0.32
748 Fructose-bisphosphate aldolase A ALDOA_HUMAN ALDOA 39 kDa 0.082
1172 SUMO-activating enzyme subunit 1 SAE1_ HUMAN SAE1 38 kDa 0.32
618 Prelamin-A/C LMNA_HUMAN LMNA 74 kDa 0.052
Putative pre-mRNA-splicing factor ATP-dependent RNA
1174 helicase DHX15 DHX15_ HUMAN DHX15 91 kDa 0.33
1175 60S ribosomal protein L18 RL18_HUMAN RPL18 22 kDa 0.33
1176 Vitronectin VTNC_HUMAN VTN 54 kDa 0.33
1177 Vesicle-fusing ATPase NSF_HUMAN NSF 83 kDa 0.33
1178 Protein transport protein Sec23A SC23A_HUMAN SEC23A 86 kDa 0.33
1179 Cathepsin L2 CATL2_HUMAN CTSV 37 kDa 0.33
1180 Extracellular sulfatase Sulf-2 SULF2_HUMAN SULF2 100 kDa 0.33
1181 Cluster of Ribose-phosphate pyrophosphokinase 1 PRPS1_HUMAN [2] PRPS1 35 kDa 0.33
1182 Histone deacetylase complex subunit SAP18 SAP18_HUMAN SAP18 18 kDa 0.33
1183 Kallikrein-7 KLK7_HUMAN KLK7 28 kDa 0.33
1184 Galectin-1 LEG1 HUMAN LGALS1 15 kDa 0.33
1185 Coiled-coil domain-containing protein 6 CCDC6_HUMAN CCDC6 53 kDa 0.34
1186 Cellular retinoic acid-binding protein 2 RABP2 HUMAN CRABP2 16 kDa 0.34
1187 Eukaryotic translation initiation factor 4E IFAE_HUMAN EIF4E 25 kDa 0.34
1188 Chloride intracellular channel protein 1 CLIC1_ HUMAN CLIC1 27 kDa 0.35
1189 Cofilin-1 COF1_HUMAN CFL1 19 kDa 0.35
Cluster of Eukaryotic peptide chain release factor GTP-
1190 binding subunit ERF3A ERF3A_HUMAN [2] GSPT1 56 kDa 0.35
1191 Insulin-like growth factor 2 mRNA-binding protein 2 IF2B2 HUMAN IGF2BP2 66 kDa 0.35
1192 Serine/threonine-protein kinase N1 PKN1_HUMAN PKN1 104 kDa 0.35
1193 Prosaposin SAP_HUMAN PSAP 58 kDa 0.35
1194 Vacuolar protein-sorting-associated protein 25 VPS25_HUMAN VPS25 21 kDa 0.35
1195 Zinc finger protein 638 ZN638_HUMAN ZNF638 221 kDa 0.35
1196 ATP synthase subunit alpha, mitochondrial ATPA_HUMAN ATP5A1 60 kDa 0.36
1197 DCC-interacting protein 13-alpha DP13A_HUMAN APPL1 80 kDa 0.36
1198 Major prion protein PRIO_HUMAN PRNP 28 kDa 0.36
1199 Coatomer subunit beta’ COPB2_HUMAN COPB2 102 kDa 0.36
Eukaryotic  translation initiation factor 1A, X-
1200 chromosomal IFIAX_HUMAN (+1) EIF1IAX 16 kDa 0.36
1201 BRISC complex subunit Abrol F175B_HUMAN FAM175B 47 kDa 0.36
1202 Desmoglein-1 DSG1_HUMAN DSG1 114 kDa 0.37
1203 Protein RTF2 homolog RTF2_HUMAN RTFDC1 34 kDa 0.37
1204 Cystatin-A CYTA_HUMAN CSTA 11 kDa 0.37
Protein kinase C and casein kinase substrate in neurons
1205 protein 2 PACN2_HUMAN PACSIN2 56 kDa 0.38
1206 U4/U6 small nuclear ribonucleoprotein Prp4 PRP4_HUMAN PRPF4 58 kDa 0.38

236




1207 60S ribosomal protein L19 RL19 HUMAN RPL19 23 kDa 0.38
42 Serum albumin ALBU_HUMAN ALB 69 kDa 0.0001
1209 Testis-specific serine kinase substrate TSKS_HUMAN TSKS 65 kDa 0.38
1210 Kinesin-like protein KIF23 KIF23_ HUMAN KIF23 110 kDa 0.39
1211 Malate dehydrogenase, mitochondrial MDHM_HUMAN MDH2 36 kDa 0.39
1212 DNA damage-binding protein 1 DDB1_HUMAN DDB1 127 kDa 0.39
1213 U1 small nuclear ribonucleoprotein 70 kDa RU17_HUMAN SNRNP70 52 kDa 0.4

605 Gelsolin GELS_HUMAN GSN 86 kDa 0.048
1215 RNA-binding protein 25 RBM25_HUMAN RBM25 100 kDa 04

1216 Golgi reassembly-stacking protein 2 GORS2_HUMAN GORASP2 47 kDa 0.4

1217 40S ribosomal protein S25 RS25_HUMAN RPS25 14 kDa 04

1218 Cellular nucleic acid-binding protein CNBP_HUMAN CNBP 19 kDa 0.4

1219 Cluster of UDP-glucose:glycoprotein glucosyltransferase 1 UGGG1_HUMAN [2] UGGT1 177 kDa 0.4

1220 Catechol O-methyltransferase COMT_HUMAN COMT 30 kDa 0.41
1221 Brain-specific angiogenesis inhibitor 1-associated protein 2 BAIP2_HUMAN BAIAP2 61 kDa 0.41
1222 Vascular endothelial growth factor C VEGFC_HUMAN VEGFC 47 kDa 0.41
1223 Vigilin VIGLN_HUMAN HDLBP 141 kDa 0.42
1224 Histidine triad nucleotide-binding protein 1 HINT1_HUMAN HINT1 14 kDa 0.42
1225 ATP-binding cassette sub-family E member 1 ABCE1_HUMAN ABCE1 67 kDa 0.42
1226 Syndecan-4 SDC4_HUMAN SDC4 22 kDa 0.42
1227 Thrombospondin type-1 domain-containing protein 7A THS7A_HUMAN THSD7A 185 kDa 0.42
1228 Inosine-5'-monophosphate dehydrogenase 2 IMDH2_HUMAN IMPDH2 56 kDa 0.42
1229 Probable ATP-dependent RNA helicase DDX23 DDX23 HUMAN DDX23 96 kDa 0.42
1230 V-type proton ATPase subunit C 1 VATC1_HUMAN ATP6V1C1 44 kDa 0.43
1231 Cluster of Mucin-5B MUC5B_HUMAN [2] MUC5B 596 kDa 0.43
1232 Alpha-centractin ACTZ_HUMAN ACTR1A 43 kDa 0.43
1233 60S ribosomal protein L10-like RL10L_HUMAN (+1) RPL10L 25 kDa 0.44
1234 Chloride intracellular channel protein 4 CLIC4 HUMAN CLIC4 29 kDa 0.44
1235 Heterogeneous nuclear ribonucleoprotein D-like HNRDL_HUMAN HNRNPDL 46 kDa 0.44
1236 Gamma-glutamyltranspeptidase 1 GGT1_HUMAN GGT1 61 kDa 0.44
1237 MAGUK p55 subfamily member 7 MPP7_HUMAN MPP7 66 kDa 0.44
1238 Peripheral plasma membrane protein CASK CSKP_HUMAN CASK 105 kDa 0.44
1239 Desmoglein-2 DSG2_HUMAN DSG2 122 kDa 0.44
1240 Amphiregulin AREG_HUMAN AREG 28 kDa 0.44
1241 Sodium- and chloride-dependent taurine transporter SC6A6_HUMAN SLC6A6 70 kDa 0.44
1242 Inverted formin-2 INF2_ HUMAN INF2 136 kDa 0.44
1243 Melanoma-associated antigen D2 MAGD2_HUMAN MAGED2 65 kDa 0.44
1244 Membrane-associated progesterone receptor component 1 PGRC1_HUMAN PGRMC1 22 kDa 0.44
1245 Neurogenic locus notch homolog protein 2 NOTC2_HUMAN NOTCH2 265 kDa 0.44
1246 Neural cell adhesion molecule L1 L1ICAM_HUMAN L1CAM 140 kDa 0.44
1247 BAH and coiled-coil domain-containing protein 1 BAHC1 HUMAN BAHCC1 277 kDa 0.44
1248 Clathrin coat assembly protein AP180 AP180_HUMAN SNAP91 93 kDa 0.44
1249 Probable ATP-dependent RNA helicase DDX6 DDX6_HUMAN DDX6 54 kDa 0.44
1250 Calcyphosin CAYP1_ HUMAN CAPS 21 kDa 0.44
1251 Caspase-14 CASPE_HUMAN CASP14 28 kDa 0.44
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1252 Procollagen C-endopeptidase enhancer 1 PCOC1_HUMAN PCOLCE 48 kDa 0.44
1253 Aminopeptidase N AMPN_HUMAN ANPEP 110 kDa 0.44
1254 TBC1 domain family member 5 TBCD5_HUMAN TBC1D5 89 kDa 0.44
Voltage-dependent calcium channel subunit alpha-2/delta-
1255 CA2D1_HUMAN CACNA2D1 125 kDa 0.44
High affinity immunoglobulin epsilon receptor subunit
1256 gamma FCERG_HUMAN FCER1G 10 kDa 0.44
1257 Tyrosine-protein kinase HCK HCK_HUMAN HCK 60 kDa 0.44
1258 Secretory carrier-associated membrane protein 2 SCAM2_HUMAN SCAMP2 37 kDa 0.44
1259 Chromatin assembly factor 1 subunit B CAF1B_HUMAN CHAF1B 61 kDa 0.44
A disintegrin and metalloproteinase with thrombospondin
1260 motifs 17 ATS17_HUMAN ADAMTS17 121 kDa 0.44
1261 Heat shock protein 75 kDa, mitochondrial TRAP1_HUMAN TRAP1 80 kDa 0.44
1262 Bone morphogenetic protein 3 BMP3_HUMAN BMP3 53 kDa 0.44
1263 Netrin-4 NET4 HUMAN NTN4 70 kDa 0.44
1264 Semaphorin-3A SEM3A_HUMAN SEMA3A 89 kDa 0.44
1265 Enoyl-CoA hydratase, mitochondrial ECHM_HUMAN ECHS1 31 kDa 0.44
1266 Protein IWS1 homolog IWS1_HUMAN IWS1 92 kDa 0.44
1267 Endophilin-A2 SH3G1_HUMAN (+1) SH3GL1 41 kDa 0.44
A disintegrin and metalloproteinase with thrombospondin
1268 motifs 1 ATS1 HUMAN ADAMTS1 105 kDa 0.44
1269 SEC23-interacting protein S23IP_HUMAN SEC23IP 111 kDa 0.44
1270 Importin-9 IPO9_HUMAN 1PO9 116 kDa 0.44
1271 Platelet endothelial cell adhesion molecule PECA1_HUMAN PECAM1 83 kDa 0.44
1272 Lysine-specific demethylase 2B KDM2B_HUMAN KDM2B 153 kDa 0.44
1273 Villin-1 VILI_HUMAN VIL1 93 kDa 0.44
1274 Plexin-B2 PLXB2_HUMAN PLXNB2 205 kDa 0.44
1275 Protein tyrosine phosphatase type IVA 2 TP4A2_HUMAN PTP4A2 19 kDa 0.44
1276 Heparan sulfate glucosamine 3-O-sulfotransferase 1 HS3S1 HUMAN HS3ST1 36 kDa 0.44
1277 Heparan-sulfate 6-O-sulfotransferase 2 H6ST2_HUMAN HS6ST2 69 kDa 0.44
1278 E3 ubiquitin-protein ligase ARIH1 ARI1_HUMAN ARIH1 64 kDa 0.44
1279 Neuroplastin NPTN_HUMAN NPTN 44 kDa 0.44
1280 Tubulin-specific chaperone D TBCD_HUMAN TBCD 133 kDa 0.44
1281 Protocadherin Fat 1 FAT1 HUMAN FAT1 506 kDa 0.44
1282 Anosmin-1 KALM_HUMAN KAL1 76 kDa 0.44
1283 Alpha-2-macroglobulin-like protein 1 A2ML1 HUMAN A2ML1 161 kDa 0.44
1284 6-phosphogluconolactonase 6PGL_HUMAN PGLS 28 kDa 0.44
1285 Succinate-semialdehyde dehydrogenase, mitochondrial SSDH_HUMAN ALDH5A1 57 kDa 0.44
1286 Matrix metalloproteinase-9 MMP9_HUMAN MMP9 78 kDa 0.44
1287 60S ribosomal protein L23 RL23 HUMAN RPL23 15 kDa 0.44
1288 V-type proton ATPase subunitd 1 VAOD1_HUMAN ATP6VOD1 40 kDa 0.44
1289 Serine/threonine-protein kinase WNK1 WNK1 HUMAN WNK1 251 kDa 0.44
1290 CUGBP Elav-like family member 2 CELF2_HUMAN CELF2 54 kDa 0.44
1291 Myosin light chain kinase, smooth muscle MYLK_HUMAN MYLK 211 kDa 0.44
1292 Arginine and glutamate-rich protein 1 ARGL1 HUMAN ARGLU1 33 kDa 0.44
1293 NEDDB8-conjugating enzyme Ubc12 UBC12_HUMAN UBE2M 21 kDa 0.44
1294 L1M domain and actin-binding protein 1 LIMA1L HUMAN LIMAL 85 kDa 0.44
1295 Carboxypeptidase N subunit 2 CPN2_HUMAN CPN2 61 kDa 0.44
1296 Protein Hook homolog 3 HOOK3_HUMAN HOOK3 83 kDa 0.44
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Dihydrolipoyllysine-residue acetyltransferase component

