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ABSTRACT 

Ovarian carcinoma is the most lethal neoplasm and the fifth leading cause of death in women due 

to gynecological malignancies. It is estimated that there are 225,000 new cases diagnosed and 

140,000 deaths occurring annually worldwide. Among the different subtypes, widely 

heterogeneous high-grade serous ovarian cancer (HGSOC) poses a great challenge to modern 

chemotherapy due to its high recurrence rate and resistance to standard treatments. Both of those 

causes are linked to the presence of a small subpopulation of cancer stem cells (CSCs) in the tumor 

microenvironment.  Recent studies suggest that survival timeline and disease recurrence are linked 

to the variable expression of both cancer CSC and other gene biomarkers in cancer cells. Therefore, 

using Western blot and immunohistochemistry analyses, we assessed the expression of a host of 

CSC and other gene products at the whole-cell level in total protein extracts and sub-cellular levels 

in PFA-fixed cells from three HGSOC and five non-HGSOC cell lines.  We found that no CSC-

markers were expressed in monolayer two-dimensional cultures that could differentiate HGSOCs 

from non-HGSOCs.  In fact, no CSC-biomarker proteins were detected in any of the subtypes of 

the cancer-cell lines in our studies. Upon assessing other gene biomarkers at the proteomic level, 

we observed prominent differential expression patterns among the HGSOC and non-HGSOC 

subtypes and even within a subtype but no definite pattern to distinguish HGSOCs from non-

HGSOCs. In conclusion, determining a differential protein expression profile in subtypes of 

ovarian cancer requires much further attention in order to provide earlier detection methods and 

personalized treatment options for patients. 
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Chapter 1 

INTRODUCTION 

1.1 Epidemiology  

       Ovarian cancer (OC) is the fifth leading cause of cancer death for women in 

developed countries and the 7th most commonly diagnosed cancer among females 

worldwide [1]. The estimated incidence is 239,000 new cases and 152,000 deaths 

worldwide annually [2] plus a projection of 21,290 new cancer cases and 14,180 

related cancer deaths in the USA for 2015 [3]. The chances of developing OC in a 

female’s life time is 1 in 75 and her risk of dying due to cancer is 1 in 100 [4]. The 

major type of OC is epithelial ovarian cancer (EOC). Due to non-specific symptoms 

and unreliable screening tests, the majority of patients are diagnosed late with stage 

III and IV tumors so that the 5-year survival rate decreases significantly. Women 

with OC confined to one ovary have a 5-year survival rate of 92% whereas OC in 

advanced stages and disseminated to other organs has a 5-year survival rate of 30% 

[5]. Lack of effective early detection tests and poor understanding of disease etiology 

are the two major factors that contribute significantly to the disease’s high fatality 

rate [6]. Besides the established diagnostic tests like transvaginal ultrasound (TVS) 

and detection of serum cancer antigen (CA-125) in patients, development of more 

effective prognostic biomarkers and new therapeutic approaches should significantly 

improve prognosis of the disease and promote recovery in early stages [5] [7]. 

1.1.1 Descriptive Epidemiology 

      The incidence of OC varies widely [8]. It is highest in developed countries 

including Eastern Europe and North America (>8 person in 100,000), intermediate in 



2 

 

South America (5.8 per 100,000), and lowest in Africa and Asia (</= 3 per 100,000) 

(Fig.1). However, the fact that migration from low-risk areas to high-risk areas 

increases the incidence rates emphasizes the non-genetic aspect of OC [9, 10]. In the 

USA, incidence and mortality rates differ among various races and ethnic groups and 

are highest in whites, intermediate in Hispanics, and lowest among blacks and Asians 

[4]. Since 1990, various reports show reduced incidence and mortality rates from OC 

in North America, EU, Japan, and Latin American countries including Argentina and 

Chile and a further 15% decline in mortality rates in USA and 10% in EU is projected 

by 2020. Improved life style and new therapeutic approaches likely account for those 

reductions [11, 12].  

 

                     Figure 1.1: Ovarian Cancer incidence exhibits wide variation. 

1.1.2 Genetic Epidemiology  

        Women with a positive family history of OC are particularly at risk [13, 14]. For instance, 

about 7% of OC patients had a family history of the cancer, especially with two or more 

affected first degree relatives; of whom 3-9% had hereditary cancer syndromes later in their 
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lives [5, 6] [7]. Most Hereditary Breast and Ovarian Cancer syndrome (HBOC) families 

presenting with larger percentages of germline mutations in BRCA1 and BRCA2 are at high risk 

for ovarian cancer (1 in every 10 women) and 14% of epithelial ovarian cancer cases exhibit 

BRCA1 and BRCA2 mutations [15]. The cumulative lifetime risks for OC (mostly high grade 

serous-type by the age of 70) due to BRCA1 and BRCA2 mutations are 40% and 11% 

respectively [12, 16] [5, 6]. Hereditary ovarian cancer or familial ovarian cancer presents a 

higher relative risk (RR) of occurance in the first affected family member’s mother (7%) than 

her sister (2.5%) [17, 18]. One study of germline mutations in the mismatch repair genes MLH1, 

MSH2, and MSH6 in Lynch syndrome demonstrated that mutations in MLH1 and MSH2 confer 

a higher risk for OC after 40 yrs [19].  Carriers of Herediatry Non-Polyposis Colorectal Cancer 

(HNPCC), also known as Lynch syndrome have a high life time risk (19-9%) of ovarian cancer 

[20]. OC associated with Lynch syndrome due to MMR gene repair variants also demonstrates 

early onset and stage-I non-serous tumors (mainly clear-cell and endometrioid) [21]. A study on 

mutations in three DNA double-strand break repair genes (RAD51B, C, D) indicated that 

RAD51C and RAD51D variants moderately increase ovarian cancer susceptibility [11]. Rare 

truncated variants of BRIP1 among other ovarian cancer susceptibility genes 

(BARD1, NBN, and PALB2) involved in the BRCA1/2 DNA repair pathways are considered 

moderately predictive attributes for European ovarian cancer patients [22]. DNA methylation 

pattern variations in HNF1B are linked to various histotypes of cancer; e.g. un-methylated 

HNF1B promoter present in clear cell carcinoma and higher promoter methylation in serous-

type tumors [23]. Another study showed that genes like RSK4, SPARC, PROM1, HOXA10, 

HOXA9, WT1-AS, SFRP2, SFRP5, OPCML, and MIR34B exhibit a high frequency of 

hypermethylation in non-serous tumors of Lynch syndrome and sporadic-origin cases compared 
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to a low frequency of hypermethylation in serous-types [24]. Genome-wide association studies 

(GWAS) revealed 22 other susceptible alleles with moderate to weak risk associations for 

invasive ovarian cancers, most of which are associated with serous-type cancers (Table.1) [1]. 

Table 1.1: Common alleles associated with ovarian cancer susceptibility[25]. 

 

1.2 Symptoms 

      Ovarian cancer is the second most common gynecological cancer after breast cancer 

but is the deadliest one because, in 70% of the cases, it is diagnosed at an advanced stage 
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when the 5-year survival rates are only 20%-30%. However, if the disease is diagnosed 

early when the cancer is confined to the ovary, the rate of remission ranges between 70%-

90% [1]. Historically, ovarian cancer was named a “silent killer” because it often presents 

with non-specific symptoms, especially in initial stages of the disease. A study involving 

1500 women with a median age of 52 yrs and 70% with stage III or IV disease reported 

that 95% of the cases had symptoms before diagnosis of advanced-stage ovarian cancer 

and those symptoms were classified as abdominal (77%), gastrointestinal (70%), pain 

(58%), constitutional (50%), urinary (34%), and pelvic (26%). Only 3% of patients with 

stage III/IV cancer reported no symptoms before diagnosis [26]. The presence of specific 

symptoms like pelvic/abdominal pain, urinary urgency/frequency, increased abdominal 

size/bloating, and difficulty eating/feeling full for less than 1 year duration and more than 

12 days per month is used to detect patients at a high risk for ovarian cancer [1]. A UK-

based multivariate analysis study conducted on 124 British women with ovarian cancer 

indicated that each of the variables like persistent abdominal distension, postmenopausal 

bleeding, appetite loss, early satiety, and progressive symptoms are independent and 

statistically significant parameters linked to ovarian cancer and they can provide an early 

and more accurate diagnosis of the disease [27]. 

1.3 Types: 

1.3.1 Three Models of the Cancer’s Origin 

       Due to a poor understanding of the origin and pathogenesis of the disease, treatment 

options are limited [7]. Ovarian cancer is now regarded as a collection of distinct diseases 

that vary in molecular mechanisms and disease etiology but share a common anatomical 

site [15, 28]. In general, ovarian tumors can originate from one of the three cell types in 
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the ovary: surface-epithelial cells, sex cord-stromal cells (including granulosa, theca, and 

hilus cells), or germ cells (oocytes); and while the non-epithelial origin of the ovarian 

tumor accounts for about 40% of all tumors, they rarely (only 10% of them) progress to 

carcinoma [13]. Each of these categories may have several histological subtypes and 

molecular subgroups and they often co-exist in a single tumor [13]. The models proposed 

so far to explain the origin and evolution of ovarian tumors are: 

(1) Ovarian surface epithelium (OSE) and OSE-lined cortical inclusion cysts 

(CIC)-derived tumors: In a woman’s reproductive life, each ovulation cycle 

involves physical trauma, inflammatory responses, and oxidative damage that 

induces permanent DNA-damage in OSE. Later, the influence of growth-

promoting hormones on OSE of CIC with defective DNA can promote 

neoplastic transformation [28, 29]. 

(2) Two pathway model: Depending on the pathways of tumorigenesis, epithelial 

surface tumors are broadly divided into two categories: 1. Type I or low-

grade neoplasms that originate in a stepwise manner from an atypical 

proliferative tumor through a noninvasive stage of invasive Micro-Papillary 

Serous Carcinoma or MPSC (both of these tumors qualify as borderline) 

before becoming invasive. These tumors are associated with frequent KRAS 

or BRAF mutations; 2. Type II or high-grade neoplasms that develop from 

the ovarian surface epithelium or inclusion cysts without morphologically 

variable intermediate stages. KRAS and BRAF mutations are rarely found in 

them [30]. 
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Figure 1.2. Schematic representation of the dualistic model depicting the 
development of ovarian serous carcinomas [30]. 
 
 (3)  Fallopian tube epithelium (FTE) as a site of origin: Several 

observations on dysplasia of FTE in BRCA+ women with cancer [31-34] 

suggest that the fimbrial end of the Fallopian tube close to the ovary may 

also experience an inflammatory and possibly carcinogenic 

microenvironment so that a few Fallopian tube epithelial (FTE) cells are 

transformed into proliferative cells that slough off to form an ovarian or 

extra-ovarian peritoneal tumor [28]. Based on this assumption, Lee et al 

proposed the presence of two distinct pathways of ovarian tumorigenesis 

with one being the traditional OSE-CIC route to form type I tumors 

including mucinous, endometrioid, serous boarder-line tumors showing 

Mullerian metaplasia and another being the fimbrial route where p53 

mutation and genotoxicity leads to Tubal Intraepithelial Carcinoma (TIC) of 

fimbriae followed by formation of Type II or high-grade tumors [35]. 
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Figure 1.3. Illustration of the stepwise progression of normal Fallopian tube epithelium to 

invasive serous carcinoma [14, 28].  

The Fallopian tube epithelium (FTE) is composed of a single layer of ciliated and 

secretory cells that are exposed to ovulation-associated inflammatory cytokines and 

reactive oxygen species (ROS). Repetitive genotoxic stress causes DNA damage and 

induces p53 mutations that lead to the clonal expansion of normal looking FTE cells of a 

secretory phenotype. This stretch of damaged cells, termed a “p53 signature”, stains 

strongly for p53 and γ-H2AX. Further genetic “hits” enable cells to acquire a 

proliferative capacity that gives rise to tubal intraepithelial carcinoma (TIC). As a TIC 

progresses to invasive serous carcinoma, malignant cells are exfoliated from the fimbria 

and then may spread rapidly to the surface of the peritoneum and/or ovary. Exfoliation 

may also occur from TICs prior to fimbrial invasion[28]. 
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 1.3.2 Epithelium-derived ovarian neoplasms or Epithelial Ovarian Carcinoma (EOC)  

EOCs are the most predominant and lethal type and exhibit a heterogeneous array of 

tumor morphologies, genetic mutations, and clinical pathologies. All the cell-lines used in 

the present study are of epithelial-origin so the following sections focus on EOC.  