1297 of pyruvate dehydrogenase complex, mitochondrial ODP2_HUMAN DLAT 69 kDa 0.44
1298 Cytoskeleton-associated protein 4 CKAP4_HUMAN CKAP4 66 kDa 0.44
1299 Glutathione peroxidase 3 GPX3_HUMAN GPX3 26 kDa 0.44
1300 Exportin-5 XPO5_ HUMAN XPO5 136 kDa 0.44
Arf-GAP with coiled-coil, ANK repeat and PH domain-
1301 containing protein 2 ACAP2_HUMAN ACAP2 88 kDa 0.44
1302 Epidermal growth factor receptor substrate 15 EPS15_ HUMAN EPS15 99 kDa 0.44
1303 Dehydrogenase/reductase SDR family member 11 DHR11_ HUMAN DHRS11 28 kDa 0.44
Epidermal growth factor receptor kinase substrate 8-like
1304 protein 1 ES8L1 HUMAN EPS8L1 80 kDa 0.44
1305 Hyaluronan mediated motility receptor HMMR_HUMAN HMMR 84 kDa 0.44
1306 Gamma-soluble NSF attachment protein SNAG_HUMAN NAPG 35 kDa 0.44
1307 Cold shock domain-containing protein E1 CSDE1_HUMAN CSDE1 89 kDa 0.44
1308 Vasopressin-neurophysin 2-copeptin NEU2_HUMAN AVP 17 kDa 0.44
1309 Platelet glycoprotein 4 CD36_HUMAN CD36 53 kDa 0.44
1310 Splicing factor U2AF 65 kDa subunit U2AF2_HUMAN U2AF2 54 kDa 0.44
1311 Protein ITFG3 ITFG3_HUMAN ITFG3 60 kDa 0.44
1312 Tubulin--tyrosine ligase-like protein 12 TTL12_ HUMAN TTLLI12 74 kDa 0.44
1313 Fragile X mental retardation syndrome-related protein 1 FXR1_HUMAN FXR1 70 kDa 0.44
1314 Protein FAM98A FA98A_HUMAN FAM98A 55 kDa 0.44
1315 Ephrin type-B receptor 4 EPHB4 HUMAN EPHB4 108 kDa 0.44
1316 Flavin reductase (NADPH) BLVRB_HUMAN BLVRB 22 kDa 0.44
1317 Trefoil factor 1 TFF1_HUMAN TFF1L 9 kDa 0.44
1318 Translation initiation factor elF-2B subunit delta E12BD_HUMAN EIF2B4 58 kDa 0.44
1319 DNA damage-binding protein 2 DDB2_HUMAN DDB2 48 kDa 0.44
1320 Immunoglobulin superfamily member 3 IGSF3_HUMAN IGSF3 135 kDa 0.44
1321 Chromogranin-A CMGA_HUMAN CHGA 51 kDa 0.44
1322 ADP-ribosylation factor 6 ARF6_HUMAN ARF6 20 kDa 0.44
1323 Envoplakin EVPL_HUMAN EVPL 232 kDa 0.44
Coiled-coil-helix-coiled-coil-helix domain-containing
1324 protein 3, mitochondrial CHCH3_HUMAN CHCHD3 26 kDa 0.44
1325 Malectin MLEC_HUMAN MLEC 32 kDa 0.44
1326 Semaphorin-3G SEM3G_HUMAN SEMA3G 87 kDa 0.44
1327 Cytochrome c1, heme protein, mitochondrial CY1 HUMAN CYC1 35 kDa 0.44
1328 Kunitz-type protease inhibitor 1 SPIT1_HUMAN SPINT1 58 kDa 0.44
1329 Thioredoxin-dependent peroxide reductase, mitochondrial PRDX3_HUMAN PRDX3 28 kDa 0.44
1330 Prohibitin PHB_HUMAN PHB 30 kDa 0.44
1331 Reticulon-3 RTN3_HUMAN RTN3 113 kDa 0.44
1332 Peptidyl-prolyl cis-trans isomerase FKBP1A FKB1A HUMAN FKBP1A 12 kDa 0.44
1333 Voltage-dependent anion-selective channel protein 3 VDAC3_HUMAN VDAC3 31 kDa 0.44
1334 Aspartate aminotransferase, mitochondrial AATM_HUMAN GOT2 48 kDa 0.44
1335 Dynein light chain 2, cytoplasmic DYL2_HUMAN DYNLL2 10 kDa 0.44
1336 Protein S100-P S100P_HUMAN S100P 10 kDa 0.45
1337 Peroxiredoxin-4 PRDX4_HUMAN PRDX4 31 kDa 0.45
301 Cluster of Talin-1 TLN1_HUMAN [2] TLN1 270 kDa 0.0033
1339 60S ribosomal protein L36 RL36_HUMAN RPL36 12 kDa 0.45
1340 Methylcytosine dioxygenase TET3 TET3 HUMAN TET3 179 kDa 0.45
Nascent polypeptide-associated complex subunit alpha,
1341 muscle-specific form NACAM_HUMAN NACA 205 kDa 0.45
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1342 Collagen alpha-1(11) chain CO2A1 HUMAN COL2A1 142 kDa 0.45
1343 Serine-threonine kinase receptor-associated protein STRAP_HUMAN STRAP 38 kDa 0.46
Cluster of Guanine nucleotide-binding  protein
1344 G(1)/G(S)/G(T) subunit beta-2 GBB2_HUMAN [2] GNB2 37 kDa 0.46
1345 Protein DJ-1 PARK7_HUMAN PARK? 20 kDa 0.46
1346 Peptidyl-prolyl cis-trans isomerase H PPIH_HUMAN PPIH 19 kDa 0.46
1347 OCIA domain-containing protein 2 OCAD2_HUMAN OCIAD2 17 kDa 0.46
Cluster of Guanine nucleotide-binding protein G(s)
1348 subunit alpha isoforms XLas GNAS1 HUMAN [6] GNAS 111 kDa 0.46
595 Keratin, type | cytoskeletal 9 K1C9_HUMAN KRT9 62 kDa 0.044
1350 Hepatoma-derived growth factor HDGF_HUMAN HDGF 27 kDa 0.47
1351 Cluster of E3 SUMO-protein ligase RanBP2 RBP2_HUMAN [2] RANBP2 358 kDa 0.47
1352 DnaJ homolog subfamily C member 10 DJC10_HUMAN DNAJC10 91 kDa 0.47
1353 FACT complex subunit SPT16 SP16H_HUMAN SUPT16H 120 kDa 0.47
1354 Anterior gradient protein 2 homolog AGR2_HUMAN AGR2 20 kDa 0.47
1355 Thioredoxin THIO_HUMAN TXN 12 kDa 0.47
1356 Charged multivesicular body protein 4b CHM4B_HUMAN CHMP4B 25 kDa 0.48
1357 COP9 signalosome complex subunit 5 CSN5_HUMAN COPS5 38 kDa 0.48
1358 Dihydrolipoyl dehydrogenase, mitochondrial DLDH_HUMAN DLD 54 kDa 0.48
1359 COP9 signalosome complex subunit 1 CSN1_HUMAN GPS1 56 kDa 0.48
1360 Ubiquitin-protein ligase E3A UBE3A_HUMAN UBE3A 101 kDa 0.49
1361 CD276 antigen CD276_HUMAN CD276 57 kDa 0.49
1362 Adenylate kinase 2, mitochondrial KAD2_HUMAN AK2 26 kDa 0.49
1363 Glucosamine 6-phosphate N-acetyltransferase GNA1_HUMAN GNPNAT1 21 kDa 0.49
1364 Integrin beta-4 1TB4 HUMAN ITGB4 202 kDa 0.49
1365 Insulin-like growth factor 11 IGF2_HUMAN IGF2 20 kDa 0.49
Complement component 1 Q subcomponent-binding
1366 protein, mitochondrial C1QBP_HUMAN C1QBP 31 kDa 0.49
1367 Vesicle-associated membrane protein-associated protein A VAPA_HUMAN VAPA 28 kDa 0.49
1368 Claudin-4 CLD4_HUMAN CLDN4 22 kDa 0.5
1369 Glutathione synthetase GSHB_HUMAN GSS 52 kDa 0.5
1370 Leukotriene A-4 hydrolase LKHA4 HUMAN LTA4H 69 kDa 0.5
1371 Sodium/potassium-transporting ATPase subunit beta-3 AT1B3_HUMAN ATP1B3 32 kDa 0.5
1372 Calpastatin ICAL_HUMAN CAST 77 kDa 0.5
1373 Alpha-2-antiplasmin A2AP_HUMAN SERPINF2 55 kDa 0.5
1374 Structural maintenance of chromosomes protein 3 SMC3_HUMAN SMC3 142 kDa 0.5
1375 Lysine-specific histone demethylase 1A KDM1A_HUMAN KDM1A 93 kDa 0.5
1376 Proteasome subunit alpha type-7 PSA7_HUMAN PSMA7 28 kDa 0.5
1377 5'-3' exoribonuclease 2 XRN2_HUMAN XRN2 109 kDa 0.5
N-acetyllactosaminide beta-1,3-N-
1378 acetylglucosaminyltransferase B3GN1_ HUMAN B3GNT1 47 kDa 0.5
1379 Protein S100-A9 S10A9 HUMAN S100A9 13 kDa 0.51
1380 Heterogeneous nuclear ribonucleoprotein U-like protein 1 HNRL1 HUMAN HNRNPUL1 96 kDa 0.51
1381 Attractin ATRN_HUMAN ATRN 159 kDa 0.51
1382 Ras-related protein Rab-7a RAB7A_HUMAN RAB7A 23 kDa 0.51
1383 Latent-transforming growth factor beta-binding protein 4 LTBP4 HUMAN LTBP4 173 kDa 0.51
1384 10 kDa heat shock protein, mitochondrial CH10 HUMAN HSPE1 11 kDa 0.52
1385 Fibronectin type |11 domain-containing protein 1 FNDC1_HUMAN FNDC1 206 kDa 0.52
1386 Beta-catenin-like protein 1 CTBL1_HUMAN CTNNBL1 65 kDa 0.52
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1387 Pro-cathepsin H CATH_HUMAN CTSH 37 kDa 0.52
1388 Tissue factor pathway inhibitor TFPI1_HUMAN TFPI 35 kDa 0.52
1389 Calmodulin CALM_HUMAN CALM1 17 kDa 0.53
1390 Farnesyl pyrophosphate synthase FPPS_HUMAN FDPS 48 kDa 0.53
High mobility group nucleosome-binding domain-
1391 containing protein 3 HMGN3_HUMAN HMGN3 11 kDa 0.53
Peripheral-type benzodiazepine receptor-associated
1392 protein 1 RIMB1_HUMAN BZRAP1 200 kDa 0.53
1393 Protein arginine N-methyltransferase 5 ANMS5_HUMAN PRMT5 73 kDa 0.53
1394 Single-stranded DNA-binding protein, mitochondrial SSBP_HUMAN SSBP1 17 kDa 0.54
1395 3-ketoacyl-CoA thiolase, mitochondrial THIM_HUMAN ACAA2 42 kDa 0.54
1396 Striatin STRN_HUMAN STRN 86 kDa 0.55
1397 Omega-amidase N1T2 NIT2_HUMAN NIT2 31 kDa 0.55
1398 Small subunit processome component 20 homolog UTP20_ HUMAN UTP20 318 kDa 0.55
1399 Cystathionine beta-synthase CBS_HUMAN CBS 61 kDa 0.55
1400 Endothelial differentiation-related factor 1 EDF1_HUMAN EDF1 16 kDa 0.55
1401 Erythrocyte band 7 integral membrane protein STOM_HUMAN STOM 32 kDa 0.55
1402 60S ribosomal protein L35 RL35_HUMAN RPL35 15 kDa 0.55
1403 Leucine-rich repeat-containing protein 59 LRC59_ HUMAN LRRC59 35 kDa 0.55
1404 Choline transporter-like protein 1 CTL1 HUMAN SLC44A1 73 kDa 0.56
583 Cluster of Actin, cytoplasmic 1 ACTB_HUMAN [7] ACTB 42 kDa 0.04
1406 Fibrinogen alpha chain FIBA_HUMAN FGA 95 kDa 0.56
1407 Protein transport protein Sec16A SC16A_HUMAN SEC16A 234 kDa 0.56
1408 ADP-ribosylation factor-like protein 3 ARL3 HUMAN ARL3 20 kDa 0.56
1409 Myosin regulatory light chain 12A ML12A_HUMAN (+1) MYL12A 20 kDa 0.56
1410 Probable G-protein coupled receptor 125 GP125_HUMAN GPR125 146 kDa 0.56
1411 60S ribosomal protein L7a RL7A_HUMAN RPL7A 30 kDa 0.56
1412 Cytoplasmic dynein 1 heavy chain 1 DYHC1 HUMAN DYNC1H1 532 kDa 0.56
1413 Putative tripartite motif-containing protein 64B TR64B_HUMAN (+1) TRIM64B 52 kDa 0.56
1414 Septin-6 SEPT6_HUMAN Sep-06 50 kDa 0.56
Hepatocyte growth factor-regulated tyrosine kinase
1415 substrate HGS_HUMAN HGS 86 kDa 0.57
1416 Vesicle-associated membrane protein 2 VAMP2_HUMAN VAMP2 13 kDa 0.57
1417 Prothymosin alpha PTMA_HUMAN PTMA 12 kDa 0.57
1418 SCY1-like protein 2 SCYL2_HUMAN SCYL2 104 kDa 0.57
551 Cluster of Heat shock protein HSP 90-alpha HS90A_HUMAN [6] HSP90AAL 85 kDa 0.032
1420 Calreticulin CALR_HUMAN CALR 48 kDa 0.57
1421 Calnexin CALX_HUMAN CANX 68 kDa 0.57
1422 Cysteine and histidine-rich domain-containing protein 1 CHRD1_HUMAN CHORDC1 37 kDa 0.57
1423 Endoplasmic reticulum resident protein 29 ERP29 HUMAN ERP29 29 kDa 0.58
1424 REST corepressor 1 RCOR1_HUMAN RCOR1 53 kDa 0.58
1425 Tsukushin TSK_HUMAN TSKU 38 kDa 0.58
1426 26S protease regulatory subunit 6B PRS6B_HUMAN PSMC4 47 kDa 0.58
1427 Transcription elongation factor SPT6 SPT6H_HUMAN SUPT6H 199 kDa 0.58
1428 CAP-Gly domain-containing linker protein 1 CLIP1_HUMAN CLIP1 162 kDa 0.58
1429 E3 ubiquitin-protein ligase MYCBP2 MYCB2_HUMAN MYCBP2 510 kDa 0.58
1430 Keratinocyte proline-rich protein KPRP_HUMAN KPRP 64 kDa 0.58
1431 Carbonyl reductase [NADPH] 1 CBR1_HUMAN CBR1 30 kDa 0.58
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1432 Plastin-3 PLST_HUMAN PLS3 71 kDa 0.58
1433 Synaptotagmin-1 SYT1_HUMAN SYT1 48 kDa 0.59
1434 Heparin cofactor 2 HEP2_HUMAN SERPIND1 57 kDa 0.59
Serine/threonine-protein phosphatase 1 regulatory subunit
1435 10 PP1IRA_HUMAN PPP1R10 99 kDa 0.59
1436 Ubiquitin carboxyl-terminal hydrolase isozyme L5 UCHL5_HUMAN UCHL5 38 kDa 0.59
1437 Partner of Y14 and mago WIBG_HUMAN WIBG 23 kDa 0.59
1438 Lipolysis-stimulated lipoprotein receptor LSR_HUMAN LSR 71 kDa 0.59
1439 Tenascin-X TENX_HUMAN TNXB 464 kDa 0.59
1440 DNA replication licensing factor MCM4 MCM4_HUMAN MCM4 97 kDa 0.59
1441 Vasorin VASN_HUMAN VASN 72 kDa 0.59
Solute carrier family 2, facilitated glucose transporter
1442 member 1 GTR1_HUMAN SLC2A1 54 kDa 0.59
1443 RUN and FYVE domain-containing protein 1 RUFY1 HUMAN RUFY1 80 kDa 0.6
1444 Protein transport protein Sec23B SC23B_HUMAN SEC23B 86 kDa 0.6
Cluster of Sodium/potassium-transporting ATPase subunit
1445 alpha-1 AT1A1_HUMAN [2] ATP1A1 113 kDa 0.6
1446 Protein disulfide-isomerase PDIA1_HUMAN P4HB 57 kDa 0.6
1447 Metalloproteinase inhibitor 2 TIMP2_HUMAN TIMP2 24 kDa 0.61
1448 Histone H1x H1X_HUMAN H1FX 22 kDa 0.61
1449 Heterogeneous nuclear ribonucleoprotein U HNRPU_HUMAN HNRNPU 91 kDa 0.61
Cluster of Serine/threonine-protein phosphatase PP1-
1450 alpha catalytic subunit PP1A_HUMAN [3] PPP1CA 38 kDa 0.61
1451 Aldo-keto reductase family 1 member B10 AK1BA_HUMAN AKR1B10 36 kDa 0.61
1452 Suppressor of tumorigenicity 14 protein ST14 HUMAN ST14 95 kDa 0.62
133 Cluster of Adenylyl cyclase-associated protein 1 CAP1_HUMAN [2] CAP1 52 kDa 0.00031
1454 Protein furry homolog FRY_HUMAN FRY 339 kDa 0.62
1455 Tumor protein D54 TPD54 HUMAN TPD52L.2 22 kDa 0.62
1456 Cornifin-A SPR1IA_HUMAN (+1) SPRR1A 10 kDa 0.63
1457 Glucosidase 2 subunit beta GLU2B_HUMAN PRKCSH 59 kDa 0.64
1458 Serine--tRNA ligase, cytoplasmic SYSC_HUMAN SARS 59 kDa 0.64
1459 Collagen alpha-1(VI) chain CO6A1_HUMAN COL6AL 109 kDa 0.65
1460 Glucose-6-phosphate isomerase G6PI_HUMAN GPI 63 kDa 0.65
1461 Coatomer subunit alpha COPA_HUMAN COPA 138 kDa 0.66
1462 Reticulon-4 RTN4_HUMAN RTN4 130 kDa 0.66
1463 Major vault protein MVP_HUMAN MVP 99 kDa 0.67
1464 Multifunctional protein ADE2 PUR6_HUMAN PAICS 47 kDa 0.68
1465 Superoxide dismutase [Cu-Zn] SODC_HUMAN SOD1 16 kDa 0.68
1466 Transportin-3 TNPO3_HUMAN TNPO3 104 kDa 0.69
1467 Cullin-4A CUL4A_HUMAN CUL4A 88 kDa 0.69
1468 Cluster of Kinesin-1 heavy chain KINH_HUMAN [2] KIF5B 110 kDa 0.71
1469 Adenylosuccinate lyase PUR8_HUMAN ADSL 55 kDa 0.72
1470 Neurogenic locus notch homolog protein 3 NOTC3 HUMAN NOTCHS3 244 kDa 0.73
1471 Cystatin-B CYTB_HUMAN CSTB 11 kDa 0.73
395 Cluster of Alpha-actinin-4 ACTN4_HUMAN [4] ACTN4 105 kDa 0.0081
1473 26S proteasome non-ATPase regulatory subunit 3 PSMD3_HUMAN PSMD3 61 kDa 0.74
1474 Dystrophin DMD_HUMAN DMD 427 kDa 0.74
1475 Prostaglandin E synthase 3 TEBP_HUMAN PTGES3 19 kDa 0.74
1476 Lumican LUM_HUMAN LUM 38 kDa 0.76
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1477 Septin-11 SEP11_ HUMAN Sep-11 49 kDa 0.77
1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase
1478 beta-3 PLCB3_ HUMAN PLCB3 139 kDa 0.77
1479 Lysosomal alpha-glucosidase LYAG_HUMAN GAA 105 kDa 0.78
1480 Protein Hook homolog 1 HOOK1 HUMAN HOOK1 85 kDa 0.79
1481 Drl-associated corepressor NC2A_HUMAN DRAP1 22 kDa 0.79
1482 GMP reductase 2 GMPR2_HUMAN GMPR2 38 kDa 0.8
1483 Peroxiredoxin-2 PRDX2_HUMAN PRDX2 22 kDa 0.81
1484 Golgi apparatus protein 1 GSLG1 HUMAN GLG1 135 kDa 0.81
1485 N-acetyl-D-glucosamine kinase NAGK_HUMAN NAGK 37 kDa 0.81
1486 Proteolipid protein 2 PLP2_HUMAN PLP2 17 kDa 0.81
1487 Cluster of 6-phosphofructokinase type C K6PP_HUMAN [2] PFKP 86 kDa 0.82
1488 CD166 antigen CD166_HUMAN ALCAM 65 kDa 0.82
902 Cluster of Keratin, type | cytoskeletal 10 K1C10_HUMAN [15] KRT10 59 kDa 0.13
1490 26S protease regulatory subunit 10B PRS10_ HUMAN PSMC6 44 kDa 0.84
Cluster of Serine/threonine-protein phosphatase 2B
1491 catalytic subunit alpha isoform PP2BA_HUMAN [2] PPP3CA 59 kDa 0.86
1492 40S ribosomal protein S2 RS2_HUMAN RPS2 31 kDa 0.87
1493 26S proteasome non-ATPase regulatory subunit 6 PSMD6_HUMAN PSMD6 46 kDa 0.88
1494 26S protease regulatory subunit 7 PRS7_HUMAN PSMC2 49 kDa 0.88
1495 Cluster of Clathrin heavy chain 1 CLH1 HUMAN [2] CLTC 192 kDa 0.88
1496 DnaJ homolog subfamily A member 2 DNJA2_HUMAN DNAJA2 46 kDa 0.89
1497 Cluster of Ras-related protein Rab-5C RAB5C_HUMAN [3] RAB5C 23 kDa 0.91
821 Cluster of Keratin, type Il cytoskeletal 8 K2C8_HUMAN [19] KRT8 54 kDa 0.11
1499 Deleted in malignant brain tumors 1 protein DMBT1_HUMAN DMBT1 261 kDa 0.91
1500 60S ribosomal protein L27 RL27_HUMAN RPL27 16 kDa 0.92
1501 Ubiquitin-conjugating enzyme E2 N UBE2N_HUMAN (+1) UBE2N 17 kDa 0.99
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Table 2: List of proteins indentified only form lung cancer cell line H358

Proteins Accession Number Alternate ID Molecular ANOVA
Weight
Test (p-value)

Keratin, type Il cytoskeletal 8 K2C8_HUMAN KRT8 54 kDa 0.11
Chitinase-3-like protein 1 CH3L1_HUMAN CHI3L1 43 kDa 0.0041
Cathepsin G CATG_HUMAN CTSG 29 kDa 0.0004
C-type lectin domain family 11 member A CLC11_HUMAN CLEC11A 36 kDa 0.0037
Histone H2A type 2-A H2A2A_HUMAN HIST2H2AA3 14 kDa 0.043
Nidogen-1 NID1_HUMAN NID1 136 kDa < 0.00010

Nuclear mitotic apparatus protein 1 NUMA1_HUMAN NUMA1 238 kDa 0.0036
Lysozyme C LYSC_HUMAN LYz 17 kDa 0.00076
DNA-(apurinic or apyrimidinic site) lyase APEX1_HUMAN APEX1 36 kDa 0.017
Activated RNA polymerase Il transcriptional coactivator p15 TCP4_HUMAN SUB1 14 kDa 0.0041
Histone H1.3 H13_HUMAN HIST1H1D 22 kDa 0.38
HLA class I histocompatibility antigen, A-2 alpha chain 1A02_HUMAN HLA-A 41 kDa 0.075
Neutrophil elastase ELNE_HUMAN ELANE 29 kDa 0.0033
Inter-alpha-trypsin inhibitor heavy chain H3 ITIH3_HUMAN ITIH3 100 kDa 0.044
Ras-related protein Rab-14 RAB14_HUMAN RAB14 24 kDa 0.13
T-complex protein 1 subunit alpha TCPA_HUMAN TCP1 60 kDa 0.021
ATP-dependent RNA helicase A DHX9_HUMAN DHX9 141 kDa 0.0053
Na(+)/H(+) exchange regulatory cofactor NHE-RF1 NHRF1_HUMAN SLC9A3R1 39 kDa < 0.00010

Protein diaphanous homolog 1 DIAP1_HUMAN DIAPH1 141 kDa 0.0074
DNA topoisomerase 1 TOP1_HUMAN TOP1 91 kDa 0.0018
Histone H1.5 H15_HUMAN HIST1H1B 23 kDa 0.16
Epithelial cell adhesion molecule EPCAM_HUMAN EPCAM 35 kDa 0.3
Proteasome activator complex subunit 2 PSME2_HUMAN PSME2 27 kDa 0.00015
Cell cycle and apoptosis regulator protein 2 CCAR2_HUMAN CCAR2 103 kDa < 0.00010

Disks large homolog 1 DLG1_HUMAN DLG1 100 kDa 0.0014
Mitochondrial import receptor subunit TOM70 TOM70_HUMAN TOMMT70A 67 kDa 0.0002
Nucleolar and coiled-body phosphoprotein 1 NOLC1_HUMAN NOLC1 74 kDa 0.032
Prothrombin THRB_HUMAN F2 70 kDa 0.053
Importin subunit alpha-1 IMA1_HUMAN KPNA2 58 kDa 0.0011
Nucleosome assembly protein 1-like 1 NP1L1_HUMAN NAP1L1 45 kDa 0.014
Serine/arginine-rich splicing factor 3 SRSF3_HUMAN SRSF3 19 kDa 0.00018
Catenin delta-1 CTND1_HUMAN CTNND1 108 kDa 0.013
Protein RCC2 RCC2_HUMAN RCC2 56 kDa 0.12
Cysteine-rich protein 2 CRIP2_HUMAN CRIP2 22 kDa 0.24
Core histone macro-H2A.1 H2AY_HUMAN H2AFY 40 kDa 0.25
Proteasome activator complex subunit 3 PSME3_HUMAN PSME3 30 kDa 0.014
Paraspeckle component 1 PSPC1_HUMAN PSPC1 59 kDa 0.0067
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Enhancer of rudimentary homolog ERH_HUMAN ERH 12 kDa 0.011
Eukaryotic translation initiation factor 2A EIF2A_HUMAN EIF2A 65 kDa 0.048
Large neutral amino acids transporter small subunit 1 LAT1_HUMAN SLC7A5 55 kDa 0.0014
Sorting nexin-6 SNX6_HUMAN SNX6 47 kDa 0.0027
Serine/arginine-rich splicing factor 2 SRSF2_HUMAN SRSF2 25 kDa 0.049
Eukaryotic translation initiation factor 5 IF5_HUMAN EIF5 49 kDa 0.0011
Tumor protein D52 TPD52_HUMAN TPD52 24 kDa 0.14
Catenin beta-1 CTNB1_HUMAN CTNNB1 85 kDa 0.0075
Leucine-rich repeat-containing protein 47 LRC47_HUMAN LRRC47 63 kDa 0.16
Asparagine--tRNA ligase, cytoplasmic SYNC_HUMAN NARS 63 kDa < 0.00010

Inter-alpha-trypsin inhibitor heavy chain H4 ITIH4_HUMAN ITIH4 103 kDa 0.12
Chromobox protein homolog 3 CBX3_HUMAN CBX3 21 kDa 0.0013
Mitotic checkpoint protein BUB3 BUB3_HUMAN BUB3 37 kDa 0.012
NAD(P)H dehydrogenase [quinone] 1 NQO1_HUMAN NQO1 31 kDa 0.052
Proliferating cell nuclear antigen PCNA_HUMAN PCNA 29 kDa 0.00041
Glutathione reductase, mitochondrial GSHR_HUMAN GSR 56 kDa 0.28
Cartilage oligomeric matrix protein COMP_HUMAN COMP 83 kDa 0.012
MARCKS-related protein MRP_HUMAN MARCKSL1 20 kDa 0.091
60S ribosomal protein L23a RL23A_HUMAN RPL23A 18 kDa 0.24
UDP-glucose 6-dehydrogenase UGDH_HUMAN UGDH 55 kDa 0.11
5'-3" exoribonuclease 2 XRN2_HUMAN XRN2 109 kDa 0.5
Leucine-rich repeat-containing protein 59 LRC59_HUMAN LRRC59 35 kDa 0.55
Splicing factor 3B subunit 1 SF3B1_HUMAN SF3B1 146 kDa 0.012
Ras GTPase-activating protein-binding protein 1 G3BP1_HUMAN G3BP1 52 kDa 0.067
Purine nucleoside phosphorylase PNPH_HUMAN PNP 32 kDa 0.066
SAP domain-containing ribonucleoprotein SARNP_HUMAN SARNP 24 kDa 0.14
Importin-7 IPO7_HUMAN IPO7 120 kDa 0.062
40S ribosomal protein S13 RS13_HUMAN RPS13 17 kDa 0.15
Endoplasmic reticulum resident protein 29 ERP29_HUMAN ERP29 29 kDa 0.58
Complement C5 CO5_HUMAN C5 188 kDa 0.22
Cytoplasmic FMR1-interacting protein 1 CYFP1_HUMAN CYFIP1 145 kDa 0.15
EGF—Iike repeat and discoidin I-like domain-containing protein EDIL3_HUMAN EDIL3 54 kDa 0.16
Inter-alpha-trypsin inhibitor heavy chain H1 ITIHI_HUMAN ITIH1 101 kDa 0.0015
Prefoldin subunit 2 PFD2_HUMAN PFDN2 17 kDa 0.016
Receptor-type tyrosine-protein phosphatase S PTPRS_HUMAN PTPRS 217 kDa 0.027
Thrombospondin-4 TSP4_HUMAN THBS4 106 kDa 0.077
Coagulation factor V FA5_HUMAN F5 252 kDa 0.076
60S ribosomal protein L13 RL13_HUMAN RPL13 24 kDa 0.09
Vitronectin VTNC_HUMAN VTN 54 kDa 0.33
U1 small nuclear ribonucleoprotein 70 kDa RU17_HUMAN SNRNP70 52 kDa 0.4
60S ribosomal protein L22 RL22_HUMAN RPL22 15 kDa 0.038
Dehydrogenase/reductase SDR family member 2, mitochondrial DHRS2_HUMAN DHRS2 30 kDa 0.32
Keratinocyte proline-rich protein KPRP_HUMAN KPRP 64 kDa 0.58
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Pregnancy zone protein PZP_HUMAN pPzP 164 kDa 0.041
Acidic mammalian chitinase CHIA_HUMAN CHIA 52 kDa 0.055
Protein scribble homolog SCRIB_HUMAN SCRIB 175 kDa 0.21
Pancreatic alpha-amylase AMYP_HUMAN AMY2A 58 kDa 0.2
Collagen triple helix repeat-containing protein 1 CTHR1_HUMAN CTHRC1 26 kDa 0.051
Histone H1.0 H10_HUMAN H1FO0 21 kDa 0.29
Junctional adhesion molecule A JAM1_HUMAN F11R 33 kDa 0.2
Claudin-3 CLD3_HUMAN CLDN3 23 kDa 0.052
Syntaxin-4 STX4_HUMAN STX4 34 kDa 0.16
Desmocollin-1 DSC1_HUMAN DSC1 100 kDa 0.072
Brain-specific angiogenesis inhibitor 1-associated protein 2 BAIP2_HUMAN BAIAP2 61 kDa 0.41
CD276 antigen CD276_HUMAN CD276 57 kDa 0.49
CD81 antigen CD81_HUMAN CD81 26 kDa 0.11
Basal cell adhesion molecule BCAM_HUMAN BCAM 67 kDa 0.22
Complement decay-accelerating factor DAF_HUMAN CD55 41 kDa 0.18
Prominin-2 PROM2_HUMAN PROM?2 92 kDa 0.2
Voltage-dependent anion-selective channel protein 1 VDAC1_HUMAN VDAC1 31 kDa 0.28
Small nuclear ribonucleoprotein Sm D1 SMD1_HUMAN SNRPD1 13 kDa 0.12
Golgin subfamily A member 2 GOGA2_HUMAN GOLGA2 113 kDa 0.0013
Annexin A3 ANXA3_HUMAN ANXA3 36 kDa 0.053
Fibulin-2 FBLN2_HUMAN FBLN2 127 kDa 0.22
Histone H1x H1X_HUMAN H1FX 22 kDa 0.61
Integrin alpha-V ITAV_HUMAN ITGAV 116 kDa 0.077
Monocarboxylate transporter 4 MOT4_HUMAN SLC16A3 49 kDa 0.17
Delta(3,5)-Delta(2,4)-dienoyl-CoA isomerase, mitochondrial ECH1_HUMAN ECH1 36 kDa 0.18
N-acetyllactosaminide beta-1,3-N-acetylglucosaminyltransferase B3GN1_HUMAN B3GNT1 47 kDa 0.5
Heparin cofactor 2 HEP2_HUMAN SERPIND1 57 kDa 0.59
Putative tripartite motif-containing protein 64B TR64B_HUMAN (+1) TRIM64B 52 kDa 0.56
Latent-transforming growth factor beta-binding protein 3 LTBP3_HUMAN LTBP3 139 kDa 0.12
Dickkopf-related protein 2 DKK2_HUMAN DKK2 28 kDa 0.27
Ubiquitin-protein ligase E3A UBE3A_HUMAN UBE3A 101 kDa 0.49
Endothelial differentiation-related factor 1 EDF1_HUMAN EDF1 16 kDa 0.55
Membrane-associated progesterone receptor component 1 PGRC1_HUMAN PGRMC1 22 kDa 0.44
Sortilin SORT_HUMAN SORT1 92 kDa 0.031
Protein FAM3C FAM3C_HUMAN FAM3C 25 kDa 0.081
Collagenase 3 MMP13_HUMAN MMP13 54 kDa 0.13
Nicotinate phosphoribosyltransferase PNCB_HUMAN NAPRT1 58 kDa 0.25
Pro-cathepsin H CATH_HUMAN CTSH 37 kDa 0.52
Charged multivesicular body protein 4b CHM4B_HUMAN CHMP4B 25 kDa 0.48
Vacuolar protein-sorting-associated protein 25 VPS25_HUMAN VPS25 21 kDa 0.35
E3 ubiquitin-protein ligase MYCBP2 MYCB2_HUMAN MYCBP2 510 kDa 0.58
SWI/SNF-related matrix-associated actin-dependent regulator SMCE1_HUMAN SMARCE1 47 kDa 0.21
of chromatin subfamily E member 1