According to recent clinical guidelines from the World Health Organization (WHO), the 

eight histological subtypes of epithelial ovarian cancer (EOC) are: 1. Serous, 2. 

Endometrioid, 3. Mucinous, 4. Clear cell, 5. Transitional cell, 6. Squamous cell, 7. Mixed 

epithelial, and 8. Undifferentiated. The three most common ones are serous, endometrioid, 

and mucinous and they bear a morphological resemblance to the Fallopian tube, 

endometrial glands, and endo-cervical epithelial tissue, respectively [36].  

1.3.2.1 Other Classifications Systems for Ovarian Carcinoma Types  

       Ovarian carcinoma can also be broadly classified under two major categories based 

on recent molecular, histopathological, and genetic studies [11]: 

Type I carcinoma: It is a generally slow growing, indolent type formed from a clearly 

defined precursor lesion in the ovary that progresses from cystadenoma or an adeno-

fibroma type of benign tumor to an invasive tumor. They often are restricted to the ovary 

and present with a stable genome and without TP53 mutations but frequently exhibit 

somatic mutations in many genes [37]. Each morphological subtype may have distinct 

mutations that affect specific cell-signal mechanisms. They include low-grade serous 

carcinoma, mucinous, clear cell, and endometrioid carcinoma (see below). 
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Type II Carcinoma: It is more aggressive, found in late stages of metastasis, genetically 

unstable with TP53 mutations, and 50% of the cases exhibit dysfunctional or hyper-

methylated BRCA1/2 genes [38-40]. Its origin may be the fimbrial epithelium of the 

Fallopian tube or the ovary surface epithelium [41, 42]. 

Table 1.2: Summary of the features for type I and type II tumors[43, 44]. 

 

Ovarian Carcinoma Subtypes: 

A. Low-Grade Serous Ovarian Carcinoma (LGSOC): They are very rare, genetically 

stable, and show few genetic mutations. The precursor of this type of tumor is benign 

serous cystadenoma that grows in a step-wise fashion into serous border-line tumors 

(SBTs) and finally to low-grade serous carcinoma. They do commonly exhibit 

Table 1.2: Summary of Clinicopathological Features of the Prototypic Type I and Type II Low-Grade and   
Carcinoma, Respectively 

 

 

Frequency 

 

Histologic 
features 

 

Precursor 
lesions 

 

Clinical 
behavior1 

 

Response to  

chemotherapy  

Low grade 

 

 

 

 

High grade 

~25% of 
serous 
carcinoma* 

 

 

Micropapillary 
architecture, low-
grade nuclei; low 
mitotic index 

 

Serous 
cystadenoma, 
serous atypical 
proliferative(b
order-line) 
tumor 

Indolent; slow 
progression 5-
yr survival 
~55% 

 

Poor 

 

 

 

 

~75% of 
serous 
carcinoma* 

 

 

Solid nests and 
masses; high-grade 
nuclei; high- mitotic 
index 

 

 

Not known; 
probably from 
ovarian surface 
epithelium or 
inclusion cysts 
(de novo) 

 

Aggressive; 
rapid 

progressive; 5-
yr survival 

~30% 

 

Good, although recurrence 
is common 

1 advanced stage tumor; *based on a survey at John Hopkins Hospital. 
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mutations in KRAS, ERBB2, or BRAF but not in TP53 [45] [46, 47]. One theory is that 

they originate from ovarian epithelial inclusions with Mullerian metaplasia [48] 

whereas another is that they originate from embryological remnants of the proximal 

Mullerian ducts in the ovarian hilum [49, 50]. A newer theory is that they develop from 

the Fallopian tube [50, 51].  

B. Endometrioid Carcinoma: They are often low-grade tumors (stage-I) and originate 

either from pre-existing endometriosis cysts or from border-line adenofibromas with 

ARID1A mutations [52, 53]. Both ovarian and uterine endometrioid adenocarcinoma 

exhibit PTEN, β-catenin, KRAS, and PIK3CA mutations along with microsatellite 

instability [54]. 

C.  Clear Cell Carcinoma: These neoplastic growths likely originate from malignant 

endometriotic cysts that are subject to consistent oxidative stress in their 

microenvironment and they are also associated with infertility and abnormal onset and 

termination of menstruation. They are usually triple negative for estrogen receptor 

(ER) α, Progesterone receptor (PR), Wilm’s tumor 1 (WT1) and TP53 genes and 

exhibit a high proliferative index according to expression of Ki-67 [55] [56].  

D. Mucinous Carcinoma: Its origin can be mucinous ovarian teratoma, mucinous 

metaplasia of a surface epithelial lesion, endometriosis, or Brenner tumors [57, 58] and 

they exhibit mutations in KRAS but not BRAF [59]. They are relatively rare and affect a 

wide range of patients including children and adolescents [60, 61]. Smoking is 

associated with benign borderline mucinous tumors [62]. 
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Table 1.3: A summary of EOC subtypes and their molecular characters [63]. 

 

Type II Tumors  

High-Grade Serous Ovarian carcinoma  

All are high-grade from the start, evolve quickly and are genetically unstable, are 

detected in later stages of metastasis, and exhibit a high proliferative index according to 

Ki67 staining. More than 80% of cases exhibit TP53 mutations [64], 20–67% of cases 
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exhibit over-expression of HER2/Neu, 12–30% of cases exhibit Akt activation, and 15% 

exhibit p16 inactivation. Also, 61% and 66% of cases exhibit over-expression of human 

leukocyte antigen-G (HLA-G) and apolipoprotein E (apoE), respectively, that are absent 

in low-grade tumors. Most of them (90%) are hereditary [65] with a high penetrance of 

BRCA1 and 2 gene mutations.  

1.4  Stages of Ovarian Carcinogenesis  

      Ovarian cancer is a group of diseases with diverse morphological and physiological 

attributes. Depending on histopathology, immunohistochemistry, and genetic analysis, 

five histotypes are recognized: high-grade serous carcinoma, low-grade serous 

carcinoma, mucinous carcinoma, endometrioid carcinoma and clear-cell carcinoma. Each 

histotype responds differently to chemotherapy so the Federation of International 

Gynecology and Obstetrics (FIGO) Committee on Gynecological Oncology recommends 

that specific staging of each histotype is required for successful treatment decisions. The 

recent FIGO classification and corresponding Tumor-Node-Metastasis (TNM) cancer-

staging notations provided by the American Joint Committee on Cancer (AJCC) are 

presented below (Table1. 4) [66] [67, 68]. 

Nomenclature of Tumor-Node-Metastasis (TNM)  

T denotes size of the primary tumor and if it has invaded nearby tissues; T0 – no sign 

of tumor; Tx- tumor cannot be evaluated; Tis – tumor in situ; T1, T2, T3 and T4 are 

the sizes of primary tumor. 

N denotes nearby lymph node. Nx: lymph nodes cannot be evaluated; N0: tumor cells 

absent from regional lymph nodes; N1: regional lymph node metastasis present; N2: 

https://en.wikipedia.org/wiki/Lymph
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tumor spread to an extent between N1 and N3; N3: tumor spread to more distant or 

numerous regional lymph nodes  

M denotes the presence of distant metastasis M0: no distant metastasis; M1: metastasis to 

distant organs (beyond regional lymph nodes) 

Table 1.4: 2014 FIGO ovarian, fallopian tube, and peritoneal cancer staging system and 

corresponding TNM [69]. 
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1.5 Treatment  

      Debulking surgery and chemotherapy based on paclitaxel plus carboplatin are the current 

front-line treatments for ovarian cancer patients but they do often result in disease relapse [70]. 

Clinical behaviors such as responses to chemotherapy, pattern of metastasis, and rate of survival 

of patients depend on the histological subtypes of EOC and the molecular characteristics they 

display so targeted molecular therapy is the new approach to knock down specific physiological 

pathways related to a tumor’s heterogeneity. Such targeted molecular therapies provide greater 

selectivity and lower cytotoxicity than conventional cytotoxic platinum-based chemotherapy 

[71]. Some of the well-established molecular targets act as “driver mutations” that alter one or 

more cell-signaling pathways during OC development [11]. Among different molecular targets 

under investigation (like BRCA1/2, VEGF-pathway genes, PI3K/Akt/mTOR pathway genes, 

TP53-gene, RAS/RAF/MEK/ERK pathway genes, Receptor Tyrosine Kinase Pathway genes like 

erb family- HER-2, programmed cell death check point-1[PD-1] gene, and the CTL-4 gene) only 

two targets have been approved by the US food and Drug Administration (FDA) and European 

Medicines Agency (EMA) to generate anti-cancer drugs that are discussed below [5, 71] 

       1. BRCA1/2 Mutations: Deficiency of homologous DNA recombination due to BRCA1/2 

tumor suppressor gene mutations is seen in high-grade serous ovarian cancers. The action of 

polyadenosine diphosphate-(ADP)-ribose polymerase (PARP) inhibitors is based on the concept 

of synthetic lethality where they selectively target the defective gene pair (e.g. BRCA mutation) 

and thus kill tumor cells but not normal cells [72][66]. Olaparib is such a PARP-inhibitor with 

high antitumor activity in BRCA1/2-mutated patients [73] and that is also supported by an 

international multicenter-based study of olaparib in recurrent BRCA1/2 mutated and advanced  
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ovarian cancer patients including patients with platinum resistance [74]. Olaparib maintenance 

monotherapy after platinum based chemotherapy also demonstrated a longer overall survival in 

platinum-sensitive recurrent serous ovarian cancer patients [75]. 

        2. Vascular Endothelial Growth Factor (VEGF) Pathway: VEGF, originally regarded as 

a vascular permeability factor, plays a crucial role in many signaling pathways including 

angiogenesis, cell survival, migration, differentiation, and mitogenesis in both normal and 

metastatic tissues. Up-regulation of VEGF in ovarian tumors is regarded a predictor of disease 

progression and resistance to standard platinum-based chemotherapy [16]. A well-studied and 

FDA-approved anti-angiogenic agent, bevacizumab (BEV) – a monoclonal humanized antibody 

against VEGF-A, is currently widely used as first-line therapy where Bev plus carboplastin and 

paclitaxel followed by Bev might be used to obtain progression-free survival for advanced 

ovarian cancer patients [76]. The AURELIA open-label randomized phase III trial reported 

that Bevacizumab used in combination with platinum-based chemotherapy improves progression 

free survival and an objective response rate in platinum-resistance ovarian cancer (PROC) [77]. 

1.6 Screening of Ovarian Cancer 

Application of Biomarkers 

      By definition, screening is the application of a test or combination of tests to a patient 

population that is generally asymptomatic but at risk for a certain disease in order to detect an 

early and more curable stage of that disease. Screening for ovarian cancer in a general 

population includes several challenges. For instance, due to their anatomical location, tumor-

related dysfunctional features of the ovaries remain mostly asymptomatic and so are detected 

in an advanced rather pre-malignant stage. The established screening strategies involve cancer 
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antigen (CA)-125 assays and transvaginal ultrasound (TVS) procedures [16]. CA-125 is a high 

molecular weight (125 kDa) serum glycoprotein that is enhanced in 90% of EOC patients and 

thus serves as a prognostic biomarker [12]. However, CA-125 is absent in 20% of ovarian 

cancers and it may be elevated in some benign conditions like liver cirrhosis, endometriosis, 

and peritonitis [5]. In 2011, a screening study for prostrate, lung , colorectal, and ovarian 

cancer (PLCO) in the USA showed that the above screening methods do not correspond with 

reduced mortality rates in highly aggressive Type II or high-grade ovarian carcinomas that are 

mostly asymptomatic in early stages [7, 28].  On the other hand, CA-125/TVS can detect slow-

growing Type I carcinoma [11]. For these reasons, better early detection biomarkers that 

specifically target Type II or HGSOC with de novo origin and other sub-types in initial stages 

are needed in order to develop personalized treatment protocols. Some of the candidate 

biomarkers are discussed below: 

       Epithelial Cell adhesion molecule (EpCAM) is a glycosylated 39-42 kDa calcium-

independent, Type-I membrane protein expressed in human epithelial tissue, cancer, progenitor, 

and stem cells. It is expressed in all types of human adenocarcinoma, hepatocellular carcinoma, 

squamous cell carcinoma, and retinoblastoma and thus indicates a poor prognosis. Once the 

intracellular domain is exposed and activated, EpCam works as a mitogenic agent to enhance cell 

proliferation, up-regulates the proto-oncogene c-myc and the cell-cycle regulatory proteins 

cyclin A and E, and, via the Wnt-pathway, mediates nuclear signaling pathways [78]. Ovarian 

carcinoma tissue expresses higher levels of EpCAM than does normal ovarian tissue [79] and 

Epidermal Growth factor (EGF) upregulates EpCAM expression by modulating the ERK1/2 

pathway so as to change cell-migration patterns in human ovarian cell-lines [80]. Consequently, 



18 

 

co-expression of EpCAM and epidermal growth factor receptor (EFGR) are considered good 

molecular therapeutic targets [79]. 

        Sex determining region Y-box2 (SOX2) is a transcription factor in embryonic stem cells 

and is associated with the maintenance of stem cell characteristics and with carcinogenesis [81].  

In serous ovarian cancer cell (SOC) lines, Sox-2 upregulation promotes cell proliferation, 

migration, and invasion while inhibiting cell adhesion via targeting the Src-kinase pathway [82].  

Thus its over-expression is a poor prognostic factor in ovarian cancer, promotes PI3K/Akt-

mediated paclitaxel resistance [83], and maintains CSC-properties in SOC cell-lines [84]. 

      C-Jun is another transcription factor related to angiogenesis, cell proliferation, and apoptosis 

in many tumor types. Phosphorylated c-Jun (pc-Jun) upregulation is associated with poor 

progression-free survival in invasive EOC patients and the JNK/c-Jun/miR-21 pathway 

contributes to cisplastin resistance [85]. Thus c-Jun is considered a clinicopathological 

prognostic predictor for EOC [86]. 

        Vascular Epithelial Growth Factor (VEGF) promotes angiogenesis, is over-expressed in 

ovarian carcinoma compared to benign and borderline serous papillary tumors, and thus is 

considered an important target molecule in ovarian neoplasms [87]. The VEGF-A protein 

isoform is now considered a promising independent serum prognostic biomarker that is 

expressed at higher levels in stage III/stage IV patients than in stage I/II patients [88]. 

        Cyclooxygenase-2 (Cox-2) is an inducible enzyme that is normally absent or under-

expressed in normal cells but, during inflammation, tumorigenesis, and other pathological 

processes, it is significantly up-regulated via prostaglandin over-production. High-level 

cyclooxygenase production is reported in ovarian tumors and is associated with poor prognosis, 
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shorter survival, and chemoresistance. Knocking down Cox-2 gene expression in the SKOV3 

cell line and xenografted mouse models reduced their proliferation index by arrest in G1 phase of 

the cell cycle and also inhibits colony formation and invasion of ovarian cancer cells [89]. 

         Nuclear Factor Kappa B (NF-κB): Ovarian cancer is associated with inflammation. High 

levels of tumor-necrosis factor (TNF-α) expression activates Nuclear Factor Kappa B (NF-κB) 

that, in turn, induces proinflammatory chemokines like CCL20. In ovarian cancer patients, the 

receptor for CCL20 ligand, CXCR-2, is expressed and mediates cancer progression in the 

peritoneal cavity by the (NF-κB)-mediated CCL20-chemokine network [90]. 

        P-120-catenin is a member of the sub-family of armadillo repeat-containing proteins and is 

associated with the cadherin juxtramembrane complex that suppresses E-cadherin endocytosis 

and regulates actions of the Rho-family of GTPases. In E-cadherin-negative tumor cells, p120 

activates cell invasion, anchorage-dependent growth, and Src-mediated oncogenic transformation 

[91]. A study demonstrated that gonadotrophin hormone-releasing hormone (GnRH) induces the 

switching of E to P cadherin and p120–catenin accumulation in the cytoplasm that, in turn, 

mediates invasion and tumor progression [92]. 

         Estrogen Receptor α, one of the two receptors for estrogen hormones, has a contradictory 

role in carcinogenesis. One study reported that ERα induces EMT and thus tumor progression 

[93]. However, another study demonstrated no correlation between ER- α expression in tissue 

samples and histopathological parameters [94]. Thus, altered receptor expression in different 

patients may influence hormonal activity that, in turn, may mediate malignant transformation.  

        AUF-1 is a RNA-binding protein that binds to AU rich regions and influences redox 

balance in cell models. Recent studies demonstrated that AUF-1 is a post-transcriptional 
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regulator of superoxide dismutase (SOD-1). It is upregulated in tumor cells via AUF-1 binding to 

the 3’UTR of mRNA-SOD-1 and renders those cells resistant to oxidative stress and 

chemotherapy [95] and thus elucidates the importance of AUF-1 in SOD gene expression and 

tumorigenesis.   

         Poly (ADP-ribose) polymerase (PARP) protein polymerizes poly (ADP-ribose) and 

catalyzes base-excision repair, homologous recombination, and non-homologous end joining. It 

is crucial for a broad array of physiological and pathological responses and thus is a good 

molecular target for chemotherapies [96]. PARP inhibitors are often used to treat BRCA1/2-

mutated high-grade serous ovarian cancer and other cancers like breast and prostate that show 

homologous recombination deficiency and they are used in combination with chemotherapy, 

targeted agents, radiotherapy, and immunotherapy to treat various cancer types [97].  

          CXC chemokine receptor-4 (CXCR-4) is a G-protein-coupled chemoreceptor that 

mediates cytoskeleton rearrangement and cell migration. Its high expression is associated with 

poor prognosis of ovarian cancer and plays a major role in cancer metastasis [98]. 

         Nuclear Factor erythroid-2 like, Nrf-2, is a master transcription regulator during cellular 

oxidative stress and has dual roles.  Under oxidative stress in normal cells, Nrf-2 binds to anti-

oxidant response elements (AREs) to activate target genes that neutralize reactive oxygen species 

but constitutive Nrf-2 expression helps tumor cells thrive under cellular oxidative stress. So, 

activation of Nrf-2 may be cancer-preventive whereas inhibition of Nrf-2 may have therapeutic 

value. Indeed, recent findings in a normal (OSE-C2) and an ovarian cancer (A2780) cell line 

indicated that NrF-2 can be a potent therapeutic target in ovarian cancer [99].  
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      c-erb-2/HER-2/Neu is an oncogene that encodes a 185 kDa transmembrane receptor 

homologous to epidermal growth factor receptor (EGFR). Less than 10% of EOC cases exhibit 

high levels of HER-2/Neu over-expression and up to 50% exhibit moderate to low HER-2/Neu 

over-expression [100].  The role of Her-2 is controversial in ovarian cancer because in some 

cases its over-expression is associated with poor survival, advanced stages, and resistance to 

chemotherapy [101] whereas in other cases its expression is scarce [102]. In some cases it was 

associated with better survival but was not an independent prognostic factor [103]. 

        Occludin is an integral membrane protein that is crucial for tight junction formation and 

function. One study demonstrated its role as a tumor suppressor protein in certain cancers and 

that methylation of its encoding gene enhances cell invasion and tumorigenicity [104] whereas 

other studies did not confirm its role in tumor development [105].  

Another major challenge with ovarian tumors is their intercellular heterogeneity. Within a 

primary tumor, subpopulations of cancer stem cells (CSC) and stem cell pathway mediators are 

present and contribute to enhanced tumorigenicity, chemoresistance, and recurrence of disease 

[6]. Some of the CSC-biomarkers that were targeted in the present study are discussed below.  

       CD24 is a glycosylated GPI-linked cell surface protein expressed in granulocytes and B-

cells and cells with surface marker CD24 expression exhibit more sphere-forming ability and 

the capacity to passage and initiate tumors in vivo. CD24+ cancer cells exhibit increased 

phosphorylation of STAT3 and increased expression of the STAT3 targets Nanog and c-myc. 

CD24 amplifies cell growth-related intracellular signaling via PI3K/Akt and MAPK pathways 

by affecting EMT signals and thereby enhances metastatic progression of OC [16, 106]. It is 
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also a key player in metastatic progression through the EMT pathway and is a promising 

therapeutic target for advanced ovarian cancer [107].  

        CD117 or c-kit is a member of the type III receptor tyrosin kinase family and is a cell 

surface marker for embryonic, hematopoietic, and mesenchymal stem cells and it binds stem 

cell factor (SCF, KITG) and regulates differentiation of melanocytes, red blood cells, mast 

cells, interstitial cells of Cajal, and germ cells. Gain of function mutations in c-kit or CD117 

are found in gastro-intestinal tumors, seminomas, gonadoblastoma, and ovarian 

dysgerminomas [5, 11]. A study showed that CD44+ and CD117+ spheroid cells in serous OC 

are chemo-resistant and can initiate tumor formation in mice [6]. Another recent study reported 

that CD117-positive EOC patients more frequently have residual tumors, chemoresistance, and 

shorter survival times than CD117-negative patients [15]. 

        MyD88 is an adaptor protein for the Toll-like receptor-4 signaling pathway. Recent 

evidence suggests that, upon TLR-4 binding to paclitaxel, EOC cells with MyD88 exhibit 

constitutive expression of pro-inflammatory cytokines like interleukins, VEGF, and monocyte 

chemotactic protein that mediate tumor progression, invasion, metastasis, and paclitaxel 

resistance. Moreover, MyD88 expression is a significant and independent indicator of poor 

prognosis for EOC and it promotes the activation of a TLR-4/MyD88/NF-κB signaling 

pathway-mediated inflammatory microenvironment that is linked to an aggressive EOC 

phenotype [1, 26] [1, 23, 24]. 

       CD29 or Integrin beta-1 (ITGB1) is a member of the integrin family of cell surface 

adhesion proteins that are involved in epithelial cell-matrix interactions. Upregulated integrins 

are associated with EGF-mediated invasion via the MAPK/ERK signaling pathway [28] and 
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with metastasis and angiogenesis in malignancy of the ovary. Clustering of ITB1 induces 

autophosphorylation of the down-stream kinase FAK and thus activation of signaling 

pathways. So, inhibition of ITGB-1 causes anti-invasive and anti-migratory effects in cultured 

ovarian cancer cell lines, decreases tumorigenesis, and affects bevacizumab treatment [7]. 

         CD 90 or Thy-1 is a glycoprotein mediator of T-cell activation and neutrite growth. CD 

90 is an established CSC-biomarker for gastric, lung, esophageal, and liver cancer [14, 21, 22, 

108] though its over-expression causes a decrease in the CSC-markers CD133 and CD24, 

promotes anoikis, reduces sphere-formation, and reduces tumorigenicity by interacting with β-

3 intergrin in the OC cell-line SKOV3. In ovarian tumor tissue, the under-expression of CD90 

predicts poor prognosis [13]. 