D-tyrosyl-tRNA(Tyr) deacylase 1 DTD1_HUMAN DTD1 23 kDa 0.23
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5'-nucleotidase 5NTD_HUMAN NT5E 63 kDa 0.069
Integrin beta-6 ITB6_HUMAN ITGB6 86 kDa 0.054
Inhibin beta B chain INHBB_HUMAN INHBB 45 kDa 0.069
Adenylate kinase 2, mitochondrial KAD2_HUMAN AK2 26 kDa 0.49
Platelet-derived growth factor C PDGFC_HUMAN PDGFC 39 kDa 0.069
Hepatoma-derived growth factor HDGF_HUMAN HDGF 27 kDa 0.47
Serine/arginine-rich splicing factor 7 SRSF7_HUMAN SRSF7 27 kDa 0.3
von Willebrand factor A domain-containing protein 1 VWA1_HUMAN VWAL 47 kDa 0.079
Peroxiredoxin-4 PRDX4_HUMAN PRDX4 31 kDa 0.45
Coactosin-like protein COTL1_HUMAN COTL1 16 kDa 0.24
Small proline-rich protein 2A SPR2A_HUMAN SPRR2A 8 kDa 0.27
Putative pre-mRNA-splicing factor ATP-dependent RNA DHX15_HUMAN DHX15 91 kDa 0.33
helicase DHX15

SH3 domain-binding protein 1 3BP1_HUMAN SH3BP1 76 kDa 0.066
Serine/threonine-protein kinase N1 PKN1_HUMAN PKN1 104 kDa 0.35
Envoplakin EVPL_HUMAN EVPL 232 kDa 0.44
Dr1l-associated corepressor NC2A_HUMAN DRAP1 22 kDa 0.79
Fibronectin type 111 domain-containing protein 1 FNDC1_HUMAN FNDC1 206 kDa 0.52
é-phosphatidylinositol 4,5-bisphosphate phosphodiesterase beta- | PLCB3_HUMAN PLCB3 139 kDa 0.77
Collagen alpha-1(I1) chain CO2A1_HUMAN COL2A1 142 kDa 0.45
Anterior gradient protein 2 homolog AGR2_HUMAN AGR2 20 kDa 0.47
Bone morphogenetic protein 3 BMP3_HUMAN BMP3 53 kDa 0.44
Netrin-4 NET4_HUMAN NTN4 70 kDa 0.44
60S ribosomal protein L15 RL15_HUMAN RPL15 24 kDa 0.13
Epidermal growth factor receptor kinase substrate 8-like ES8L2_HUMAN EPS8L2 81 kDa 0.21
protein 2

HLA class I histocompatibility antigen, B-7 alpha chain 1B07_HUMAN HLA-B 40 kDa 0.31
Semaphorin-3A SEM3A_HUMAN SEMA3A 89 kDa 0.44
Inactive tyrosine-protein kinase 7 PTK7_HUMAN PTK7 118 kDa 0.26
Protein LYRIC LYRIC_HUMAN MTDH 64 kDa 0.24
Thioredoxin domain-containing protein 5 TXND5_HUMAN TXNDC5 48 kDa 0.22
Tissue-type plasminogen activator TPA_HUMAN PLAT 63 kDa 0.3
Catechol O-methyltransferase COMT_HUMAN COMT 30 kDa 0.41
Heterogeneous nuclear ribonucleoprotein U-like protein 1 HNRL1_HUMAN HNRNPUL1 96 kDa 0.51
Tissue factor pathway inhibitor TFPI1_HUMAN TFPI 35 kDa 0.52
Synaptotagmin-1 SYT1_HUMAN SYT1 48 kDa 0.59
Calcyphosin CAYP1_HUMAN CAPS 21 kDa 0.44
Exostosin-1 EXT1_HUMAN EXT1 86 kDa 0.25
Transmembrane protein 43 TMM43_HUMAN TMEMA43 45 kDa 0.18
Caspase-14 CASPE_HUMAN CASP14 28 kDa 0.44
Calpastatin ICAL_HUMAN CAST 77 kDa 0.5
Coiled-coil-helix-coiled-coil-helix domain-containing protein 3, CHCH3_HUMAN CHCHD3 26 kDa 0.44
mitochondrial

A disintegrin and metalloproteinase with thrombospondin ATS1_HUMAN ADAMTS1 105 kDa 0.44

motifs 1
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Complement component 1 Q subcomponent-binding protein, C1QBP_HUMAN C1QBP 31 kDa 0.49
mitochondrial
Vesicle-associated membrane protein-associated protein A VAPA_HUMAN VAPA 28 kDa 0.49
Aspartyl/asparaginyl beta-hydroxylase ASPH_HUMAN ASPH 86 kDa 0.081
Malectin MLEC_HUMAN MLEC 32 kDa 0.44
Lysine-specific demethylase 2B KDM2B_HUMAN KDM2B 153 kDa 0.44
Semaphorin-3G SEM3G_HUMAN SEMA3G 87 kDa 0.44
Cytochrome c1, heme protein, mitochondrial CY1_HUMAN CcYC1 35 kDa 0.44
Kunitz-type protease inhibitor 1 SPIT1_HUMAN SPINT1 58 kDa 0.44
Plexin-B2 PLXB2_HUMAN PLXNB2 205 kDa 0.44
Heparan sulfate glucosamine 3-O-sulfotransferase 1 HS3S1_HUMAN HS3ST1 36 kDa 0.44
Heparan-sulfate 6-O-sulfotransferase 2 H6ST2_HUMAN HS6ST2 69 kDa 0.44
Neuroplastin NPTN_HUMAN NPTN 44 kDa 0.44
Thioredoxin-dependent peroxide reductase, mitochondrial PRDX3_HUMAN PRDX3 28 kDa 0.44
Prohibitin PHB_HUMAN PHB 30 kDa 0.44
Reticulon-3 RTN3_HUMAN RTN3 113 kDa 0.44
Peptidyl-prolyl cis-trans isomerase FKBP1A FKB1A_HUMAN FKBP1A 12 kDa 0.44
Voltage-dependent anion-selective channel protein 3 VDAC3_HUMAN VDAC3 31 kDa 0.44
Table 3: List of proteins identified only in leukaemia cell line THP1
Proteins Accession Number Alternate ID Molecular ANOVA Test
Weight
(p-value)
Keratin, type | cytoskeletal 10 K1C10_HUMAN KRT10 59 kDa 0.13
Keratin, type | cytoskeletal 10 K1C10_HUMAN KRT10 59 kDa 0.053
Keratin, type | cytoskeletal 19 K1C19_HUMAN KRT19 44 kDa 0.0036
Keratin, type | cytoskeletal 14 K1C14_HUMAN KRT14 52 kDa 0.19
Keratin, type | cytoskeletal 17 K1C17_HUMAN KRT17 48 kDa 0.17
Keratin, type | cytoskeletal 16 K1C16_HUMAN KRT16 51 kDa 0.3
Keratin, type | cytoskeletal 13 K1C13_HUMAN KRT13 50 kDa 0.087
Keratin, type | cytoskeletal 24 K1C24_HUMAN KRT24 55 kDa 0.0061
Keratin, type | cytoskeletal 20 K1C20_HUMAN KRT20 48 kDa 0.6
Keratin, type | cytoskeletal 12 K1C12_HUMAN KRT12 54 kDa 1
Keratin, type | cytoskeletal 27 K1C27_HUMAN KRT27 50 kDa 0.44
Keratin, type | cytoskeletal 25 K1C25_HUMAN KRT25 49 kDa 1
Keratin, type | cuticular Ha3-II KT33B_HUMAN KRT33B 46 kDa 1
Keratin, type | cytoskeletal 15 K1C15_HUMAN KRT15 49 kDa 0.44
Keratin, type | cytoskeletal 26 K1C26_HUMAN KRT26 52 kDa 1
Keratin-like protein KRT222 KT222_HUMAN KRT222 34 kDa 1
Endoplasmin ENPL_HUMAN HSP90B1 92 kDa 0.043
Putative endoplasmin-like protein ENPLL_HUMAN HSP90B2P 46 kDa 0.00015
Complement factor D CFAD_HUMAN CFD 27 kDa 0.02
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Macrophage-capping protein CAPG_HUMAN CAPG 38 kDa 0.024
Carbonic anhydrase 2 CAH2_HUMAN CA2 29 kDa 0.0032
Azurocidin CAP7_HUMAN AzZU1 27 kDa 0.0036
Metalloproteinase inhibitor 3 TIMP3_HUMAN TIMP3 24 kDa 0.0019
Lysosomal alpha-mannosidase MA2B1_HUMAN MAN2B1 114 kDa 0.0015
Fermitin family homolog 3 URP2_HUMAN FERMT3 76 kDa 0.00048
Very low-density lipoprotein receptor VLDLR_HUMAN VLDLR 96 kDa 0.095
Carbohydrate sulfotransferase 11 CHSTB_HUMAN CHST11 42 kDa 0.052
Tyrosine-protein phosphatase non-receptor type 6 PTN6_HUMAN PTPN6 68 kDa 0.0043
Collagen alpha-3(VI) chain CO6A3_HUMAN COL6A3 344 kDa 0.057
Dual specificity mitogen-activated protein kinase kinase 1 MP2K1_HUMAN [2] MAP2K1 43 kDa 0.00093
Dual specificity mitogen-activated protein kinase kinase 1 MP2K1_HUMAN MAP2K1 43 kDa 0.0027
Dual specificity mitogen-activated protein kinase kinase 2 MP2K2_HUMAN MAP2K2 44 kDa 0.00013
Complement component C7 CO7_HUMAN c7 94 kDa 0.0024
Apolipoprotein A-l APOA1_HUMAN APOA1 31kDa 0.12
E3 ubiquitin-protein ligase CBL CBL_HUMAN [2] CBL 100 kDa 0.22
E3 ubiquitin-protein ligase CBL CBL_HUMAN CBL 100 kDa 0.15
E3 ubiquitin-protein ligase CBL-B CBLB_HUMAN CBLB 109 kDa 0.75
Proteasome subunit beta type-8 PSB8_HUMAN PSMB8 30 kDa 0.025
Tripeptidyl-peptidase 2 TPP2_HUMAN TPP2 138 kDa 0.083
60S ribosomal protein L3 RL3_HUMAN RPL3 46 kDa 0.13
Fibromodulin FMOD_HUMAN FMOD 43 kDa 0.0015
Integrin alpha-5 ITAS_HUMAN ITGAS 115 kDa 0.0027
Pleckstrin PLEK_HUMAN PLEK 40 kDa 0.0002
60S ribosomal protein L7 RL7_HUMAN RPL7 29 kDa 0.21
Gamma-glutamyl hydrolase GGH_HUMAN GGH 36 kDa 0.19
Mitogen-activated protein kinase 1 MKO1_HUMAN [2] MAPK1 41 kDa 0.0028
Mitogen-activated protein kinase 1 MKO1_HUMAN MAPK1 41 kDa 0.0021
Mitogen-activated protein kinase 3 MKO3_HUMAN MAPK3 43 kDa 0.44
Growth arrest-specific protein 6 GAS6_HUMAN GAS6 80 kDa 0.041
Plasma kallikrein KLKB1_HUMAN KLKB1 71 kDa 0.16
UDP-glucose:glycoprotein glucosyltransferase 1 UGGG1_HUMAN [2] UGGT1 177 kDa 0.4
UDP-glucose:glycoprotein glucosyltransferase 1 UGGG1_HUMAN UGGT1 177 kDa 0.33
UDP-glucose:glycoprotein glucosyltransferase 2 UGGG2_HUMAN UGGT2 175 kDa 1
Phosphatidylinositol 3,4,5-trisphosphate 5-phosphatase 1 SHIP1_HUMAN INPP5D 133 kDa 0.053
Cathepsin S CATS_HUMAN CTSS 37 kDa <0.00010
Acetyl-CoA acetyltransferase, cytosolic THIC_HUMAN ACAT2 41 kDa 0.31
Fibrinogen gamma chain FIBG_HUMAN FGG 52 kDa 0.097
Hyaluronidase-3 HYAL3_HUMAN HYAL3 47 kDa <0.00010
UMP-CMP kinase KCY_HUMAN CMPK1 22 kDa 0.16
Complement component C8 beta chain CO8B_HUMAN C8B 67 kDa 0.23
Vitamin K-dependent protein S PROS_HUMAN PROS1 75 kDa 0.27
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Ethylmalonyl-CoA decarboxylase ECHD1_HUMAN ECHDC1 34 kDa 0.038
Transmembrane protein C16orf54 CP054_HUMAN Cl6orf54 24 kDa 0.0049
Apolipoprotein C-1I APOC2_HUMAN APOC2 11 kDa 0.038
60S ribosomal protein L18a RL18A_HUMAN RPL18A 21 kDa 0.12
Polypeptide N-acetylgalactosaminyltransferase 2 GALT2_HUMAN GALNT2 65 kDa 0.067
Phospholipase A-2-activating protein PLAP_HUMAN PLAA 87 kDa 0.056
N(G),N(G)-dimethylarginine dimethylaminohydrolase 2 DDAH2_HUMAN DDAH2 30 kDa 0.0023
Peptidyl-prolyl cis-trans isomerase C PPIC_HUMAN PPIC 23 kDa 0.0023
Gamma-glutamyltranspeptidase 1 GGT1_HUMAN GGT1 61 kDa 0.44
C-type mannose receptor 2 MRC2_HUMAN MRC2 167 kDa 0.056
Integrin beta-2 ITB2_HUMAN ITGB2 85 kDa 0.056
Receptor-type tyrosine-protein phosphatase C PTPRC_HUMAN PTPRC 147 kDa 0.083
Carboxypeptidase M CBPM_HUMAN CPM 51 kDa 0.12
Coagulation factor IX FA9_HUMAN F9 52 kDa 0.055
40S ribosomal protein S27 RS27_HUMAN RPS27 9 kDa 0.1
Deoxynucleoside triphosphate triphosphohydrolase SAMHD1 SAMH1_HUMAN SAMHD1 72 kDa 0.0057
Dihydrolipoyl dehydrogenase, mitochondrial DLDH_HUMAN DLD 54 kDa 0.48
Insulin-like growth factor 2 mRNA-binding protein 2 IF2B2_HUMAN IGF2BP2 66 kDa 0.35
Testis-specific serine kinase substrate TSKS_HUMAN TSKS 65 kDa 0.38
Casein kinase Il subunit beta CSK2B_HUMAN CSNK2B 25 kDa 0.0016
Protein-methionine sulfoxide oxidase MICAL1 MICA1_HUMAN MICAL1 118 kDa 0.071
Rho-related GTP-binding protein RhoG RHOG_HUMAN RHOG 21 kDa 0.12
Protein tweety homolog 3 TTYH3_HUMAN TTYH3 58 kDa 0.12
Dipeptidyl peptidase 2 DPP2_HUMAN DPP7 54 kDa 0.00056
Glutathione peroxidase 1 GPX1_HUMAN GPX1 22 kDa 0.055
Mesencephalic astrocyte-derived neurotrophic factor MANF_HUMAN MANF 21 kDa 0.16
Differentially expressed in FDCP 6 homolog DEFI6_HUMAN DEF6 74 kDa 0.055
BAH and coiled-coil domain-containing protein 1 BAHC1_HUMAN BAHCC1 277 kDa 0.44
Interleukin-6 receptor subunit alpha ILBRA_HUMAN IL6R 52 kDa 0.13
Proteasome subunit beta type-10 PSB10_HUMAN PSMB10 29 kDa 0.13
Nucleobindin-2 NUCB2_HUMAN NUCB2 50 kDa 0.071
1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase PLCG2_HUMAN PLCG2 148 kDa 0.13
gamma-2

Golgi-associated plant pathogenesis-related protein 1 GAPR1_HUMAN GLIPR2 17 kDa 0.032
Prolow-density lipoprotein receptor-related protein 1 LRP1_HUMAN LRP1 505 kDa 0.055
60S ribosomal protein L18 RL18_HUMAN RPL18 22 kDa 0.33
Serglycin SRGN_HUMAN SRGN 18 kDa 0.00056
Fibrinogen alpha chain FIBA_HUMAN FGA 95 kDa 0.56
Probable ATP-dependent RNA helicase DDX6 DDX6_HUMAN DDX6 54 kDa 0.44
Amyloid beta A4 precursor protein-binding family B member AB1IP_HUMAN APBB1IP 73 kDa 0.12
1-interacting protein