1.7 Proteomics 

         Proteins are the building blocks of life. They are the final products of gene expression and 

are comprised of structurally and functionally diverse units called amino acids. The term 

“proteome” refers to the entire set of proteins encoded by a genome. To explore the proteome, 

the main tool is proteomics and it deals with the structure, function, and identification of specific 

proteins; their quantification in cells, serum, and tissue; their probable interactions; and 

characterization of their post-translational modifications [5]. By definition, “Proteomics is the 

use of quantitative protein-level measurements of gene expression to characterize biological 

processes (e.g., Disease processes and drug effects) and decipher the mechanisms of gene 

expression control” [16]. A major focus of proteomics is the development and application of new 

methodologies to analyze the structure and function of proteins globally rather than 

characterizing an individual protein. One of the most pertinent goals of proteomics research is 
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the systemic investigation of diverse properties of proteins involved in various physiological and 

pathological conditions that can enable scientists to discover new biomarkers and therapeutic 

targets in human disease and increase current knowledge of biological processes [11, 109] using 

2D gel electrophoresis, mass spectrometry, isotope-coded affinity tags, MALDI-TOF/MS, 

SELDI-TOF/MS, protein chip, protein microarrays, and protein bioinformatics [110]. 

 1.7.1 Cancer Proteomics and its role in ovarian cancer 

       Cancer is a multi-factorial disease stemming from genetic, genomic, and epigenetic 

aberrations at the chromosomal, cellular, or even tissue level that causes dysregulation of normal 

cellular signaling networks and leads to uncontrolled growth and proliferation of cells. Each 

year, around 11 million people around the world are diagnosed with cancer and the percentage of 

new cases diagnosed plus the cancer mortality rates are rising. This is due to late diagnosis of the 

disease when treatment options are limited [111]. A response to that challenge is 

oncoproteomics, a branch of proteomics that deals with proteins and their interactions in a cancer 

cell in order to understand the disease process better, discover new tumor biomarkers for disease 

prognosis and recovery, and earlier detection of those biomarkers [112]. Most current tumor 

markers are detected through proteomic approaches. For instance, one can use multiple 

antibodies at a time to identify protein signaling networks in a disease state because over-

expression and post-translational modification of several onco-proteins can be detected in the 

transformed/malignant cells [113]. Though current proteomics does provide earlier detection of 

cancer, it still lacks the sensitivity and specificity needed to differentiate malignant vs benign 

tumors in the general population. 
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Screening for epithelial ovarian cancer currently relies on detection of the bio-marker CA-125 in 

serum. However, this approach lacks the sensitivity to detect early stages of malignancy and CA-

125 can be elevated in a variety of benign conditions. One past study compared the silver-stained 

and SYPRO-Ruby stained traditional 2D gel analysis of invasive and non-invasive low 

malignant potential (LMP) tumor lysates and found a very prominent over-expression pattern of 

FK506 binding protein, RhoG-GDI, and glyoxalase I in the invasive tumors [114]. A recent 

study using conventional 2D gel electrophoresis-based differential proteomic analysis 

demonstrated that the candidate subtype-specific biomarkers annexin-A4, PSAT-1, CRABP2, 

and SPB5 can clearly differentiate histological subtypes [37]. A paradigm shift from 2D gels to 

modern gel-free high throughput antibody-based reverse phase protein array (RPPA) and mass-

spectroscopy-based techniques has immensely enhanced the sensitivity, quantification, and 

multiplexing options required to understand any biological system in a comprehensive and 

sophisticated manner. One example of a MALDI-TOF MS-based study revealed that the protein 

expression pattern and subtype-specificity of the biomarkers WT-1 and Rab-3D can classify 

serous and clear-cell ovarian carcinomas [115]. Still, using the less-sensitive and less-

sophisticated conventional methods like 2D, immunoassay, and immunoblotting for preliminary 

ovarian cancer biomarker studies can effectively detect and measure the altered expression of 

specific proteins. 

1.8 Research Plan 

Current screening options for OC are limited due to non-persistent outcomes of elevated 

CA125 detected in blood serum and the absence of single or combinations of biomarkers to 

detect this disease early and during recurrence. My research focuses on how biomarker 

expression changes in high-grade cancer vs. low-grade cancers using established cell-lines. 
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Furthermore, my project represents an extension of previous research on the development of a 

novel animal (Syrian hamster) experimental system to study the effects of neonatal exposure to 

the synthetic estrogen, diethylstilbestrol (DES) [116]. In that animal model of the clinical 

misadventure that became known as the DES-syndrome [117], we used the cheek pouch as an 

organ transplant host site system to demonstrate that neonatal exposure to DES induces: 1) early 

and permanent changes in the developing pre-pubertal (initiation stage) uterus so that 2) the adult 

uterus responds abnormally to the natural estrogenic hormone (estradiol-17β) normally released 

from the adult ovary (promotion stage) and consequently 3) a high incidence of endometrial 

adenocarcinoma occurs [118, 119]. We subsequently pursued additional studies showing that the 

hamster cheek pouch is a convenient, immunologically privileged site for the xenotransplantation 

of various types of both cells and tissues [120]. 

        We are now collaborating with Dr. Nephew, Professor of Cellular and Integrative 

Physiology at Indiana University, who conducts translational research into the role of epigenetics 

in CSC and the development of epigenetic strategies to combat relapse and drug resistance in 

ovarian cancer. Using some samples of our cryo-stored human ovarian tumor cell lines plus 

additional cell lines supplied by Dr. Nephew, we established a transplantation protocol for 

generating viable transplant masses in the hamster cheek pouch and then analyzed:  1) extracts of 

the donor cell lines and 2) resulting viable tumor masses for expression of specific proteins 

          Based on what we learned from the above trials with cultured cell lines, we then 

progressed to using human ovarian tumor tissue fragments provided by our local clinical partner 

for the generation of long-term (~2 months) viable transplant masses in the hamster cheek pouch.  
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Some of our preliminary immunohistochemistry (IHC) analyses yielded similar proteomic 

patterns between donor and post-transplanted tissues. 

         Prompted by the recent report indicating that none of the cell lines we originally used for 

xenotransplantation trials are truly HGSOC-representative [121], we now propose to: 1) examine 

the proteomic status of a set of newly obtained HGSOCs from our collaborator and 2) compare 

the differential expression of putative CSC and other gene markers in those truly HGSOC-

representative cell lines with that in the non-HGSOC-representative cell lines. Such preliminary 

analyses will allow us to better focus follow-up xenotransplantation studies of both cell lines and 

patient tumor tissues and thus facilitate future investigations of both the standard genetic and the 

more recently recognized epigenetic mechanisms behind gene expression modifications. 

Hypothesis: Due to the presence of different histological subtypes of ovarian carcinoma, it is 

evident that each type exhibits a diverse range of molecular, histological, phenotypical (like 

growth and morphology) and clinical pathological patterns. Thus, each ovarian cancer harbors a 

heterogeneous population of cells. Based on this assumption, we hypothesize that different 

subsets of ovarian tumors like serous, endometrioid, or clear-cell adenocarcinoma express 

different types of stem-cell and other gene markers in variable quantities at the translational level 

in both established cell lines and clinical tissue samples which can be linked to the behavior and 

histopathology of both high-grade and non-high-grade types of carcinoma. 

 Specific Aim(s) and Objective(s): My project is part of a pilot translational project focusing 

mainly on the feasibility of using the hamster cheek pouch system as a xenotransplantion-based 

model of ovarian cancer and then applying that model to the diagnosis, prognosis, and treatment 

of human ovarian cancer.  In view of recent findings, we now need to reassess the model system 
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starting with cultured cell lines that are truly representative of HGSOC and evaluate the 

expression of CSC marker gene and other gene products in those cell lines.  I will focus on the 

latter objective by pursuing the following two Specific Aims: 

1) Establish cultures of high-grade serous and non-serous ovarian cancer cell lines and study the 

differential expression of cancer stem cell markers like CD44, CD133, CD117, ALDH, MyD88, 

CD24, CD29, CD90 and a panel of other gene markers in them at the whole-cell level using 

immunoblot (IB) analysis. 

2) Use some of the antibodies tested in the above Specific Aim to assess the 

expression/localization of CSC marker and some other gene marker proteins at the sub-cellular 

level in those cell lines using Immunohistochemistry (IHC) analysis. 
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Chapter 2 

MATERIALS AND METHODS 

         The items and their sources include:  Dulbecco Modified Eagle Medium without serum 

supplement and Dulbecco phosphate-buffered saline (PBS) from Hyclone-GE Healthcare Life 

system, Hyclone lab, Utah; Fetal calf serum from Atlanta Biologicals, USA; Trysin-EDTA from 

Meditech Inc, USA; Non-fat Dry milk from Kroger’s; DC-Protein Assay Kit purchased from 

Biorad Laboratories, USA; Secondary antibodies and Vectastatin ABC-kit from Vector 

laboratories, USA; SigmaFastTM–DAB from Sigma Laboratories; and Streptavidin/ Biotin 

blocking Kit (SP-2002) from Vector Laboratories, USA. All other chemicals were from Fisher 

Laboratories, USA.  

A. Establishment of Cell Cultures 

        Our current collection of cell lines includes MCF-7 (breast cancer cell line); ID8 (murine 

ovarian cancer cell line); A2780 (human ovarian cancer cell line); ES-2 (derived from a clear cell 

ovarian carcinoma); OVCAR-3 (derived from a serous ovarian adenocarcinoma); TOV-112D 

(derived from an ovarian endometrioid carcinoma); SKOV3 (human ovarian carcinoma); 

Kuramochi, OVSAHO, and SNU 119 (the last three are HGSOC cell lines provided by our 

collaborator, Dr. Nephew). For establishing cultures, all cells are seeded using 10 ml Dulbecco 

Modified Eagle Medium (DMEM) supplemented with 5% (v/v) FCS (Fetal Calf Serum) in 100 

mm dishes. Once color of the media changes from red to yellow (due to presence of phenol red 

pH indicator), usually after 2-3 days of culture, dishes received fresh media.  When cells are 

confluent, media is aspirated and the dishes are rinsed with 5 ml PBS to remove any remaining 
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serum proteins.  Then the cells are released from the dishes by 5 ml additions of 0.05% (v/v) 

Trypsin, 0.53 mM Ethylene Diamine Tetra-Acetic acid (EDTA) and incubation at 37ºC for 3-4 

min. The harvested cells are spun down (1,000xg) for 5 min using an IEC Centra MP4R 

Centrifuge, International Equipment Co., USA. The resulting cell pellets are resuspended in 10 

ml fresh media and split into four 100 mm dishes.  

B. Preparation of Total Protein Extracts from Cells 

        Proteins are extracted by scraping cells from the bottom of 4 replicate culture dishes (100 

mm) with the cells at confluence. Then cells are washed with chilled phosphate-buffered saline 

(PBS) and centrifuged at 1,000xg for 5 min at 4ºC.  After pellet volumes are noted and 

supernatants are discarded, the cell pellets receive 4X volumes of 1X radioimmunoprecipitation 

assay (RIPA) buffer (20mM Tris,  20mM NaCl, 2mM EDTA, 500mM aminocaproic acid, 10% 

glycerol, 0.2% Triton X-100, pH 7.0) lysis buffer to extract total proteins. After vortexing, the 

extracts are kept overnight at -200C. Next, total protein concentration in the extracts from each 

cell line was determined using the Biorad modified Lowry method DC-Protein Assay Kit. Then, 

5X sample buffer (0.5M DTT, 10%SDS, 0.4M Tris [pH 6.8], 50% glycerol, 1% [v/v] 

bromophenol blue and 39% H2O) was added to make each extract 1.6 mg total protein/ml, they 

were denatured (100°C for 5 min), again mixed end-over-end overnight, and lastly stored at -

200C. Total protein extract aliquots (40ug/lane) are run under denaturing conditions on a 5–15% 

polyacrylamide gradient gel. To visualize the overall pattern of resolved proteins, gels are rocked 

at room temperature (RT) first in two changes of gel fixer (10% [v/v] glacial acetic acid [GAA], 

50% [v/v] methanol, and 40% [v/v] H2O) for 15 min and then in Coomassie Brilliant Blue 

(CBB) solution (0.05% [w/v] CBB R250, 50% [v/v] methanol, 10% [v/v] GAA, and 40% [v/v] 
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H2O) for 3-4 hrs. The stained gels are then kept at RT in de-stain solution (5% [v/v] methanol, 

7% [v/v] GAA, and 88% [v/v] H2O) until background staining is removed completely and 

stained protein bands are distinct. To prevent cracking during drying, gels are rocked at RT in 

two changes of gel dry solution (35% [v/v] ethanol, 2% [v/v] glycerol, and 63% [v/v] H2O) for 

15 min intervals. The gels are then sandwiched between two wet cellophane sheets and dried. 