Coronin-7 CORO7_HUMAN CORO7 101 kDa 0.12
Alpha-galactosidase A AGAL_HUMAN GLA 49 kDa 0.12
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Rho GDP-dissociation inhibitor 2 GDIR2_HUMAN ARHGDIB 23 kDa 0.2
Complement C1q tumor necrosis factor-related protein 3 C1QT3_HUMAN C1QTNF3 27 kDa 0.12
Anosmin-1 KALM_HUMAN KAL1 76 kDa 0.44
3-ketoacyl-CoA thiolase, mitochondrial THIM_HUMAN ACAA2 42 kDa 0.54
Procollagen C-endopeptidase enhancer 1 PCOC1_HUMAN PCOLCE 48 kDa 0.44
Histone deacetylase 2 HDAC2_HUMAN HDAC2 55 kDa 0.13
Aminopeptidase N AMPN_HUMAN ANPEP 110 kDa 0.44
Platelet endothelial cell adhesion molecule PECA1_HUMAN PECAM1 83 kDa 0.44
V-type proton ATPase subunit H VATH_HUMAN ATP6V1H 56 kDa 0.12
Annexin A11 ANX11_HUMAN ANXA11 54 kDa 0.076
Serine/threonine-protein phosphatase 1 regulatory subunit PP1RA_HUMAN PPP1R10 99 kDa 0.59
10

TBC1 domain family member 5 TBCD5_HUMAN TBC1DS 89 kDa 0.44
Transcription factor TFIIIB component B" homolog BDP1_HUMAN BDP1 294 kDa 0.057
Ectonucleotide pyrophosphatase/phosphodiesterase family ENPP2_HUMAN ENPP2 99 kDa 0.12
member 2

Voltage-dependent calcium channel subunit alpha-2/delta-1 CA2D1_HUMAN CACNA2D1 125 kDa 0.44
Serine/threonine-protein kinase WNK1 WNK1_HUMAN WNK1 251 kDa 0.44
High affinity immunoglobulin epsilon receptor subunit gamma FCERG_HUMAN FCER1G 10 kDa 0.44
Tyrosine-protein kinase HCK HCK_HUMAN HCK 60 kDa 0.44
Secretory carrier-associated membrane protein 2 SCAM2_HUMAN SCAMP2 37 kDa 0.44
Chromatin assembly factor 1 subunit B CAF1B_HUMAN CHAF1B 61 kDa 0.44
CUGBP Elav-like family member 2 CELF2_HUMAN CELF2 54 kDa 0.44
A disintegrin and metalloproteinase with thrombospondin ATS17_HUMAN ADAMTS17 121 kDa 0.44
motifs 17

Table 4: List of proteins only identified from breast cancer cell line MCF7

Proteins Accession Number Alternate ID Molecular ANOVA Test (p-value)
Weight
Keratin, type Il cytoskeletal 8 K2C8_HUMAN KRT8 54 kDa 0.0002
Keratin, type Il cytoskeletal 1 K2C1_HUMAN KRT1 66 kDa 0.059
Keratin, type Il cytoskeletal 2 epidermal K22E_HUMAN KRT2 65 kDa 0.07
Keratin, type Il cytoskeletal 5 K2C5_HUMAN KRTS 62 kDa 0.075
Keratin, type Il cytoskeletal 7 K2C7_HUMAN KRT7 51 kDa 0.13
Glial fibrillary acidic protein GFAP_HUMAN GFAP 50 kDa 0.025
Keratin, type Il cytoskeletal 6A K2C6A_HUMAN KRT6A 60 kDa 0.22
Keratin, type Il cytoskeletal 6B K2C6B_HUMAN KRT6B 60 kDa 0.22
Keratin, type Il cytoskeletal 1b K2C1B_HUMAN KRT77 62 kDa 0.043
Keratin, type Il cytoskeletal 4 K2C4_HUMAN KRT4 57 kDa 0.22
Keratin, type Il cytoskeletal 3 K2C3_HUMAN KRT3 64 kDa 0.36
Keratin, type Il cytoskeletal 75 K2C75_HUMAN KRT75 60 kDa 0.052
Keratin, type Il cytoskeletal 73 K2C73_HUMAN KRT73 59 kDa 0.59
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Keratin, type Il cytoskeletal 80 K2C80_HUMAN KRT80 51 kDa 0.59
Keratin, type Il cytoskeletal 78 K2C78_HUMAN KRT78 57 kDa 0.44
Neurofilament heavy polypeptide NFH_HUMAN NEFH 112 kDa 1
Keratin, type Il cuticular Hb4 KRT84_HUMAN KRT84 65 kDa 0.44
Keratin, type Il cytoskeletal 74 K2C74_HUMAN KRT74 58 kDa 0.41
Keratin, type Il cytoskeletal 2 oral K220_HUMAN KRT76 66 kDa 0.44
Nuclease-sensitive element-binding protein 1 YBOX1_HUMAN YBX1 36 kDa 0.0086
Y-box-binding protein 2 YBOX2_HUMAN YBX2 39 kDa 0.44
Y-box-binding protein 3 YBOX3_HUMAN YBX3 40 kDa 1
Transportin-1 TNPO1_HUMAN TNPO1 102 kDa <0.00010
Transportin-2 TNPO2_HUMAN TNPO2 101 kDa 0.074

Latent-transforming growth factor beta-binding protein 1 LTBP1_HUMAN LTBP1 187 kDa 0.14
Fructose-1,6-bisphosphatase 1 F16P1_HUMAN FBP1 37 kDa 0.0045
Fructose-1,6-bisphosphatase isozyme 2 F16P2_HUMAN FBP2 37 kDa 0.067

Dynactin subunit 2 DCTN2_HUMAN DCTN2 44 kDa <0.00010
Glutamine--fructose-6-phosphate aminotransferase GFPT1_HUMAN GFPT1 79 kDa 0.37

[isomerizing] 1
Glutamine--fructose-6-phosphate aminotransferase GFPT2_HUMAN GFPT2 77 kDa <0.00010

[isomerizing] 2

Creatine kinase U-type, mitochondrial KCRU_HUMAN CKMT1A 47 kDa 0.0045

Semaphorin-3C SEM3C_HUMAN SEMA3C 85 kDa 0.041

Treacle protein TCOF_HUMAN TCOF1 152 kDa 0.073
Transcription elongation factor A protein 1 TCEA1_HUMAN TCEA1 34 kDa 0.17
Transcription elongation factor A protein 2 TCEA2_HUMAN TCEA2 34 kDa 0.44
Protein lin-7 homolog C LIN7C_HUMAN LIN7C 22 kDa 0.00023
Protein lin-7 homolog A LIN7A_HUMAN LIN7A 26 kDa 0.44

Dystroglycan DAG1_HUMAN DAG1 97 kDa 0.038

Huntingtin-interacting protein 1-related protein HIP1IR_HUMAN HIP1R 119 kDa 0.0054

Breast carcinoma-amplified sequence 1 BCAS1_HUMAN BCAS1 62 kDa <0.00010

Neogenin NEO1_HUMAN NEO1 160 kDa 0.015

Serine/threonine-protein kinase MST4 MST4_HUMAN [2] MST4 47 kDa 0.00036
Serine/threonine-protein kinase MST4 MST4_HUMAN MST4 47 kDa 0.0052
Serine/threonine-protein kinase 24 STK24_HUMAN STK24 49 kDa 0.084

Clathrin light chain B CLCB_HUMAN CLTB 25 kDa <0.00010

Microtubule-associated protein tau TAU_HUMAN MAPT 79 kDa < 0.00010

Protein S100-A13 S10AD_HUMAN S100A13 11 kDa <0.00010

LINE-1 retrotransposable element ORF1 protein LORF1_HUMAN L1RE1 40 kDa 0.0053

Protein kinase C and casein kinase substrate in neurons protein PACN3_HUMAN PACSIN3 48 kDa <0.00010

3

Plakophilin-3 PKP3_HUMAN PKP3 87 kDa <0.00010

Squamous cell carcinoma antigen recognized by T-cells 3 SART3_HUMAN SART3 110 kDa 0.0092

28 kDa heat- and acid-stable phosphoprotein HAP28_HUMAN PDAP1 21 kDa 0.003

Protein unc-45 homolog A UN45A_HUMAN UNC45A 103 kDa 0.047
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26S protease regulatory subunit 6A PRS6A_HUMAN PSMC3 49 kDa 0.01
Bifunctional ATP-dependent dihydroxyacetone kinase/FAD- DHAK_HUMAN DAK 59 kDa 0.0034
AMP lyase (cyclizing)
Na(+)/H(+) exchange regulatory cofactor NHE-RF2 NHRF2_HUMAN SLC9A3R2 37 kDa 0.063
Dynamin-like 120 kDa protein, mitochondrial OPA1_HUMAN OPA1 112 kDa 0.0045
Transmembrane protein 132A T132A_HUMAN TMEM132A 110 kDa 0.2
UBX domain-containing protein 1 UBXN1_HUMAN UBXN1 33 kDa 0.00027
Uncharacterized protein C190rf43 CS043_HUMAN C190rf43 18 kDa 0.001
26S proteasome non-ATPase regulatory subunit 8 PSMD8_HUMAN PSMD8 40 kDa 0.0004
Thrombospondin type-1 domain-containing protein 4 THSD4_HUMAN THSD4 112 kDa 0.0014
Stromal cell-derived factor 1 SDF1_HUMAN CXCL12 11 kDa < 0.00010
Leucine-rich repeat protein SHOC-2 SHOC2_HUMAN SHOC2 65 kDa 0.0004
26S proteasome non-ATPase regulatory subunit 14 PSDE_HUMAN PSMD14 35 kDa 0.13
Leucine--tRNA ligase, cytoplasmic SYLC_HUMAN LARS 134 kDa 0.0078
Arfaptin-2 ARFP2_HUMAN ARFIP2 38 kDa <0.00010
Protein enabled homolog ENAH_HUMAN ENAH 67 kDa 0.1
Phenylalanine--tRNA ligase beta subunit SYFB_HUMAN FARSB 66 kDa 0.073
Heat shock protein 75 kDa, mitochondrial TRAP1_HUMAN TRAP1 80 kDa 0.44
EH domain-containing protein 1 EHD1_HUMAN EHD1 61 kDa 0.083
General transcription factor IIF subunit 1 T2FA_HUMAN GTF2F1 58 kDa < 0.00010
Sorcin SORCN_HUMAN SRI 22 kDa 0.018
Dynactin subunit 3 DCTN3_HUMAN DCTN3 21 kDa 0.1
COP9 signalosome complex subunit 6 CSN6_HUMAN COPS6 36 kDa 0.25
Cleavage stimulation factor subunit 2 CSTF2_HUMAN CSTF2 61 kDa 0.0004
Serine/threonine-protein phosphatase 2A 56 kDa regulatory 2A5E_HUMAN PPP2R5E 55 kDa 0.0009
subunit epsilon isoform
ATPase ASNA1 ASNA_HUMAN ASNA1 39 kDa <0.00010
Calsyntenin-3 CSTN3_HUMAN CLSTN3 106 kDa 0.08
Luc7-like protein 3 LC7L3_HUMAN LUC7L3 51 kDa <0.00010
Tetratricopeptide repeat protein 1 TTC1_HUMAN TTC1 34 kDa 0.065
Coiled-coil domain-containing protein 6 CCDC6_HUMAN CCDC6 53 kDa 0.34
G-protein coupled receptor 126 GP126_HUMAN GPR126 137 kDa <0.00010
Prefoldin subunit 6 PFD6_HUMAN PFDN6 15 kDa 0.074
Cell division cycle and apoptosis regulator protein 1 CCAR1I_HUMAN CCAR1 133 kDa 0.11
Nck-associated protein 1 NCKP1_HUMAN NCKAP1 129 kDa 0.065
Brain-specific angiogenesis inhibitor 1-associated protein 2-like BI2L1_HUMAN BAIAP2L1 57 kDa 0.00047
protein 1
Electron transfer flavoprotein subunit beta ETFB_HUMAN ETFB 28 kDa 0.1
Transcription factor BTF3 BTF3_HUMAN BTF3 22 kDa 0.00047
Kinesin light chain 2 KLC2_HUMAN [2] KLC2 69 kDa 0.055
Kinesin light chain 2 KLC2_HUMAN KLC2 69 kDa 0.055
Kinesin light chain 1 KLC1_HUMAN KLC1 65 kDa 1
SWI/SNF complex subunit SMARCC2 SMRC2_HUMAN SMARCC2 133 kDa 0.14
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Protein phosphatase methylesterase 1 PPME1_HUMAN PPME1 42 kDa 0.24
182 kDa tankyrase-1-binding protein TB182_HUMAN TNKS1BP1 182 kDa 0.062
Signal recognition particle subunit SRP72 SRP72_HUMAN SRP72 75 kDa 0.00024
Syntaxin-binding protein 3 STXB3_HUMAN STXBP3 68 kDa 0.084
Formin-binding protein 1-like FBP1L_HUMAN FNBP1L 70 kDa 0.022
Arfaptin-1 ARFP1_HUMAN ARFIP1 42 kDa 0.0034
E3 ubiquitin-protein ligase TRIM33 TRI33_HUMAN TRIM33 123 kDa 0.0016
Vasorin VASN_HUMAN VASN 72 kDa 0.59
GRIP1-associated protein 1 GRAP1_HUMAN GRIPAP1 96 kDa 0.00088
Caldesmon CALD1_HUMAN CALD1 93 kDa 0.32
Oxysterol-binding protein 1 OSBP1_HUMAN OSBP 89 kDa 0.26
Neurogenic locus notch homolog protein 2 NOTC2_HUMAN NOTCH2 265 kDa 0.44
PCTP-like protein PCTL_HUMAN STARD10 33 kDa 0.052
Tubulin gamma-1 chain TBG1_HUMAN (+1) TUBG1 51 kDa 0.011
N-acetylserotonin O-methyltransferase-like protein ASML_HUMAN ASMTL 69 kDa 0.22
Neural cell adhesion molecule L1 L1CAM_HUMAN L1CAM 140 kDa 0.44
Tyrosine-protein kinase receptor UFO UFO_HUMAN AXL 98 kDa 0.24
Negative elongation factor E NELFE_HUMAN NELFE 43 kDa 0.26
PDZ domain-containing protein GIPC1 GIPC1_HUMAN GIPC1 36 kDa 0.0045
General transcription factor II-1 GTF2I_HUMAN GTF2I 112 kDa 0.28
Guanine nucleotide-binding protein subunit alpha-13 GNA13_HUMAN GNA13 44 kDa 0.00024
Telomeric repeat-binding factor 2-interacting protein 1 TE2IP_HUMAN TERF2IP 44 kDa 0.0016
mRNA export factor RAE1L_HUMAN RAE1 41 kDa <0.00010

S-phase kinase-associated protein 1 SKP1_HUMAN SKP1 19 kDa 0.027
Pyridoxal-dependent decarboxylase domain-containing protein PDXD1_HUMAN PDXDC1 87 kDa 0.074
1