C. Immunoblot (IB) 

      Immunoblot , also known as Western blot is used in molecular biology to separate and 

identify proteins from a mixtures of proteins. This technique employs gel electrophoresis 

technique to separate proteins according to their molecular weights which then transferred to a 

membrane producing a band for each protein. Membranes then incubated with labeled antibodies 

specific to the protein of interest. All the unbound antibodies are washed off by buffers except 

the bound antibodies specific for the protein of interest. The bound antibody can be detected by a 

secondary antibody- conjugated enzyme-substrate reaction as bands. Thickness of the band 

depending on the amount of protein expressed in the cell [122]. For immunoblotting separated 

proteins in the gel are electrotransferred to a nitrocellulose membrane using a Genie apparatus 

(Idea Scientific Co., Minneapolis, MN) and a buffer containing 192 mM glycine, 25 mM Tris 

base, 15% (v/v) methanol, and 0.02% (w/v) SDS. The standard protein lane on the membrane is 

cut and dried between paper towels and the remaining membrane with sample protein lanes is 

immuno-probed as follows. First, non-specific protein-binding sites on the membrane are 

blocked with 10 ml of PTM (Dulbecco’s phosphate-buffer Saline pH 7.5 with 1% [v/v] Tween 

20, 5% [w/v] nonfat dry milk) at RT for 1 hr.  It is then incubated with primary antibody in PTM 

for 2h at RT or at 40 C overnight. After this, the membrane is washed 5X with PBST (Dulbecco 
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phosphate-buffered saline containing 0.05% [v/v] Tween 20, pH 7.5). The membrane is next 

incubated for 1h at RT in 6 ml PTM containing 15 µl of appropriate species-specific anti-IgG 

antibody: biotin conjugate (Vector Laboratories, Burlingame, CA). The next step uses an avidin–

biotin-peroxidase complex reagent (Vectastain ® ABC) prepared in PTM according to 

manufacturer instructions (Vector Laboratories). The membrane is incubated in the ABC reagent 

for 30 min at RT. The membrane is then exposed to a commercial substrate solution (SigmaFast 

from Sigma, St. Louis, MO) containing 0.7 mg/ml 3, 3’-diaminobenzidine, 0.17 mg/ml 

urea/hydrogen peroxide, and 0.06 M Tris buffer. A positive enzymatic reaction in this system 

generates deposition of an insoluble, dark-brown product. The above optimized protocol is based 

on previous analyses [116]. 

D. Immunohistochemistry (IHC) 

        IHC refers to the process of detecting antigens (e.g. proteins) in cells by an antigen-antibody 

interaction. The procedure was first conceptualized and implemented by Dr. Albert Coons in 

1941 [123]. IHC staining is widely used to detect specific molecular markers involved in 

particular cellular events such as proliferation, metastasis, or apoptosis. It is also used to 

understand the distribution and localization of biomarkers and differentially expressed proteins 

in specific compartments of a biological (cell or tissue) sample. Here we will use an IHC 

technique previously applied to fixed tissue sections [124] but we slightly adapted its application 

to cultures of 2 x 104 cells/well in 8-well chamber slides.  The process is as follows: 

       When cells plated in an 8-chamber glass slide (based on the protocol described above in 

Section 5.A.) attach after 24 hrs, the media is aspirated from the wells and each chamber is 

washed twice quickly with 0.5 mL PBS. Cells are then fixed by adding 0.5 mL of 4% (w/v) 
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paraformaldehyde (PFA) in PBS to each chamber and incubating them at RT for 15 min. After 

rinsing in H2O, cells are ready for the IHC procedure. First, they are permeabilized by absolute 

ethanol for 10 min at RT. Next, antigen retrieval is performed in 10 mM trisodium citrate, pH 6.0 

at 95°C for 30 min and then endogenous peroxidase activity is quenched with 3% (v/v) H2O2 in 

MeOH at 37°C for 30 min.  After rinsing (here and between subsequent steps) in PBST, cells are 

blocked first with 10% (v/v) serum (from the same species used to raise the relevant second 

antibody) at 37°C for 20 min and then with avidin/biotin solutions (SP2002 kit from Vector 

Laboratories, Burlingame, CA) according to kit instructions.  After incubation with primary 

antibody for either 35 min at 37°C or overnight at 4°C, cells are incubated with appropriate 

species-specific anti-IgG antibody:biotin conjugate (15 µg/ml) and then with Vectastain Elite 

ABC reagent (both from Vector Laboratories, Burlingame, CA); both at 37°C for 20 min and all 

reagents are diluted in PTM.  Finally, cells are reacted with DAB substrate reagent (same as for 

the immunoblotprotocol) at 37°C for a maximum of 15 min, rinsed with H2O, counterstained 

with Methyl Green, and cover-slipped using Permount.  Photomicrographs are captured using 

a Nikon Eclipse E800 microscope fitted with CFI Plan Apochromat objectives and a Nikon 

Digital/DSFi1 color camera linked to a NIS-Elements image analysis system. 
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Chapter 3  
 

RESULTS 
 

3.1 Cell Culture and Harvesting:  

In general, animal cells can grow in culture either adherent to a glass or plastic solid 

surface or in suspension.  In the current study, all the cell-lines were grown as adherent 

cultures and exhibited unlimited growth characteristics in FCS-supplemented media. 

Cells were plated from cryopreserved 1 mL stock ampules (in DMSO-supplemented 

media) for a few days until they reached confluency. Each cell line showed variable 

growth characteristics in terms of time to reach log or exponential phase, time to divide 

and form mono-layer confluent culture, cellular morphology, and so on. For protein 

isolation, a confluent monolayer culture was split into four 100 mm2 plates and then 

grown to confluence for cell harvesting. For preserving cell-cultures, preparing 

continuous cultures, or cell harvesting, culture dishes with cells were inspected every day 

to detect any signs of contamination, cell death, or other changes that can alter cellular 

morphology and physiology of the cell-line. Occasional yeast and mold, but not bacterial 

contaminations, were observed. The media was changed once its pH indicator (phenol 

red) turned yellowish from red so as to remove the metabolic products that can stall cell 

growth and induce them to enter stationary growth and/or death phases.  

Among the three HGSOC cell lines, we observed visually that Kuramochi grew 

the fastest followed by OVCAR3 and SNU, respectively.  Sometimes SNU cells took 

more than 12 days to reach confluency whereas Kuramochi took only 3-5 days. Among 

the non-HGSOC cell lines, A27 and TOV grew the fastest. Growth curves were not 

plotted due to 1. time constraint (minimum time to reach confluency was 3-5 days 
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whereas maximum 10-12 days) and 2. considering to load equal amount of total protein 

per lane extracted from the confluent mono-layer continuous culture over extracting total 

protein from the same phases of growth of all cell lines to see the differential proteomic 

expression profile that align with our project goal.  Prior to harvesting, confluency status 

and cell morphology for each culture dish/cell line was assessed daily visually (picture of 

representative cell line SKOV3 presented in Figure 3.1)  

For the 8-chambered immunohistochemistry (IHC) slide experiments, cells were 

counted in a haemotocytometer, diluted in re-constituted DMEM media, seeded at 20,000 

cells/chamber and checked every 12 hr to assure the cells were healthy (without any 

contamination) and attached to the glass slide surface. As IHC experiments were done 

with non-confluent cells, sometimes we noticed slower growth or occasional slight 

changes of cellular behavior like formation of aggregates, taking longer time to settle in 

the chambered slides visually. Growth was never quantified to keep the IHC experiments 

simple and considering to focus on sub-cellular expression and localization of proteins 

only with 20,000 cells seeded initially. For instance, Kuramochi cells grew slowly and 

formed cell aggregates. Also, we sometimes observed a meniscus effect where the cells 

were more concentrated at the periphery rather than the center of the chambers. 
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Figure 3.1: Phase contrast image of a representative cell line (SKOV3). This image 
shows attached cells with distinct nuclei, cytoplasm, and cell-membranes.  They are 
primarily flattened and adherent to each other, often with cell processes (pseudopods). 
 
3.2 Determination of differential expression of stem-cell markers (CSCs) and other 

gene-markers at the whole-cell level using Immunoblot (IB) analysis 

          Expression of a specific protein is qualitatively and semi-quantitatively determined 

by the IB technique where a primary antibody specific for a particular protein is used to 

detect the presence and level of expression of that protein in a complex mixture of 

proteins. After the extraction of total cellular proteins in RIPA buffer, a 40ug sample of 

total proteins was loaded per lane on a SDS-PAGE gradient gel and run over-night at 40-

50 V. The gradient gel separates/resolves denatured proteins according to their molecular 

weight and thus generates distinct band-patterns according to the presence and 

concentration of different proteins. Staining with Coomassie Brilliant blue for 3-4 hr 

followed by over-night de-staining renders most of the bands visible. Our results 

indicated that the overall protein profile differed both within and among the cell lines; 

with some bands being thick and intensely stained while others were thin and faintly 

stained.  
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Figure 3.2: Analysis of the total denatured protein profile of extracts of ten cell lines on a 5-
15% gradient SDS-PAGE gel. Most of the proteins are well-segregated here according to their 
molecular weight (MW) in kilo Daltons (kDa). One characteristic band at ~40 kDa and another 
3-bands around 12-15 kDa in all cell lines are prominent and reveal the ubiquitous cellular 
presence of these proteins. 
 
       Part of the project hypothesis was that specific proteins would be differentially expressed 

among the cell lines with a particular pattern differing between the HGSOC vs. non-HGSOC cell 

lines. I tested that hypothesis using more than 50 antibodies that targeted a collection of cancer 

stem cell markers and other gene products (Table 3.1). Surprisingly, none of the anti-cancer 

stem cell biomarker antibodies we tested generated detectable or appropriately sized signal bands 

with any of our cell line extracts. In contrast, two of the antibodies we tested for established 

housekeeping gene products (GAPDH and β-Actin) did generate appropriately sized signal 

bands in extracts from all the cell lines. Prompted by the negative cancer stem cell biomarker 
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probing results, I proceeded to probe for other proteins. While many of them were detected at 

different levels among the cell line extracts, we observed no clear expression level differences 

among the extracts that distinguished the three HGSOC cell lines from the other non-HGSOC 

cell lines.  However, a few of those protein targets were detected in one or two of the HGSOC 

cell lines but not in any of the non-HGSOC cell lines. We also noted that a 75kDa non-specific 

band was generated when using rabbit 1st antibodies but not with mouse or goat 1st antibodies. 

For 13 antigen targets like Androgen Receptor, AUF1, BRCA1-IRIS, β-Catenin, p120-Catenin, 

CXCR4, Estrogen Receptor-α (HC20; sc-543), HSP60, NF kappaB [p50], Nrf2, p53, PCNA, and 

Sp1/PEP-2, the signal band pattern did vary among the cell lines but did not specifically 

distinguish the three HGSOC cell lines form the non-HGSOC cell lines.  

 

 

 



39 

 

 

Figure 3.3: Differential expression patterns of some CSC-markers and other proteins in 
non-HGSOC and HGSOC cell lines.  
From left to right: standard (std), MCF-Breast cancer cell line; ID8-murine cancer cell line; A27, 
ES2, OVC, SKO, TOV- non-HGSOC cell lines; KUR, OVS and SNU-HGSOC cell lines 

SP1 (91kDa) 
p120 (100-85kDa) 

p50 (117, 82.5, 71, 48 
kDa) 

 AUF-1 (45-36 
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Fusin (60,35kDa) 
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Multi-keratin (42kda) 
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MyD88 (32kda) 
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Vimentin (50kDa) 
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MeCP2 (250kDa) 
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β-Actin (43kDa) 
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From the top: SP1 (Specific protein 1), p-120-Catenin, NF-κB p50 (nuclear factor kappa-light-
chain-enhancer of activated B cells p50 homodimer), AUF-1 (AU-rich element RNA binding 
protein 1/ heterogeneous nuclear ribonucleoprotein D), ER-α (Estrogen Receptor), Nrf-2 (Nuclear 
factor (erythroid-derived 2)-like 2), PCNA (Proliferating cell nuclear antigen), AR(Androgen 
Receptor), β-catenin, COX-2 (Cyclooxygenase-2 or prostaglandin-endoperoxide synthase 
(PTGS), CXCR-4 (CXC- chemokine receptor-4), Fusin [CXCR4] (C-X-C chemokine family 4), 
c-erbB-2 (Receptor tyrosine-protein kinase erbB-2), HSP60 (Heat shock protein 60), Multi-
Keratin (keratins 4, 5, 6, 8, 10, 13, and 18), c-Myc, MyD88 (Myeloid differentiation primary 
response gene 88 (MYD88), p53 (a tumor suppressor protein), Vimentin, E-cadherin, MeCP2 
(methyl CpG binding protein 2), BRAC-1-IRIS (Breast Cancer type-1-IRIS, a 1399 residue 
BRAC-1 locus alternative product), β-Actin, and Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) in total protein extracts of the ten cell-lines.  
 
         SP1 is expressed in all cell-lines except ID8 and was detected as specific and prominent 

major 91 kDa bands and very faint minor 31 kDa bands; 2. p-120-Catenin was detected as a 

differing pattern of triplicate bands at 100-85 kDa in all lanes; 3. NF-κB p50 was detected as sets 

of single and double bands (variable intensity between the double bands and among lanes) at 

117, 82.5, 71, 48 kDa and mostly in the non-HGSOC cell-lines; 4. AUF-1 was detected as a 

quadruplicate set of bands at 45-36 kDa in all lanes at variable intensities. The darkest band was 

in OVS-lane; 5. ER-α was detected as 75 kDa bands of similar intensities in all cell lines except 

OVS and also as a series of lower MW faint bands in the MCF lane (not shown here); 6. Nrf-2 

was detected as bands with variable patterns and intensities:  1) 61-54 (triplicate) kDa in MCF, 

A27, OVC, SKO, TOV, OVS, SNU lanes; 2) 44 kDa in ID8, SKO lanes; 3) 27 kDa in MCF, 

A27, OVC, SKO, OVS, SNU lanes; 4) 20 kDa in MCF, A27, OVC, SKO, TOV, OVS, SNU 

lane; 7. PCNA was detected as 32 kDa bands in all lanes (of varying intensity); 8. AR was 

detected as faint 47 kDa bands only in the ES2, SKO, TOV, and KUR lanes; 9. β-catenin was 

detected as a complex set of bands at 50-87 kDa (darkest at 87 kDa) in all lanes (but very light in 

the KUR lane); 10. COX-2 was detected as a distinct band at 66 kDa only in the ID8 lane; 11. 

CXCR4 was detected as faint 45 kDa bands in all lanes; 12. Fusin [CXCR-4] was detected as:  

1) a strong band at 35 kDa only in the SKO lane and 2) faint bands at 60 kDa in all the lanes; 13. 
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c-erbB2 was detected as a strong 186 kDa band only in the SKO lane; 14. HSP60 was detected 

as a very distinct ~59 kDa band of similar intensity in all lanes; 15. Multi-keratin was detected 

as major 42 kDa bands in the MCF, OVC, OVS, SNU lanes; 16. c-Myc was detected as a faint 

series of bands at 43.5 – 20 kDa in all but the MCF, OVS, SNU lanes; 17. MyD88 was detected 

as specific 32 kDa bands in the OVC and OVS lanes; 18. p53 was detected as bands at 53 and 43 

kDa in the ES2, OVC, TOV lanes and a 34 kDa band in the OVC lane; 19. Vimentin was 

detected as distinct 50 kDa bands in the A27, ES2, SKO, TOV, KUR, OVS lanes (most strong in 

the A27 and ES2 lanes); 20. E-cadherin was detected as 122 kDa bands of varying intensity 

among the 10 lanes (very faint in A27, TOV and KUR; 21. MeCP2 was detected as distinct 

~250 kDa bands in all but the ID8, SKO, and OVS lanes; 22. BRAC1-IRIS was detected as faint 

47 kDa bands in the A27, ES2, OVC, SKO, TOV, KUR, and SNU lanes. Lastly, β-Actin and 

GAPDH (routinely considered housekeeping gene products and thus used as positive control 

targets) were expressed in all the cell lines as 43kDa and 37kDa single bands, respectively.  

However, we did observe a degree of signal strength variability among the cell lines for both 

proteins (Table 3.2). 
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Table 3.1: A complete list of the antibodies used, their dilution, source, and the predicted 

vs. observed MW of their protein targets.  

S. No Antibody Manufactur
er 

Source Ab dil. Exp. MW  
(kDa) 

Obs. MW 
(kDa) 

1. β-actin (sc-69879) Santa Cruz mouse 1:1000 43 43 
2. GAPDH(sc-25778) Santa Cruz Rabbit 1:500 37 37 
3. ALDH1/2 (sc-50385) Santa Cruz Rabbit 1:500 52.6 None 

4. Androgen Receptor (sc-
815) 

 Santa Cruz Rabbit 1:500 110 47 

5. AUF1 (Upstate, 07-260) UPstate Rabbit 1:500 37,40,42,45 45-36 
6. BRCA1-IRIS ElShamy lab Rabbit 1:500 150 47 
7. Catenin, alpha (SC-7894) Santa Cruz Rabbit 1:500 102 None 
8. Catenin, beta (SC-7199) Santa Cruz Rabbit 1:500 92 50-87 
9. Catenin, p120 ,H-90(SC-

13957) 
Santa Cruz Rabbit 1:500 120 100-85 

10. CD24  Abgent Rabbit 1:1000 35-45 None 
11. CD29/Integrin β-1 (sc-

374429) 
CD29/ITGB-1 

Santa Cruz 
Aviva Sys 
Bio 

Mouse 
Rabbit 

1:1000 
1:1000 

138 
88 

None 
None 

12. CD31/PECAM1 Aviva Sys 
Bio 

Rabbit 1:500 82 None 

13. CD44  Origene Mouse 1:1000 86 None 
14. CD44/HCAM (sc-7297) Santa Cruz Mouse 1:1000 90-95 None 
15. CD44v6 R&D 

Systems 
Mouse 1:500 80-200 None 

16. C-kit/CD117 Santa Cruz Goat 1:500 120 None 
16. C-kit/CD117 Santa Cruz Rabbit 1:200 120 None 
17. CD90/Thy-1 (sc-53116) Santa Cruz Rabbit 1:500 25-37 None 

 CD90 Aviva Mouse 1:1000 18 None 

18. CD133  Mybiosourc
e 

Rabbit 1:1000 117 None 

19. CKR-4 (sc-377357) Santa Cruz Mouse 1:500 41 None 
20. Cox-2 ,M-19 (SC-1747) Santa Cruz Goat 1:500 70-74 68 
21 CXCR4 (ab2074) Abcam Rabbit 1:1000 39 45 

22 EGFRvIII AB Biotech Rabbit 1:200 70 None  
23 Epac1 (07-462) Upstate Rabbit 1:200 110 None 
24 EpCAM (C220A) Litvinov 

Lab 
Mouse 1:500 35-40 None 

25 Estrogen Receptor-α 
(C1355) 
Estrogen Receptor-α 
(HC20; sc-543) 

Upstate 
Santa Cruz 

Rabbit  
Rabbit  

1:1000 
1:500 

67 
66 

None 
75 

26 erbB2, c-/Neu/HER (Ab-
1) 

Neomarkers Rabbit 1:500 185 182 

27 Fusin [CXCR4] H118  Santa Cruz Rabbit 1:500 40-47 35 , 60 
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Table 3.1 (continued) 
28 GCNF (sc-66903) Santa Cruz Rabbit 1:500 60 None 
29 GDF-9 (sc-7407) Santa Cruz Goat 1:500 57 None 
30 Histone H1.0 Genetex Rabbit 1:2500 21 None 
31 Hox11 ,c-18 (sc-880) Santa Cruz Rabbit 1:500 40 None 
32 HSP60 (N-20; sc-1052) Santa Cruz Goat 1:500 60 58 

33 Jun, p-c- (phosphor-
ser63) 

Aviva Sys 
Bio 

Rabbit 1:500 36 None 

34 Keratin, multi (C-11) NeoMarkers Mouse 1:1000 40-70 42 

35 MBD1 (sc-10751) Santa Cruz Rabbit 1:200 80 None 

36 MeCP2 (sc-20700) Santa Cruz Rabbit 1:200 55/75 250 

37 Myc, c- Upstate Bio  Rabbit 1:500 67 43.5-20 

38 MyD88 
MyD88 (B-1; sc-136970) 
MyD88 (E-11; sc-74532) 

Abgent 
Santa Cruz 
Santa Cruz 

Rabbit 
Rabbit 
Mouse 

1:500 
1:1000 
1:1000 

33.2 
33 
33 

32 in 
OVC& 
OVS 
None 

39 NFkappaB [p65] (SC-
372) 

Santa Cruz Rabbit 1:500 65 None 

40 NFkappaB [p50] (SC-
7178) 

Santa Cruz Rabbit 1:500 50 117,82.5, 
71,48 

41 Nrf2 (sc-722) Santa Cruz Rabbit 1:500 57/100 61-20 
42 Occludin Zymed Rabbit 1:250 65 None 
43 Oct-3/4 (H-134; sc-9081) Santa Cruz Rabbit 1:500 3A:43-

50/3B:33 
None 

p53 (sc-6243) Santa Cruz Rabbit 1:500 53 53,43,34 
44 Palladin/PALLD (PT) Protein Tech Rabbit 1:1000 200,140,90-

92 
None 

45 PARP (NM,Ab-2) NeoMarkers Rabbit 1:500 116 None 

46 PCNA (Biomeda) Biomed Mouse 1:500 36 32 
47 Progesterone Receptor 

(86) 
T. Manninen 
lab 

Mouse 1:500 A-94,B-120 None 

48 Progesterone Receptor 
M410) 

Thermo Sci. Mouse 1:500 A-94,B-120 None 

49 p-PTEN (H-3) (sc-
377573) 

Santa Cruz Mouse 1:500 55 None 

50 SOX2 (BL) Bethyl Lab Rabbit 1:1000 42 None 
51 Sp1/PEP-2 (SC-59) Santa Cruz Rabbit 1:500 95,106 91,31 
52 TR4 (M-96) (SC-9086) Santa Cruz Rabbit 1:500 67 None 
53 Tubulin, beta (AC008) Neo Bio Lab Rabbit 1:1000 55 None 

Tubulin, beta (NM-9429) NeoMarkers Rabbit 1:1000 55 None 
54 VEGF (SC-507) Santa Cruz Rabbit 1:500 13,18,21 None 
55 Vimentin (clone V9 ) Thermo Sci. Mouse 1:2500 57-60 50 
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Table 3.1 (continued) 
56 ZEB1/Zfhep Darling Lab) Darling Lab Rabbit 1:1000 180-185 None 
57 IRF1 (C-20) Santa Cruz Rabbit 1:500 50 None 
58 E-cadherin (C20820) Transductio

n Lab 
Mouse 1:500 Precursor-

132;Mature-
120/80 

122 

NS: non-specific; Ab: Antibody; dil.: Dilution; Exp.: Expected; MW: Molecular 
  Weight; Obs.: Observed; kDa: Kilo Dalton 

Table 3.2: A list of the antibodies showing differential expression of CSC and other gene 
markers in IB analysis.  