Methionine aminopeptidase 1 MAP11_HUMAN METAP1 43 kDa 0.0011
CDKS5 regulatory subunit-associated protein 3 CK5P3_HUMAN CDK5RAP3 57 kDa 0.00024
YLP motif-containing protein 1 YLPM1_HUMAN YLPM1 220 kDa 0.074
ATP-dependent RNA helicase DHX29 DHX29_HUMAN DHX29 155 kDa 0.1
Epidermal growth factor receptor kinase substrate 8 EPS8_HUMAN EPS8 92 kDa 0.26
Charged multivesicular body protein 2b CHM2B_HUMAN CHMP2B 24 kDa 0.15
Leucine-rich repeat flightless-interacting protein 2 LRRF2_HUMAN LRRFIP2 82 kDa 0.0045
Protein TFG TFG_HUMAN TFG 43 kDa 0.0044
Alpha-taxilin TXLNA_HUMAN TXLNA 62 kDa 0.23
Transcription elongation factor B polypeptide 2 ELOB_HUMAN TCEB2 13 kDa 0.0077
Extracellular sulfatase Sulf-2 SULF2_HUMAN SULF2 100 kDa 0.33
Attractin ATRN_HUMAN ATRN 159 kDa 0.51
Cytoplasmic dynein 1 light intermediate chain 2 DC1L2_HUMAN DYNC1LI2 54 kDa 0.14
MAGUK p55 subfamily member 7 MPP7_HUMAN MPP7 66 kDa 0.44
Phosphoribosyl pyrophosphate synthase-associated protein 1 KPRA_HUMAN PRPSAP1 39 kDa 0.17
RNA-binding protein 10 RBM10_HUMAN RBM10 104 kDa 0.058
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Serpin H1 SERPH_HUMAN SERPINH1 46 kDa 0.12
Ras-related protein Rab-7a RAB7A_HUMAN RAB7A 23 kDa 0.51
Shootin-1 SHOT1_HUMAN KIAA1598 72 kDa 0.11
Coatomer subunit epsilon COPE_HUMAN COPE 34 kDa 0.26
Pleckstrin homology domain-containing family F member 2 PKHF2_HUMAN PLEKHF2 28 kDa < 0.00010

Nuclear cap-binding protein subunit 1 NCBP1_HUMAN NCBP1 92 kDa 0.084
Glutamine-dependent NAD(+) synthetase NADE_HUMAN NADSYN1 79 kDa 0.053
Nuclear valosin-containing protein-like NVL_HUMAN NVL 95 kDa < 0.00010

Peripheral plasma membrane protein CASK CSKP_HUMAN CASK 105 kDa 0.44
Protein transport protein Sec16A SC16A_HUMAN SEC16A 234 kDa 0.56
DNA repair protein XRCC1 XRCC1_HUMAN XRCC1 69 kDa 0.22
Desmoglein-2 DSG2_HUMAN DSG2 122 kDa 0.44
Proteasome-associated protein ECM29 homolog ECM29_HUMAN ECM29 204 kDa 0.092
DNA repair protein complementing XP-C cells XPC_HUMAN XPC 106 kDa 0.17
26S proteasome non-ATPase regulatory subunit 10 PSD10_HUMAN PSMD10 24 kDa 0.14
60S acidic ribosomal protein P1 RLA1_HUMAN RPLP1 12 kDa 0.012
Dnal homolog subfamily C member 17 DJC17_HUMAN DNAJC17 35 kDa 0.084
Dihydropyrimidinase-related protein 1 DPYL1_HUMAN CRMP1 62 kDa 0.093
AP-1 complex subunit mu-2 AP1M2_HUMAN AP1M2 48 kDa 0.12
SNW domain-containing protein 1 SNW1_HUMAN SNW1 61 kDa 0.15
Translin TSN_HUMAN TSN 26 kDa 0.19
Eukaryotic translation initiation factor 2 subunit 2 IF2B_HUMAN EIF2S2 38 kDa 0.084
Low-density lipoprotein receptor LDLR_HUMAN LDLR 95 kDa 0.17
Methylcytosine dioxygenase TET3 TET3_HUMAN TET3 179 kDa 0.45
Amphiregulin AREG_HUMAN AREG 28 kDa 0.44
Sodium- and chloride-dependent taurine transporter SC6A6_HUMAN SLC6A6 70 kDa 0.44
Serine hydroxymethyltransferase, cytosolic GLYC_HUMAN SHMT1 53 kDa 0.084
Regulation of nuclear pre-mRNA domain-containing protein 1A RPR1A_HUMAN RPRD1A 36 kDa 0.11
Abl interactor 2 ABI2_HUMAN ABI2 56 kDa 0.11
REST corepressor 1 RCOR1_HUMAN RCOR1 53 kDa 0.58
Enoyl-CoA hydratase, mitochondrial ECHM_HUMAN ECHS1 31kDa 0.44
Wiskott-Aldrich syndrome protein family member 2 WASF2_HUMAN WASF2 54 kDa 0.084
Receptor expression-enhancing protein 6 REEP6_HUMAN REEP6 21 kDa 0.069
PRKC apoptosis WT1 regulator protein PAWR_HUMAN PAWR 37 kDa 0.13
Biliverdin reductase A BIEA_HUMAN BLVRA 33 kDa 0.11
Cleavage stimulation factor subunit 3 CSTF3_HUMAN CSTF3 83 kDa 0.11
Protein IWS1 homolog IWS1_HUMAN IWS1 92 kDa 0.44
Inverted formin-2 INF2_HUMAN INF2 136 kDa 0.44
Importin subunit alpha-7 IMA7_HUMAN KPNA6 60 kDa 0.053
Zinc finger CCCH domain-containing protein 4 ZC3H4_HUMAN ZC3H4 140 kDa 0.14
Endophilin-A2 SH3G1_HUMAN (+1) SH3GL1 41 kDa 0.44
Tsukushin TSK_HUMAN TSKU 38 kDa 0.58
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ADP-ribosylation factor-like protein 3 ARL3_HUMAN ARL3 20 kDa 0.56
Microfibrillar-associated protein 1 MFAP1_HUMAN MFAP1 52 kDa 0.062
AH receptor-interacting protein AIP_HUMAN AlP 38 kDa 0.084
U4/U6 small nuclear ribonucleoprotein Prp31 PRP31_HUMAN PRPF31 55 kDa 0.11
Melanoma-associated antigen D2 MAGD2_HUMAN MAGED2 65 kDa 0.44
Proteins Accession Number Alternate ID Molecular Weight ANOVA Test (p-value)

Calcium-regulated heat stable protein 1 CHSP1_HUMAN CARHSP1 16 kDa 0.062
Apoptotic chromatin condensation inducer in the nucleus ACINU_HUMAN ACIN1 152 kDa 0.17
Grancalcin GRAN_HUMAN GCA 24 kDa 0.084
SEC23-interacting protein S23IP_HUMAN SEC23IP 111 kDa 0.44
Kelch domain-containing protein 4 KLDC4_HUMAN KLHDC4 58 kDa 0.11
Exportin-5 XPO5_HUMAN XPO5 136 kDa 0.44
YTH domain-containing protein 1 YTDC1_HUMAN YTHDC1 85 kDa 0.084
Arf-GAP with coiled-coil, ANK repeat and PH domain- ACAP2_HUMAN ACAP2 88 kDa 0.44
containing protein 2

Importin-9 IPO9_HUMAN IPO9 116 kDa 0.44
Epidermal growth factor receptor substrate 15 EPS15_HUMAN EPS15 99 kDa 0.44
Epidermal growth factor receptor kinase substrate 8-like ES8L1_HUMAN EPS8L1 80 kDa 0.44
protein 1

PERQ amino acid-rich with GYF domain-containing protein 2 PERQ2_HUMAN GIGYF2 150 kDa 0.014
Hyaluronan mediated motility receptor HMMR_HUMAN HMMR 84 kDa 0.44
Villin-1 VILI_HUMAN ViL1 93 kDa 0.44
Septin-8 SEPT8_HUMAN Sep-08 | 56 kDa 0.15
Gamma-soluble NSF attachment protein SNAG_HUMAN NAPG 35 kDa 0.44
Cold shock domain-containing protein E1 CSDE1_HUMAN CSDE1 89 kDa 0.44
Platelet glycoprotein 4 CD36_HUMAN CD36 53 kDa 0.44
Splicing factor U2AF 65 kDa subunit U2AF2_HUMAN U2AF2 54 kDa 0.44
Protein ITFG3 ITFG3_HUMAN ITFG3 60 kDa 0.44
Protein tyrosine phosphatase type IVA 2 TP4A2_HUMAN PTP4A2 19 kDa 0.44
Fragile X mental retardation syndrome-related protein 1 FXR1_HUMAN FXR1 70 kDa 0.44
E3 ubiquitin-protein ligase ARIH1 ARI1_HUMAN ARIH1 64 kDa 0.44
Dynein light chain 1, cytoplasmic DYL1_HUMAN DYNLL1 10 kDa 0.053
Protein FAM98A FA98A_HUMAN FAM98A 55 kDa 0.44
Ephrin type-B receptor 4 EPHB4_HUMAN EPHB4 108 kDa 0.44
Flavin reductase (NADPH) BLVRB_HUMAN BLVRB 22 kDa 0.44
Trefoil factor 1 TFF1_HUMAN TFF1 9 kDa 0.44
Translation initiation factor elF-2B subunit delta EI2BD_HUMAN EIF2B4 58 kDa 0.44
DNA damage-binding protein 2 DDB2_HUMAN DDB2 48 kDa 0.44
Immunoglobulin superfamily member 3 IGSF3_HUMAN IGSF3 135 kDa 0.44
ADP-ribosylation factor 6 ARF6_HUMAN ARF6 20 kDa 0.44
Tubulin-specific chaperone D TBCD_HUMAN TBCD 133 kDa 0.44

Table 5: List of proteins identified only from primary lung cell HBTE
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Myosin-9 MYH9_HUMAN MYH9 227 kDa 0.32
Endoplasmin ENPL_HUMAN HSP90B1 92 kDa 0.029
Spectrin beta chain, non-erythrocytic 1 SPTB2_HUMAN SPTBN1 275 kDa 0.034
Eukaryotic translation initiation factor 4 IF4G1_HUMAN EIF4G1 175 kDa <0.00010

gamma 1

Poly [ADP-ribose] polymerase 1 PARP1_HUMAN PARP1 113 kDa 0.0005
Phosphoglycerate mutase 1 PGAM1_HUMAN PGAM1 29 kDa 0.052
Argininosuccinate synthase ASSY_HUMAN ASS1 47 kDa 0.0038
RNA-binding protein FUS FUS_HUMAN FUS 53 kDa <0.00010

Eukaryotic translation initiation factor 3 EIF3A_HUMAN EIF3A 167 kDa 0.0015
subunit A

Tryptophan--tRNA ligase, cytoplasmic SYWC_HUMAN WARS 53 kDa < 0.00010

Tyrosine--tRNA ligase, cytoplasmic SYYC_HUMAN YARS 59 kDa <0.00010

Transportin-1 TNPO1_HUMAN TNPO1 102 kDa <0.00010

Lysine--tRNA ligase SYK_HUMAN KARS 68 kDa 0.0006
Vasodilator-stimulated phosphoprotein VASP_HUMAN VASP 40 kDa < 0.00010

Heterogeneous nuclear HNRH1_HUMAN HNRNPH1 49 kDa 0.00089
ribonucleoprotein H

Macrophage-capping protein CAPG_HUMAN CAPG 38 kDa 0.024
Latent-transforming growth factor beta- LTBP1_HUMAN LTBP1 187 kDa 0.14
binding protein 1

Ras-related protein Rab-14 RAB14_HUMAN RAB14 24 kDa 0.13
Splicing factor 3A subunit 1 SF3A1_HUMAN SF3A1 89 kDa <0.00010

Calcyclin-binding protein CYBP_HUMAN CACYBP 26 kDa < 0.00010

Programmed cell death protein 4 PDCD4_HUMAN PDCD4 52 kDa <0.00010

Protein phosphatase 1G PPM1G_HUMAN PPM1G 59 kDa 0.0021
Heterogeneous nuclear ROA3_HUMAN HNRNPA3 40 kDa 0.0087
ribonucleoprotein A3

KH domain-containing, RNA-binding, KHDR1_HUMAN KHDRBS1 48 kDa 0.023
signal transduction-associated protein 1

Dynactin subunit 2 DCTN2_HUMAN DCTN2 44 kDa <0.00010

Epiplakin EPIPL_HUMAN EPPK1 556 kDa 0.0016
Heterogeneous nuclear HNRPM_HUMAN HNRNPM 78 kDa 0.00017
ribonucleoprotein M

Actin-related protein 2/3 complex ARPC5_HUMAN ARPC5 16 kDa 0.084
subunit 5

Heat shock protein 105 kDa HS105_HUMAN HSPH1 97 kDa 0.0031
Zyxin ZYX_HUMAN ZYX 61 kDa 0.00043
Carbonic anhydrase 2 CAH2_HUMAN CA2 29 kDa 0.0032
E3 ubiquitin-protein ligase HUWE1 HUWE1_HUMAN HUWE1 482 kDa 0.032
Actin-related protein 2/3 complex ARPC3_HUMAN ARPC3 21 kDa 0.059
subunit 3

Exportin-1 XPO1_HUMAN XPO1 123 kDa 0.092
Basic leucine zipper and W2 domain- BZW1_HUMAN BZW1 48 kDa 0.0065
containing protein 1

Histone-binding protein RBBP7 RBBP7_HUMAN RBBP7 48 kDa 0.00048
Septin-7 SEPT7_HUMAN Sep-07 | 51kDa 0.0066
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Hexokinase-1 HXK1_HUMAN HK1 102 kDa 0.025
40S ribosomal protein S4, X isoform RS4X_HUMAN RPS4X 30 kDa 0.2
Glutathione S-transferase Mu 3 GSTM3_HUMAN GSTM3 27 kDa 0.0038
Microtubule-associated protein RP/EB MARE1_HUMAN MAPRE1 30 kDa 0.00055
family member 1

Receptor expression-enhancing protein 5 REEP5_HUMAN REEPS 21 kDa 0.0009
Protein S100-A4 S10A4_HUMAN S100A4 12 kDa 0.00029
Splicing factor 1 SFO1_HUMAN SF1 68 kDa 0.00019
Drebrin-like protein DBNL_HUMAN DBNL 48 kDa 0.0008
Coatomer subunit beta COPB_HUMAN CcOoPB1 107 kDa 0.2
Sorting nexin-1 SNX1_HUMAN SNX1 59 kDa 0.00033
26S proteasome non-ATPase regulatory PSMD7_HUMAN PSMD7 37 kDa 0.13
subunit 7

Putative RNA-binding protein Luc7-like 2 LC7L2_HUMAN LUC7L2 47 kDa 0.0075
Dnal homolog subfamily B member 1 DNJB1_HUMAN DNAJB1 38 kDa 0.003
COP9 signalosome complex subunit 2 CSN2_HUMAN COPS2 52 kDa 0.025
NADP-dependent malic enzyme MAOX_HUMAN ME1 64 kDa 0.028
Src substrate cortactin SRC8_HUMAN CTTN 62 kDa 0.00054
Microtubule-actin cross-linking factor 1, MACF1_HUMAN MACF1 838 kDa 0.083
isoforms 1/2/3/5

Aconitate hydratase, mitochondrial ACON_HUMAN ACO2 85 kDa < 0.00010

Coronin-1C COR1C_HUMAN CORO1C 53 kDa 0.14
Creatine kinase U-type, mitochondrial KCRU_HUMAN CKMT1A 47 kDa 0.0045
60S ribosomal protein L5 RL5_HUMAN RPL5 34 kDa 0.19
Dynamin-1-like protein DNM1L_HUMAN DNM1L 82 kDa 0.25
Eukaryotic translation initiation factor IF5A1_HUMAN EIFSA 17 kDa 0.0011
5A-1

Proprotein convertase subtilisin/kexin PCSK9_HUMAN PCSK9 74 kDa 0.0072
type 9

Cullin-4B CUL4B_HUMAN cuL4B 104 kDa 0.0067
Fermitin family homolog 3 URP2_HUMAN FERMT3 76 kDa 0.00048
ATP-dependent RNA helicase DDX3X DDX3X_HUMAN DDX3X 73 kDa 0.049
Transcription elongation factor A protein TCEA1_HUMAN TCEA1 34 kDa 0.15
1

L-xylulose reductase DCXR_HUMAN DCXR 26 kDa 0.27
Puromycin-sensitive aminopeptidase PSA_HUMAN NPEPPS 103 kDa 0.00019
Ras-related protein Rab-5C RAB5C_HUMAN RAB5C 23 kDa 0.91
Protein lin-7 homolog C LIN7C_HUMAN LIN7C 22 kDa 0.0014
Ataxin-10 ATX10_HUMAN ATXN10 53 kDa 0.037
Glyoxylate reductase/hydroxypyruvate GRHPR_HUMAN GRHPR 36 kDa 0.046
reductase

Eukaryotic translation initiation factor 5B IF2P_HUMAN EIF5B 139 kDa 0.17
Microtubule-associated protein 4 MAP4_HUMAN MAP4 121 kDa 0.14
40S ribosomal protein S14 RS14_HUMAN RPS14 16 kDa 0.093
Small glutamine-rich tetratricopeptide SGTA_HUMAN SGTA 34 kDa 0.012

repeat-containing protein alpha

258




Serine/threonine-protein phosphatase 5 PPP5_HUMAN PPP5C 57 kDa 0.26
Testican-1 TICN1_HUMAN SPOCK1 49 kDa 0.00011
Prostaglandin F2 receptor negative FPRP_HUMAN PTGFRN 99 kDa 0.052
regulator

Importin-5 IPO5_HUMAN IPO5 124 kDa 0.016
Aspartate--tRNA ligase, cytoplasmic SYDC_HUMAN DARS 57 kDa 0.11
Renin receptor RENR_HUMAN ATP6AP2 39 kDa 0.041
40S ribosomal protein S10 RS10_HUMAN RPS10 19 kDa 0.0096
Alpha-internexin AINX_HUMAN INA 55 kDa 0.00029
Complement C1r subcomponent-like C1RL_HUMAN C1RL 53 kDa <0.00010

protein

Transcription elongation factor B ELOC_HUMAN TCEB1 12 kDa 0.031
polypeptide 1

Aminoacyl tRNA synthase complex- AIMP1_HUMAN AIMP1 34 kDa 0.00066
interacting multifunctional protein 1

Isocitrate dehydrogenase [NADP], IDHP_HUMAN IDH2 51kDa 0.15
mitochondrial

Epidermal growth factor receptor EP15R_HUMAN EPS15L1 94 kDa 0.032
substrate 15-like 1

Small nuclear ribonucleoprotein- RSMB_HUMAN SNRPB 25 kDa 0.22
associated proteins B and B'

Dystroglycan DAG1_HUMAN DAG1 97 kDa 0.038
Destrin DEST_HUMAN DSTN 19 kDa 0.24
Huntingtin-interacting protein 1-related HIP1IR_HUMAN HIP1R 119 kDa 0.0054
protein

Adenylate kinase isoenzyme 1 KAD1_HUMAN AK1 22 kDa < 0.00010

Arginine--tRNA ligase, cytoplasmic SYRC_HUMAN RARS 75 kDa 0.049
Eukaryotic translation initiation factor 4 IFAG2_HUMAN EIFAG2 102 kDa 0.094
gamma 2

Nucleobindin-1 NUCB1_HUMAN NUCB1 54 kDa 0.12
Programmed cell death protein 6 PDCD6_HUMAN PDCD6 22 kDa 0.0023
Polyadenylate-binding protein- PAIP1_HUMAN PAIP1 54 kDa 0.015
interacting protein 1

Secretogranin-2 SCG2_HUMAN SCG2 71 kDa 0.0028
Ubiquitin carboxyl-terminal hydrolase 5 UBP5_HUMAN USP5 96 kDa 0.069
Nuclear protein localization protein 4 NPL4_HUMAN NPLOC4 68 kDa 0.021
homolog

Signal recognition particle subunit SRP68 SRP68_HUMAN SRP68 71 kDa 0.16
Programmed cell death protein 10 PDC10_HUMAN PDCD10 25 kDa 0.0014
ADP-ribosylation factor 3 ARF3_HUMAN ARF3 21 kDa 0.2
Ribose-phosphate pyrophosphokinase 1 PRPS1_HUMAN PRPS1 35 kDa 0.33
Early endosome antigen 1 EEA1_HUMAN EEA1 162 kDa 0.17
Hepatoma-derived growth factor-related HDGR2_HUMAN HDGFRP2 74 kDa 0.06
protein 2

Ig kappa chain C region IGKC_HUMAN IGKC 12 kDa < 0.00010

40S ribosomal protein S8 RS8_HUMAN RPS8 24 kDa 0.041
Collagen alpha-3(VI) chain CO6A3_HUMAN COL6A3 344 kDa 0.057
Peptidyl-prolyl cis-trans isomerase FKBPS FKBP5_HUMAN FKBP5 51 kDa 0.12
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Eukaryotic translation initiation factor 4H IFAH_HUMAN EIF4H 27 kDa 0.032
Dual specificity mitogen-activated MP2K1_HUMAN MAP2K1 43 kDa 0.00093
protein kinase kinase 1

Angiotensinogen ANGT_HUMAN AGT 53 kDa 0.0069
Heterogeneous nuclear HNRL2_HUMAN HNRNPUL2 85 kDa 0.1
ribonucleoprotein U-like protein 2

Endophilin-B2 SHLB2_HUMAN SH3GLB2 44 kDa 0.003
Leucine zipper transcription factor-like LZTL1_HUMAN LZTFL1 35 kDa 0.00059
protein 1

Cystathionine beta-synthase CBS_HUMAN CBS 61 kDa 0.55
Ferritin light chain FRIL_HUMAN FTL 20 kDa 0.011
SUMO-activating enzyme subunit 2 SAE2_HUMAN UBA2 71 kDa 0.058
Protein phosphatase 1 regulatory subunit MYPT1_HUMAN PPP1R12A 115 kDa 0.24
12A

40S ribosomal protein S11 RS11_HUMAN RPS11 18 kDa 0.0096
Adenosine kinase ADK_HUMAN ADK 41 kDa < 0.00010

Cullin-3 CUL3_HUMAN cuL3 89 kDa 0.11
Myelin P2 protein MYP2_HUMAN PMP2 15 kDa < 0.00010

40S ribosomal protein S6 RS6_HUMAN RPS6 29 kDa 0.28
Squamous cell carcinoma antigen SART3_HUMAN SART3 110 kDa 0.0092
recognized by T-cells 3

Prefoldin subunit 5 PFD5_HUMAN PFDN5 17 kDa 0.017
Apolipoprotein A-l APOA1_HUMAN APOA1 31 kDa 0.12
Prefoldin subunit 3 PFD3_HUMAN VBP1 23 kDa 0.25
Dnal homolog subfamily A member 1 DNJA1_HUMAN DNAJA1 45 kDa 0.14
40S ribosomal protein S9 RS9_HUMAN RPS9 23 kDa 0.23
Ran GTPase-activating protein 1 RAGP1_HUMAN RANGAP1 64 kDa 0.0056
NSFL1 cofactor p47 NSF1C_HUMAN NSFL1C 41 kDa 0.0015
26S protease regulatory subunit 4 PRS4_HUMAN PSMC1 49 kDa 0.016
Cytoplasmic dynein 1 intermediate chain DC112_HUMAN DYNC1I2 71 kDa 0.048
2

Kininogen-1 KNG1_HUMAN KNG1 72 kDa <0.00010

60S ribosomal protein L3 RL3_HUMAN RPL3 46 kDa 0.13
Fibromodulin FMOD_HUMAN FMOD 43 kDa 0.0015
26S protease regulatory subunit 6A PRS6A_HUMAN PSMC3 49 kDa 0.01
Bifunctional ATP-dependent DHAK_HUMAN DAK 59 kDa 0.0034
dihydroxyacetone kinase/FAD-AMP lyase

(cyclizing)

Monocyte differentiation antigen CD14 CD14_HUMAN CD14 40 kDa 0.00061
U6 snRNA-associated Sm-like protein LSM6_HUMAN LSM6 9 kDa 0.088
LSm6

Transmembrane protein 132A T132A_HUMAN TMEM132A 110 kDa 0.2
Synaptic vesicle membrane protein VAT- VAT1L_HUMAN VATI1L 46 kDa < 0.00010

1 homolog-like

Probable aminopeptidase NPEPL1 PEPL1_HUMAN NPEPL1 56 kDa 0.17
Splicing factor U2AF 35 kDa subunit U2AF1_HUMAN U2AF1 28 kDa 0.092
60S ribosomal protein L7 RL7_HUMAN RPL7 29 kDa 0.21
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Angiopoietin-related protein 4 ANGL4_HUMAN ANGPTL4 45 kDa 0.0047
Transgelin TAGL_HUMAN TAGLN 23 kDa <0.00010

60S ribosomal protein L28 RL28_HUMAN RPL28 16 kDa 0.18
Gamma-glutamyl hydrolase GGH_HUMAN GGH 36 kDa 0.19
Vigilin VIGLN_HUMAN HDLBP 141 kDa 0.42
Disintegrin and metalloproteinase ADA10_HUMAN ADAM10 84 kDa 0.2
domain-containing protein 10

SUMO-activating enzyme subunit 1 SAE1_HUMAN SAE1 38 kDa 0.32
S-formylglutathione hydrolase ESTD_HUMAN ESD 31 kDa 0.25
Endophilin-B1 SHLB1_HUMAN SH3GLB1 41 kDa 0.11
26S proteasome non-ATPase regulatory PSDE_HUMAN PSMD14 35 kDa 0.13
subunit 14

60S ribosomal protein L10-like RL10L_HUMAN RPL10OL 25 kDa 0.44
Leucine--tRNA ligase, cytoplasmic SYLC_HUMAN LARS 134 kDa 0.0078
COP9 signalosome complex subunit 7b CSN7B_HUMAN COPS7B 30 kDa 0.0081
Importin subunit alpha-3 IMA3_HUMAN KPNA4 58 kDa 0.31
E3 SUMO-protein ligase RanBP2 RBP2_HUMAN RANBP2 358 kDa 0.47
Mitogen-activated protein kinase 1 MKO1_HUMAN MAPK1 41 kDa 0.0028
Fibrillin-2 FBN2_HUMAN FBN2 315 kDa 0.24
Phenylalanine--tRNA ligase beta subunit SYFB_HUMAN FARSB 66 kDa 0.073
EH domain-containing protein 1 EHD1_HUMAN EHD1 61 kDa 0.083
Growth arrest-specific protein 6 GAS6_HUMAN GAS6 80 kDa 0.041
Glutathione S-transferase omega-1 GSTO1_HUMAN GSTO1 28 kDa 0.24
Sorcin SORCN_HUMAN SRI 22 kDa 0.018
Calcium-dependent secretion activator 1 CAPS1_HUMAN CADPS 153 kDa 0.0081
Dynactin subunit 3 DCTN3_HUMAN DCTN3 21 kDa 0.1
COP9 signalosome complex subunit 6 CSN6_HUMAN COPS6 36 kDa 0.25
Adenylosuccinate lyase PUR8_HUMAN ADSL 55 kDa 0.72
Plasma kallikrein KLKB1_HUMAN KLKB1 71 kDa 0.16
26S proteasome non-ATPase regulatory PSD12_HUMAN PSMD12 53 kDa 0.26
subunit 12

Apolipoprotein B-100 APOB_HUMAN APOB 516 kDa 0.18
DAZ-associated protein 1 DAZP1_HUMAN DAZAP1 43 kDa 0.11
Putative 40S ribosomal protein S26-like 1 RS26L_HUMAN RPS26P11 13 kDa 0.24
UDP-glucose:glycoprotein UGGG1_HUMAN UGGT1 177 kDa 0.4
glucosyltransferase 1

Serine/threonine-protein phosphatase 2A5E_HUMAN PPP2R5E 55 kDa 0.0009
2A 56 kDa regulatory subunit epsilon

isoform

Alpha-1-acid glycoprotein 2 A1AG2_HUMAN ORM2 24 kDa 0.0017
Coiled-coil domain-containing protein 6 CCDC6_HUMAN CCDC6 53 kDa 0.34
Eukaryotic translation initiation factor 3 EIF3G_HUMAN EIF3G 36 kDa 0.3
subunit G

Nck-associated protein 1 NCKP1_HUMAN NCKAP1 129 kDa 0.065
Electron transfer flavoprotein subunit ETFB_HUMAN ETFB 28 kDa 0.1

beta
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Acetyl-CoA acetyltransferase, cytosolic THIC_HUMAN ACAT2 41 kDa 0.31
Fibrinogen gamma chain FIBG_HUMAN FGG 52 kDa 0.097
Immunoglobulin superfamily member 1 IGSF1_HUMAN IGSF1 149 kDa < 0.00010

Parathyroid hormone-related protein PTHR_HUMAN PTHLH 20 kDa <0.00010

60S ribosomal protein L17 RL17_HUMAN RPL17 21 kDa 0.17
Aflatoxin B1 aldehyde reductase member ARK73_HUMAN AKR7A3 37 kDa 0.0031
3

Isoleucine--tRNA ligase, cytoplasmic SYIC_HUMAN IARS 145 kDa 0.056
Peptidyl-prolyl cis-trans isomerase H PPIH_HUMAN PPIH 19 kDa 0.46
Q4ADV7-DECOY Q4ADV7-DECOY ? 0.033
UMP-CMP kinase KCY_HUMAN CMPK1 22 kDa 0.16
Annexin A7 ANXA7_HUMAN ANXA7 53 kDa 0.019
Biglycan PGS1_HUMAN BGN 42 kDa 0.052
Fetuin-B FETUB_HUMAN FETUB 42 kDa 0.078
Protein phosphatase methylesterase 1 PPME1_HUMAN PPME1 42 kDa 0.24
Eukaryotic translation initiation factor IF1IAX_HUMAN (+1) EIF1AX 16 kDa 0.36
1A, X-chromosomal

Apolipoprotein C-Il APOC2_HUMAN APOC2 11 kDa 0.038
Arfaptin-1 ARFP1_HUMAN ARFIP1 42 kDa 0.0034
Histidine triad nucleotide-binding protein HINT1_HUMAN HINT1 14 kDa 0.42
1

60S ribosomal protein L36 RL36_HUMAN RPL36 12 kDa 0.45
Syntaxin-binding protein 1 STXB1_HUMAN STXBP1 68 kDa < 0.00010

Ubiquitin carboxyl-terminal hydrolase UCHL5_HUMAN UCHL5 38 kDa 0.59
isozyme L5

Vesicle-fusing ATPase NSF_HUMAN NSF 83 kDa 0.33
Alpha-1-antichymotrypsin AACT_HUMAN SERPINA3 48 kDa <0.00010

60S ribosomal protein L18a RL18A_HUMAN RPL18A 21 kDa 0.12
Polypeptide N- GALT2_HUMAN GALNT2 65 kDa 0.067
acetylgalactosaminyltransferase 2

Nuclear transport factor 2 NTF2_HUMAN NUTF2 14 kDa 0.035
Coatomer subunit beta' COPB2_HUMAN COPB2 102 kDa 0.36
BRISC complex subunit Abrol F175B_HUMAN FAM175B 47 kDa 0.36
AP-3 complex subunit beta-1 AP3B1_HUMAN AP3B1 121 kDa 0.31
Vasorin VASN_HUMAN VASN 72 kDa 0.59
Caldesmon CALD1_HUMAN CALD1 93 kDa 0.32
ATP-binding cassette sub-family E ABCE1_HUMAN ABCE1 67 kDa 0.42
member 1

N(G),N(G)-dimethylarginine DDAH2_HUMAN DDAH2 30 kDa 0.0023
dimethylaminohydrolase 2

Oxysterol-binding protein 1 0OSBP1_HUMAN OSBP 89 kDa 0.26
Neuroendocrine convertase 2 NEC2_HUMAN PCSK2 71 kDa 0.058
Tyrosine-protein kinase receptor UFO UFO_HUMAN AXL 98 kDa 0.24
Collagen alpha-1(XIV) chain COEA1_HUMAN COL14A1 194 kDa 0.0042
3'(2"),5'-bisphosphate nucleotidase 1 BPNT1_HUMAN BPNT1 33 kDa 0.016
S-phase kinase-associated protein 1 SKP1_HUMAN SKP1 19 kDa 0.027

262




Alpha-1-antitrypsin A1AT_HUMAN SERPINA1 47 kDa 0.099
Cullin-4A CUL4A_HUMAN CUL4A 88 kDa 0.69
Isocitrate dehydrogenase [NAD] subunit IDH3A_HUMAN IDH3A 40 kDa 0.08
alpha, mitochondrial

Tyrosine-protein kinase CSK CSK_HUMAN CSK 51 kDa 0.16
40S ribosomal protein S27 RS27_HUMAN RPS27 9 kDa 0.1
Connective tissue growth factor CTGF_HUMAN CTGF 38 kDa <0.00010