Ab Exp.
MW(
kDa) 

Obs. 
MW 
(Kda) 

M
CF 

ID
8 

A27 ES
2 

OV
C 

SKO TO
V 

KUR OVS SNU 

SP1 91 91 ++
++ 

- +++
+ 

++
++ 

+++
+ 

++++ +++
+ 

++++ ++++ ++++ 

P120 120 100-
85 

++ ++
+ 

+ + + +++ + - ++ + 

P50 50 117-
48 

++ - + + + + + + + - 

AUF1 37-45 36-45 - - + - - + + + ++ - 
ERα 66 75 + + + + + + + + - + 
Nrf-2 57/100 61-20 ++ ++ + - ++ +++ ++ - ++ + 
PCNA 36 32 ++ ++ +++ ++ ++ +++ +++ +++ ++ +++ 
AR 110 47 - - - + + +++ - + - - 
β-cat 92 50-87 ++ ++ ++ ++ +++ ++ +++ - ++ ++ 
Cox-2 70-74 68 + ++

++ 
- - - - - - - - 

CXCR4 39 45 + ++ + + + + + + + + 
Fusin 40-47 35- 

60 
+ - ++ + ++ + + - + + 

erb-2 185 182 - - - - - ++++ - - - - 
HSP60 60 58 ++

++ 
++
++ 

+++
+ 

++
++ 

+++
+ 

++++ +++
+ 

++++ ++++ ++++ 

Multi 
keratin 

40-70 42 ++
++ 

-- - - +++
+ 

- - - ++ ++ 

c-Myc 67 43.5-
20 

+ ++ ++ ++ ++ ++ ++ ++ - + 

MyD88 33.2 32 - - - ++ - - - - ++ - 
p53 53 53,43,

34 
- ++ - ++ ++ + ++ + - + 

Vime- 
ntin 

57-60 50 - - +++
+ 

++
++ 

- - ++ ++ ++ - 
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Table 3.2 (continued) 
E-cadh 120 122 ++

+ 
++
+ 

- + ++ ++ - - ++ +++ 

MeCP2 55/75 250 ++
+ 

- ++ ++
+ 

+++ + +++
+ 

++++ - +++ 

BRCA1- 
IRIS 

150 47 - - + + + + + + - + 

GAPDH 37 37 ++
++ 

++
++ 

+++
+ 

++
++ 

+++
+ 

++++ +++
+ 

++++ + ++++ 

Β-actin 43 43 ++
++ 

++
++ 

+++
+ 

++
++ 

++ + +++ ++++ ++ ++ 

Ab: Antibody; Exp.: Expected; MW: Molecular Weight; Obs.: Observed; kDa: 
KiloDalton; ++++= highest intensity; += lowest intensity; - = no signal. 

3.3 Determination of the sub-cellular expression and localization of stem-cell markers 

(CSCs) and regulatory gene-markers using Immunohistochemical analysis: 

Immunohistochemistry (IHC) is a technique that reveals the subcellular location and level of 

expression of a particular protein in a tissue or cell. I performed IHC analysis only on the eight 

human ovarian cancer cell lines (excluding the MCF-7 human breast cancer cell line and the ID8 

murine ovarian cancer cell line) that could all be accommodated on a single 8-chamber slide. To 

study the subcellular localization of 22 selected CSC-markers and other gene-marker proteins, I 

performed positive and negative control analyses on two representative cell lines (KUR for 

HGSOC and TOV for non-HGSOC cell line). They included the three house-keeping gene 

products GAPDH, β-Actin, and β-Tubulin in the presence and absence of the primary and 

secondary antibodies, ABC, and DAB reagents to optimize/standardize the reaction conditions 

and check fidelity of the reagents. I then conducted experimental IHC analyses with 22 selected 

antibodies (listed in Table 3.2). The bases for that antibody selection was:  1. its performance in 

IB analyses; 2. consideration of its possible role in ovarian and other epithelial cancers based on 

published reports; and 3. its availability in our antibody collection. For both the control and 

experimental IHC analyses, all the images shown were captured at 20X magnification. 
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Table 3.3: List of antibodies used in the IHC analyses, dilution employed, and expression 

pattern of their target proteins in the human HGSOC and non-HGSOC cells. 

S.n
o 

Ab Dil. Names of the cell-lines , localization and expression pattern of 
protein 

   A27 ES2 OVC SK
O 

TOV KUR OVS SNU 

1. HSP60 1:200 
   
 
 

(+) 
Dis/ 
pun/ 
cyt 

(+) 
Dis 

/pun/ 
cyt 

(+) 
Dis 
/pun 
/cyt 

(+) 
Dis 

/pun/ 
cyt 

(+) 
Dis/ 
pun/ 
cyt 

(+) 
Dis/ 
pun/ 
cyt 

(+) 
Dis/ 
pun/ 
cyt 

(+) 
Dis/ 
pun/ 
cyt 

2. ERα 1:200 - - - - - - - - 
3. AUF-1 1:1000 - - - - - - - - 
4. Nrf-2 1:100 (+) 

Cyt 
(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

5. p-120-
catenin 

1:200 (+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

6. p53 1:200 (+) 
Va/
Bot
h 

- (+) 
Va/cyt 

- (+) 
Uni/D
is/ 
Nu 

(+) 
Va/cy
t 
 

- (+) 
Va/both 

7. NF-κB 
[P50] 

1:200 (+) 
Va/
Cyt 

(+) 
uni 

- (+) 
Wea
k/ 
Cyt 

(+) 
Uni/p
un 

(+) 
Uni/C
yt 

(+) 
Va/Cyt 

- 

 
8 
 

 
PCNA 

 
1:200 

(+) 
Va/
Nu 

(+) 
Uni/pu
n/cyt 

(+) 
Va/pun/
cyt 

- 
 

(+) 
Uni/P
un/bo
th 

(+) 
Va/bo
th 

(+) 
Va/Bot
h 

(+) 
Uni/Diff
/Cyt/star 

9 CD24 1:200 - - - - - - - - 

10 ALDH1/
2 

1:200 (+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

11. α-cat 1:1000 - - - - - - - - 
12 β-cat 1:1000 - - - - - + - - 

13 E-cadh- 
erin 

1:250 - - (+) 
 
Cyt 

- - - (+) 
Cyt 

(+) 
Cyt 
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Nu = nuclear; Cyt = cytoplasmic; Both = cytoplasmic and nuclear; Dis = distinct; 
L=light; Va = variable; (+) = positive; (-) = negative; Dis/agg= distinct aggregate; Diff= 
diffuse: pun= punctate. Except ALDH1/2, no CSC-maker was seen to be expressed at 
sub-cellular levels of all the eight cell-lines.         
Details about the IHC analysis are presented in Table 3.3  

GADPH or Glyceraldehyde-3-phosphate dehydrogenase is a “housekeeping” enzyme 

that catalyzes the reversible oxidative phosphorylation of glyceraldehyde-3-phosphate in 

glycolysis. It also plays a role in transcription regulation and apoptosis. I observed uniform 

cytoplasmic staining of both KUR and TOV cell-lines as well as a 37 kDa band in all the ten 

cell-lines in Western blots, as expected (Figures 3.3 and 3.4A-B). 

Table 3.3 (continued) 
14 EpCAM 

220A 
1:200 - - - - - - - (+) 

Cyt/me
mbrane 

15 VEGF 1:200 (+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Dis.
aggr 

(+) 
Cyt 

(+) 
Cyt 

(+) 
Cyt 

- 

16. Fusin
CXCR4 

1:200 (+) 
Va 

(+) 
Uni/c
yt 

(+) 
Va 

(+) 
Dis. 
agg 

(+) 
Va 

(+) 
Uni/c
yt 

(+) 
Uni/cy
t 

(+) 
Va 

17 p-c-Jun 1:100 (+) 
Va/
L 

(+) 
Va/L 

(+) 
Va/L 

(+) 
Va/L 

(+) 
Va/L 

(+) 
Va/L 

(+) 
Va/L 

(+) 
Va/L 

18 c-kit 1:200 - - - - - - - - 
19 Hox11 1:200 (+) 

Va/
cyt 

(+) 
Va/cy
t 

(+) 
Va/cyt 

(+) 
Va/c
yt 

(+) 
Va/cy
t 

(+) 
Va/cy
t 

(+) 
Va/cyt 

(+) 
Va/cyt 

20. PR 1:100 (+) 
L/cy
t 

(+) 
L/cyt 

- - (+) 
L/cyt 

(+) 
Cyt 

(+) 
L/cyt 

- 

21 SP1 1:500 (+) 
Dis/c
yt 

(+) 
Dis/cyt 

(+) 
Dis/cyt 

(+) 
Dis/c
yt 

(+) 
Dis/cyt 

(+) 
Both 

(+) 
Dis/cyt 

(+) 
Dis/cyt 

22 CD29/ 
Integrin 

1:250 - - - - - - - - 
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 β-Actin is a cytoskeletal protein isoform that is expressed across the cellular types. Its 

highly conserved nature and general expression in eukaryotic cells makes it a good positive 

control target. I observed very distinct (and evenly distributed) cytoplasmic signal in both cell 

lines and a 43kDa specific band in Western blots for all ten cell-lines. (Figures 3.3 and 3.4C-D) 

 β-Tubulin forms microtubule filaments of the cytoskeleton in all cells and thus is 

another good positive control target.  While I did observe very distinct cytoplasmic signals in 

both KUR and TOV cells (Figure 3.4E-F), the antibody did not generate any signal bands in 

my IB analyses. 

 HSP60 or Heat shock protein 60 is a chaperone that assists the transportation and 

refolding of proteins from the cytoplasm to mitochondria. I observed very distinct punctate 

cytoplasmic signals in all eight cell lines (Figure 3.5). I also observed distinct bands at 58 kDa in 

all the lanes of my IB analyses while the expected MW was 60 kDa (Figure 3.3). 

 Nrf-2 or Nuclear factor erythroid-2-related factor (Nrf2) is a regulator of cellular 

resistance to oxidizing agents that binds to antioxidant response elements (ARE) to regulate 

detoxification enzymes and oxidative stress response genes. I observed strong but variable 

cytoplasmic expression of Nrf-2 in the eight cell lines (Figure 3.6). In IBs, I observed a set of 

four bands at 61-54,44,27 and 20kDa in MCF, ID8, A27, OVC, SKO, OVS AND SNU lanes 

while the expected MW is 57/100 kDa (Figure 3.3). 

 p-120 Catenin belongs to the family of cadherin juxta-membrane-associated proteins that 

helps suppress cadherin endocytosis. Its expression was positive and cytoplasmic in all the cell-

lines but of variable intensity (Figure 3.7). In IBs, I observed a set of 100-85 kDa bands in MCF, 

ID8, A27, ES2, SKO, TOV and OVS while the expected MW is 120 kDa (Figure 3.3). 
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         p53 is a DNA binding, oligomerization domain, and transcription activation domain-

containing tumor suppressor that is up-regulated in growth arrest and apoptosis related gene 

responses to stress signals. It localizes in cytoplasm and controls other cellular pathways like 

programmed cell death, cell differentiation, and cell-cycle control. In IHC analysis, I observed a 

variable pattern of cytoplasmic and nuclear signals in A27, OVC, KUR, and SNU cells but no 

clear signal in SKO, OVS, and ES2 cells (Figure 3.8). In IB analysis, I observed 53, 43, and 34 

kDa bands while the expected MW is 53 kDa (Figure 3.3). 

  NF-κB is an ubiquitously expressed transcription factor that is responsible for 

inflammatory responses in cellular proliferation, migration and apoptosis [125]. For p50 NF-κB 

or NF-κB1, my IHC analysis generated the cell line-specific results.  1. A27: a variable pattern of 

cytoplasmic signals; 2. ES2: a uniform pattern of cytoplasmic signals; 3. OVC: no clear signals; 

4. SKO: weak cytoplasmic signals; 5. TOV: a uniform pattern of punctate cytoplasmic signals; 6. 

KUR: a uniform pattern of cytoplasmic signals; 7. OVS: a variable pattern of cytoplasmic 

signals; 8. SNU: no clear signals (Figure 3.9). In IB analyses, I observed a set of four single and 

double bands (variable intensity between the double bands and among lanes) at 117, 82.5, 71, 

and 48 kDa mostly in the non-HGSOC cell-lines (prominent multiple bands in ID8, SKO and 

OVS) and KUR while the expected MW is 50 kDa (Figure 3.3).  