Transportin-3 TNPO3_HUMAN TNPO3 104 kDa 0.69
Succinyl-CoA:3-ketoacid coenzyme A SCOT1_HUMAN OXCT1 56 kDa 0.0042
transferase 1, mitochondrial

Charged multivesicular body protein 2b CHM2B_HUMAN CHMP2B 24 kDa 0.15
40S ribosomal protein S17-like RS17L_HUMAN (+1) RPS17L 16 kDa 0.28
Protein TFG TFG_HUMAN TFG 43 kDa 0.0044
Alpha-taxilin TXLNA_HUMAN TXLNA 62 kDa 0.23
Transcription elongation factor B ELOB_HUMAN TCEB2 13 kDa 0.0077
polypeptide 2

Dihydrolipoyl dehydrogenase, DLDH_HUMAN DLD 54 kDa 0.48
mitochondrial

Insulin-like growth factor 2 mRNA- IF2B2_HUMAN IGF2BP2 66 kDa 0.35
binding protein 2

Arginine and glutamate-rich protein 1 ARGL1_HUMAN ARGLU1 33 kDa 0.44
Glutamine synthetase GLNA_HUMAN GLUL 42 kDa <0.00010

Testis-specific serine kinase substrate TSKS_HUMAN TSKS 65 kDa 0.38
Casein kinase Il subunit beta CSK2B_HUMAN CSNK2B 25 kDa 0.0016
Secernin-1 SCRN1_HUMAN SCRN1 46 kDa 0.00029
Thrombospondin type-1 domain- THS7A_HUMAN THSD7A 185 kDa 0.42
containing protein 7A

Extracellular sulfatase Sulf-2 SULF2_HUMAN SULF2 100 kDa 0.33
Attractin ATRN_HUMAN ATRN 159 kDa 0.51
Stanniocalcin-1 STC1_HUMAN STC1 28 kDa 0.18
Alpha-crystallin B chain CRYAB_HUMAN CRYAB 20 kDa 0.13
Alpha-1-acid glycoprotein 1 A1AG1_HUMAN ORM1 24 kDa < 0.00010

Phosphoribosyl pyrophosphate synthase- KPRA_HUMAN PRPSAP1 39 kDa 0.17
associated protein 1

Serpin H1 SERPH_HUMAN SERPINH1 46 kDa 0.12
Ras-related protein Rab-7a RAB7A_HUMAN RAB7A 23 kDa 0.51
Coatomer subunit epsilon COPE_HUMAN COPE 34 kDa 0.26
NEDD8-conjugating enzyme Ubc12 UBC12_HUMAN UBE2M 21 kDa 0.44
LIM domain and actin-binding protein 1 LIMA1_HUMAN LIMAL 85 kDa 0.44
Aldehyde dehydrogenase family 1 AL1A3_HUMAN ALDH1A3 56 kDa <0.00010

member A3

Prolyl 4-hydroxylase subunit alpha-1 P4HA1_HUMAN P4HA1 61 kDa 0.061
Mesencephalic astrocyte-derived MANF_HUMAN MANF 21 kDa 0.16
neurotrophic factor

45 kDa calcium-binding protein CAB45_HUMAN SDF4 42 kDa 0.11
Ig alpha-1 chain C region IGHA1_HUMAN IGHA1 38 kDa 0.00099
Protein transport protein Sec16A SC16A_HUMAN SEC16A 234 kDa 0.56
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Protein bicaudal D homolog 2 BICD2_HUMAN BICD2 94 kDa 0.00099
60S acidic ribosomal protein P1 RLA1_HUMAN RPLP1 12 kDa 0.012
Phosphatidylinositol-glycan-specific PHLD_HUMAN GPLD1 92 kDa 0.054
phospholipase D

Clathrin coat assembly protein AP180 AP180_HUMAN SNAP91 93 kDa 0.44
Dihydropyrimidinase-related protein 1 DPYL1_HUMAN CRMP1 62 kDa 0.093
AP-1 complex subunit mu-2 AP1M2_HUMAN AP1IM2 48 kDa 0.12
Fermitin family homolog 2 FERM2_HUMAN FERMT2 78 kDa 0.0071
Translin TSN_HUMAN TSN 26 kDa 0.19
V-type proton ATPase subunit E 1 VATE1_HUMAN ATP6V1E1 26 kDa 0.00099
60S ribosomal protein L18 RL18_HUMAN RPL18 22 kDa 0.33
Low-density lipoprotein receptor LDLR_HUMAN LDLR 95 kDa 0.17
Fibrinogen alpha chain FIBA_HUMAN FGA 95 kDa 0.56
Protein Hook homolog 1 HOOK1_HUMAN HOOK1 85 kDa 0.79
Methylcytosine dioxygenase TET3 TET3_HUMAN TET3 179 kDa 0.45
Q5VZ66-DECOY Q5VZ66-DECOY ? 0.17
Dynein light chain 2, cytoplasmic DYL2_HUMAN DYNLL2 10 kDa 0.44
Carboxypeptidase N subunit 2 CPN2_HUMAN CPN2 61 kDa 0.44
UDP-glucose 4-epimerase GALE_HUMAN GALE 38 kDa 0.078
Protein Hook homolog 3 HOOK3_HUMAN HOOK3 83 kDa 0.44
REST corepressor 1 RCOR1_HUMAN RCOR1 53 kDa 0.58
Dihydrolipoyllysine-residue 0ODP2_HUMAN DLAT 69 kDa 0.44
acetyltransferase component of pyruvate

dehydrogenase complex, mitochondrial

Cytoskeleton-associated protein 4 CKAP4_HUMAN CKAP4 66 kDa 0.44
Protocadherin Fat 1 FAT1_HUMAN FAT1 506 kDa 0.44
Tsukushin TSK_HUMAN TSKU 38 kDa 0.58
Growth-regulated alpha protein GROA_HUMAN CcXCL1 11 kDa 0.12
ADP-ribosylation factor-like protein 3 ARL3_HUMAN ARL3 20 kDa 0.56
3-ketoacyl-CoA thiolase, mitochondrial THIM_HUMAN ACAA2 42 kDa 0.54
Glutathione peroxidase 3 GPX3_HUMAN GPX3 26 kDa 0.44
Dehydrogenase/reductase SDR family DHR11_HUMAN DHRS11 28 kDa 0.44
member 11

Probable E3 ubiquitin-protein ligase HECD4_HUMAN HECTD4 439 kDa 0.064
HECTD4

Protein CYR61 CYR61_HUMAN CYR61 42 kDa 0.064
Serine/threonine-protein phosphatase 1 PP1RA_HUMAN PPP1R10 99 kDa 0.59
regulatory subunit 10

Alpha-2-macroglobulin-like protein 1 A2ML1_HUMAN A2ML1 161 kDa 0.44
Ornithine aminotransferase, OAT_HUMAN OAT 49 kDa 0.18
mitochondrial

6-phosphogluconolactonase 6PGL_HUMAN PGLS 28 kDa 0.44
Succinate-semialdehyde dehydrogenase, SSDH_HUMAN ALDH5A1 57 kDa 0.44
mitochondrial

Vasopressin-neurophysin 2-copeptin NEU2_HUMAN AVP 17 kDa 0.44
Tubulin--tyrosine ligase-like protein 12 TTL12_HUMAN TTLL12 74 kDa 0.44
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Matrix metalloproteinase-9 MMP9_HUMAN MMP9 78 kDa 0.44
60S ribosomal protein L23 RL23_HUMAN RPL23 15 kDa 0.44
V-type proton ATPase subunitd 1 VAOD1_HUMAN ATP6VOD1 40 kDa 0.44
Ig gamma-4 chain C region IGHG4_HUMAN IGHG4 36 kDa 0.061
Chromogranin-A CMGA_HUMAN CHGA 51 kDa 0.44
Myosin light chain kinase, smooth MYLK_HUMAN MYLK 211 kDa 0.44

muscle
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Study of Cellular and Exosomal Proteomics in Cancer Cells
MD Faruk A Saurav

Supervisors: Dr. Azizur Rahman ; Dr Lauren Pecorino

University of Greenwich

[ntroduction

Cancer s the leading cause of death worldwide according to WHO (1). In rcent years severel
studies suggested that exosomes sigel or influence the major cancerreated pathways such es
angiogenesis and metastasts, Futher evidences also revealed that exosomal proteins can
aoockrate the fbroblast growth which makes a major bamier for effectve drug delivery m
cancer treatment (2) Exosomes are round-cup shaped vesicles, 30-150nm n size reeased by
almost llcancer and normal cels and containa vast rnge of muckeic acids, mRNA, pids, and a
wide aray of protetns (3 ). In thi study,both cellar and exosomal proteomic profiles wil be
compared by 1D and 2D gel lectrophorsis and diffeentil proten spats will be identified
using MS from three cancer cells : H358 ( Bronchi alveolar Carcinoma); THP! (acute
monocytic eukemia) and MCF? ( Breast Cancer)and counterprt normel el

Methods

+ Cellcuture; Both H358 and THP! i cultured in RPMT-1640 and MCFT was cutured in
DEMEM using 10% DFBS and 1% antbiotc (Peniillin-Streptomyein). AL three cell were
maintaned in  humidified atmosphere, 95% ar .0% CO, at 37°C.

* Protein Extraction and concentration determination: When the ccl reached 80%0%
confluency, medum was removed and Kept separtey for exosome solaton and the cell
et typsinzed and washed with PBS twice and subjeted to RIPA buffr profen extacton.
Protein concentraton was determined by Bradford assay.

 Isolation and characterization of exosomes: Exosoms were iolated by using Invirogen
total exosomes isoation kit from cell cultre medium. Punfied exosomes were analysed by
SEMTEM, and Dynamic igh scatteing method. Exosomes were quantified by using system
bioscence ExoElsa Kitfollowing the mamufacturer rofocal.

+ Gel Electrophoresis: Both 1D and 2D gel electrophoreses were performed using celular and

exosomal rotein semples.

Results

+ In figur 1, exosomes were analysed by bath TEM and SEM which showed lerge mumbers o
menbrane bound cup-shaped vesices within the mentioned sze .

FigureI: Eletron microscopic images of exosomes isolated fom he thre el ines

o On 1D PAGE around 20 proten bands were detected on the el ysates, compared to exosome

samples proten bands were Jess. Apart fom some common bands there were some- protetn
bands of the celllar semples were absent o present n very low level while the intensty of

some bands are much clearern the exosome sample.

WO P v e

Figure 3: 2D Gel Analyss of Cellular Protein and Exosomal Profein
o The spot patems in figue 3 of exosomes of al thre cells were less complex compared to the
cellar profetn spots and the diferent protein spots were marked red in exosome sample.
o The mumber of exosomes increases with increase of ocll number and in case of MCFT e
number of exosomes keeps ncreasng when the cell i n declne phase.
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Figure4: Cllular Growth Curve VS Number ofExosomes PerDay
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[ o The size disrbution is shown n figue five, where the average size i around 200nm |

which s due tothe agaregation of particles together which i also seen i the TEM/SEM

mages.
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Figure §: ize Distibution of Exosome by DLS

Conclusion

This sudy report the isolation and characerzaton of exosomes from three cancer cel lnes,
1358, THP1, and MCF7. The different proten spots in 2D) gel will be analysed by 2D el
analysi software and will b identfed by mass spectrometry. The result of this study may be
mportant because of the biologicl signficance of the oneo-proten reeased fom exosomes
which can easy enterthe blood crculaion and may afectthe non-maiguant cels.
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Comparative proteomic analysis of exosomes derived from leukemia, breast and lung cancer cell lines. ‘)

MD Faruk A Saurav; Dr. Lauren Pecorino; Dr Azizur Rahman

Aims

+ Identification and characterisation of exosomes
from Lung cancer cell line H358, Leukemia cell
line THP1 and Breast cancer cell line MCF7.

* Dynamics of exosome secretion in different
cellular growth phases.

+ Comparative proteomic analysis of exosomes
derived from the mentioned cell lines.

Introduction

» Exosomes are a distinct type of extracellular
vesicles enclosed by a lipid bilayer, released by
almost all cells including normal and cancer cells
which have a round-cup shaped morphology with
a size range of 30-150nm’.

* They are enriched in proteins, lipids, nucleic acid
and RNAs”.

+ Exosomes are formed by the inward budding of
the late endosomes with the plasma membrane
and represents a fraction of the cellular proteome.

* They play vital role in tumorigenesis, apoptosis,
and chemotherapeutic resistance.

* Exosomes are useful tool for biomarkers in
cancer therapeutics and also in drug delivery®.

Metho

> Identification and characterisation:

* Exosomes were isolated by using Invitrogen total
exosomes isolation kit (Fisher Scientific) from
cell culture supernatant and analysed by scanning
electron microscopy (SEM) and Dynamic light
scattering (DLS) method and they are confirmed
by western blot analysis using CD63 antibody.

> Protein extraction and 1D gel analysis:

* Proteins were extracted from exosomes by RIPA
buffer and subjected to 1D gel analysis.

> Quantification of exosomes:

* Exosomes were counted using ExoElisa Kit from
System Bioscience with exosomal antibody
CD63, CD9, CD8!1 and Hsp70 following the
manufacturer protocol.

> Proteomic analysis:

* Proteomic analysis was performed by LC-MS

Results

* In figure 1, exosomes were analysed by SEM
which showed large numbers of membrane bound
cup-shaped vesicles within the mentioned size
limit and western blot analysis with CD63
antibody confirms the presence of exosomes
(Figure 2)

* The size distribution showed the exosomes were
between 35-155nm with in three exosomes, the
highest being H358 (Avg 117nm) and lowest was
MCF7 (75nm). The average exosome size of
THP1 was found 93nm
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* The number of exosomes increase proportionally while the cells are in log
phase (Figure 3).

* Exosome number increased sharply after the cellular stationary phase (Figure
3).

o
£ P
i g
i H
1 1
- s - ~&THPE
HE TE ME kDa
HSP70 o — — 70
C€D63 — — — 53 " -1
coo — — — g
cD81 — e — 26 -y

Figure 2: 1D gel analysis and western
blot analysis using CD63, CD81, CD9
and Hsp70 antibody

* The dark band around 60Kda to 70Kda was identified as BSA by LC-MS (Figure 4)

* The bands in the red circles which appeared in stress conditioned has yet to be identified (Figure 4).

Figure 3: Number of exosomes in different cellular growth phases.
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Figure 4: 1D gel analysis of exosomal proteins  Figure 5: Number of shared and individual

collected from different growth phases. proteins identified from exosomes

* Proteomic analysis resulted a total of 919 proteins were identified by LC-MS analysis with minimum 2 peptide match
and less than 1.0 FDR for both proteins and peptide (Figure 5)

* 238 number of proteins were shared by all three exosomes which includes some tumour proteins along with some
exosomal marker proteins (Figure 5).

« A total of 751 proteins were identified from THPI

) e cell line, 337 from H358 and 534 from MCF7
e s 2] (Figure 5).
el i il « Comparative proteomics was done which resulted:
Regrdiche s 7] " .
s ~ Some house keeping common proteins e.g.

keratin, actin.

~ Exosomal Marker Proteins: CD63, CD9, CD82,
Hsp, Annexin Al, AS etc

~ Cellular Signalling Proteins: Sideroflexin 1,
Spectrin

~ Tumour Associated Proteins: Fibronectin,
Tumour associated calcium transducer and Tumour
protein D54.
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Figure 6: Biological function determined by GO terms.

Discussion
* Exosomes were successfully isolated from the three cancer cells, identified and characterised.
* The size distribution of exosomes were within the limit of published papers.
* The presence of CD63 confirms the presence of exosomes in all three cells.
* The number of exosomes were found similar in previous published work for both normal and stressed condition*

* Number of exosomes increased at stationary phase or stress condition (possible hypoxia) compared to log phase of
cellular growth®.
The number of proteins identified from three different exosomes resembles previously published results.
89 proteins were found to be involved in cellular adhesion which assists in tumour metastasis.
Some individual tumour marker proteins were also identified such as Beta-2-microglobulin, for non-small cell lung
cancer, Immunoglobulins related to leukemia and plasminogen activator inhibitor 1 for breast cancer.
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