 PCNA, the proliferating cell nuclear antigen (PCNA) is a protein synthesized in early G1 

and S phases of the cell cycle that controls cell cycle progression, replication and repair of DNA. 

In IHC analysis, my observations are as follows. 1. A27: Variable pattern of distinct nuclear 

signals; 2. ES2 and TOV: Uniform pattern of punctate cytoplasmic signals; 3. OVC: Variable 

pattern of punctate cytoplasmic signals; 4. SKO: No clear signals; 5. KUR and OVS: Somewhat 

variable pattern of cytoplasmic and nuclear signals; 6. SNU: Uniform pattern of diffuse 
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cytoplasmic signal and distinct intranuclear “star” signals (Figure 3.10). In IB analysis, I 

observed a characteristic band at 32kDa in all the ten cell lines while the expected MW is 36 kDa 

(Figure 3.3) 

 ALDH1 is one of the most studied, prognosis-relevant CSC-markers for ovarian cancer 

and a mediator of NADP+-dependent oxidation of aldehydes, metabolism of corticosteroids, 

biogenic amines and neurotransmitters, and lipid peroxidation. In IHC analysis, we detected it in 

all the cell lines but its cytoplasmic expression level was variable among them (Figure 3.11).  

However, our IB analyses detected no specific signal bands. 

 β-Catenin is a dual purpose protein that regulates gene transcription and cell to cell 

adhesion. It is associated with the cytoplasmic aspect of E-cadherin and controls its adhesion 

properties. In IHC analysis, it was detected in the cytoplasm only of KUR cells (Figure 3.12) 

whereas my IB analyses detected a complex set of bands at 50-87 kDa (darkest at 87 kDa) in all 

lanes (but very light in the KUR lane) and its expected MW is 55 kDa). 

 E-Cadherin is a type of Ca2+-dependent adhesion molecule that regulates cell-cell binding 

to maintain tissue structure and morphogenesis. My IHC analysis of E-cadherin expression 

detected no clear positive signals in A27, ES2, SKO, TOV and KUR cells but did detect clear 

positive cytoplasmic/membrane signals in OVC, OVS, and SNU cells (Figure 3.13) In IB 

analysis, I found a characteristic 122 kDa band in ES2, OVC, SKO, OVS and SNU lines while 

the expected MW is 120/80 kDa for mature E-cadherin (Figure 3.3). 

       EpCAM, the epithelial cell adhesion molecule Ep-CAM or tumor-associated calcium signal 

transducer 1, is a monomeric membrane glycoprotein that is expressed in high level in epithelial 

cancer and at lower levels in normal human epithelia. In my study, I observed no clear positive 

signals in A27, ES2, OVC, SKO, TOV, OVS, and KUR cells but did detect clear positive 



51 

 

cytoplasmic/membrane signals in SNU cells (Figure 3.14). In IB analysis, I found a distinct 114 

kDa band in ID8 lane and 86 kDa bands (possibly non-specific) in the A27 and TOV lanes while 

its expected MW is 35-40 kDa (Figure 3.3). 

  VEGF is a dimeric glycoprotein and primary tumor angiogenesis marker [108]. In IHC 

analysis, I found:  1. Clear positive cytoplasmic signals in A27, ES2, OVC, TOV, OVS, and 

KUR cells; 2. Distinctive “aggregate” positive signals among SKO cells; and 3. No clear signal 

in SNU cells (Figure 3.15).  However, that does not correspond with my IB analyses that did not 

detect expected signal bands at 13, 18, 21 kDa in any of the ten cell lines. 

 Fusin [CXCR-4], the C-X-C or chemokine family includes G-protein-coupled receptors 

that are unregulated in cancers [22]. My IHC analysis of the eight ovarian cancer cell-lines 

found: 1. Variable positive cytoplasmic signals in A27, OVC, TOV, SNU and KUR cells; 2. 

Uniform positive cytoplasmic signals in ES2 and OVS cells; and 3. Distinctive “aggregate” 

positive signals among SKO cells (Figure 3.16). In IB analysis I detected strong bands at 35 kDa 

only in the SKO lane and faint bands at 60 kDa in all the lanes while the expected MW is 40-47 

kDa). 

 p-c-Jun is a component of AP1 early response transcription factor and is phosphorylated 

at ser 63. In IHC analysis, I observed light (and somewhat variable) cytoplasmic signals in all the 

cell lines (Figure 3.17). Surprisingly, I did not detect any specific bands in IB analyses. 

     Hox11, also known as orphan homeobox protein controls embryonic development and 

cellular differentiation by regulating down-stream targets. In IHC analysis, I observed 

cytoplasmic (but somewhat variable) signals in all cell lines (Figure 3.18). Surprisingly I did not 

detect any bands at the expected MW of 40 kDa in my IB analyses. 
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 Progesterone Receptor (PR) is a nuclear receptor that is expressed as two functionally 

different isoforms, PR-A and PR-B that are activated by the steroid ligand progesterone. In IHC 

analysis, I detected light cytoplasmic signals only in A27, ES2, TOV, OVS and KUR cells 

(Figure 3.19) whereas no specific bands were detected in my IB analyses. 

           Specific Protein/SP1 is a sequence-specific transcription factor that recognizes the 

GGGGCGGGGC sequence. It is also regarded as a universal transcription factor that regulates 

many cellular processes like cell differentiation, cell growth, apoptosis, immune responses, 

response to DNA damage, and chromatin remodeling. In IHC analysis, I observed distinct 

cytoplasmic signals in all eight ovarian cancer cell-lines (Figure 3.20) and corresponds to the IB 

observation of specific 91kDa major and 31kDa minor bands in all eight ovarian cancer cell lines 

and MCF-7 cell lines (Figure 3.3). 

 

 

 

https://en.wikipedia.org/wiki/Apoptosis
https://en.wikipedia.org/wiki/Chromatin_remodeling
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Figure 3.4A: PFA-fixed KUR cells probed 
with GAPDH Ab (1:1000) 

 

Figure 3.4C: PFA-fixed KUR cells probed 
with β-Actin Ab (1:200)  

Figure 3.4D: PFA-fixed TOV cells with β-
Actin Ab (1:200)  

Figure 3.4E: PFA-fixed KUR cells probed 
with β-Tubulin Ab (1:200)  

Figure 3.4F: PFA-fixed TOV cells probed 
with β-Tubulin Ab (1:200)  

KUR 

Figure 3.4B: PFA-fixed TOV cells probed 
with  GAPDH Ab (1:1000)  
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Figure 3.5:Immunohistochemical staining of indicated cell lines probed with HSP60 Ab 
(1:200) 
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Figure 3.6:Immunohistochemical staining of indicated cell lines with Nrf-2 Ab (1:100)  
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Figure 3.7:Immunohistochemical staining of indicated cell lines with p-120-Catenin Ab 
(1:200) 
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Figure 3.8:Immunohistochemical staining of indicated cell lines with p53 Ab (1:200) 
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Figure 3.9:Immunohistochemical staining of indicated cell lines probed with NF-κB[p50] 

(1:200) 
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Figure 3.10: Immunohistochemical staining of indicated cell lines probed with PCNA Ab 
(1:200) 
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Figure 3.11: Immunohistochemical staining of indicated cell lines probed with ALDH1/2 
Ab (1:200). 
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Figure 3.12: Immunohistochemical staining of indicated cell lines probed with β-
catenin Ab (1:1,000) 
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Figure 3.13:Immunohistochemical staining of indicated cell lines with E-cadherin Ab 
(1:250) 
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Figure 3.14:Immunohistochemical staining of indicated cell lines with EpCAM (C220A) 
Ab (1:200) 
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Figure 3.15: Immunohistochemical staining of indicated cell lines probed with  VEGF  Ab 
(1:200) 
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Figure 3.16: Immunohistochemical staining of indicated cell lines probed with Fusin 
(CXCR4) Ab (1:200)  
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Figure 3.17: Immunohistochemical staining of indicated cell lines probed with with p-c-Jun 
Ab (1:200) 
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Figure 3.18: Immunohistochemical staining of indicated cell lines probed with Hox11 Ab 

(1:200) 
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         Figure 3.19: Immunohistochemical staining of indicated cell lines probed with PR(86) Ab 
(1:1,00) 
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Figure 3.20: Immunohistochemical staining of indicated cell lines probed with Sp1 Ab 
(1:500) 
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CHAPTER 4 

DISCUSSION 

 Ovarian cancer (OC) exhibits the poorest prognosis plus the worst overall and disease-

free survival periods among all gynecological cancers. Studies are now identifying, evaluating, 

and validating prognostic and diagnostic markers that can guide successful treatment decisions 

and clinical follow-up procedures. To provide better treatment, it is imperative to diagnose 

metastatic ovarian tumors at early stages using biomarkers or indicators but that is hampered by 

the disease’s heterogeneity. In other words, different subtypes of Ovca exhibit diverse etiologies 

due to the dysfunction of different molecular pathways and thereby disqualify the possibility of 

identifying a single prognostic marker [126]. Other problems are drug-resistance and disease 

recurrence due to the presence of CSCs in the tumor’s microenvironment. Overall, high-

throughput proteomic and genomic technologies are currently used to improve biomarker 

development that can enhance current clinical practices but those efforts require further new 

approaches. 

 My research focused on the expression of an array of CSC and other gene marker 

proteins in a number of cancer cell lines.  This involved generating continuous cultures of 

different subtypes of OC. I did observe different patterns of growth among those subtypes 

visually and due to time constraint I focused on measuring total protein to perform IB to see 

differential expression profiles of cell lines. In the three HGSOC cell-lines (KUR, OVS, and 

SNU), SNU grew the slowest and, surprisingly, its growth rate was slower than that for all the 

non-HGSOC cell-lines. The A27 and TOV lines grew the fastest among all the non-HGSOC 

cell-lines. Also surprisingly, the KUR cells grew very slow on the glass surface of the chamber-
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slides. It took several attempts to determine and optimize the number of cells per slide to be 

plated and the time-interval between cell culture initiation and final PFA-fixation. These two 

steps involved generating a monolayer of cells that attached to the glass surface and maintained a 

normal morphology. We decided that cells needed 24-36 hours to attach properly before PFA-

fixation and that all the cell-lines used for IHC analyses must be at the same confluency stage.  

 Regarding IB analyses, the main considerations were:  1) optimization of total protein 

extraction; 2) selection of the protein measurement technique suitable for all cell lines; and 3) 

optimization of total protein loading levels per lane of the gel. I initially harvested cells with TE 

buffer (pH 7.5) followed by sonication for 2-3 s three times but, due to low yields of total 

protein, I then used TE buffer and sonication with RIPA (pH 7.0) buffer followed by vigorous 

vortexing to lyse the cell-membranes. The Bio-Rad modified Lowry method of protein 

estimation was selected due to its sensitivity and user-friendly characteristics. I used chicken 

liver extract as an internal control to optimize the procedure. Choice of the amount of total 

protein per lane to be loaded was based on published reports and we observed that 40 µg of total 

protein per lane ran for overnight separation at 40V yielded good results for both total protein 

separation and IB analyses. 

 For the IB procedure, I analyzed the proteomic profile for over 50 antibody targets to 

assess sub-group specific indicators of ovarian cancer. My initial project objective was the 

proteomic expression pattern of a number of CSC-markers on different subtypes of Ovca but 

none of them (for the target proteins CD44, CD133, CD117, ALDH, MyD88, CD24, CD29, and 

CD90) generated any positive results except that for MyD88. That one (MyD88; Abgent) 

generated specific bands only in OVC and OVS cell extracts but that result was not replicated 

with another anti-MyD88 antibody source.  This observation may be explained by source of the 
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antibody, its monoclonal vs polyclonal nature, specificity of the secondary antibody, or 

sensitivity of the final detection system used.  Similar irreproducibility events happened with 

some other antibodies and so are not shown here. Most of the CSC makers were selected based 

on published reports but, as indicated above, those results were not all replicated in the analyses I 

performed.  In fact, lack of proper validation of antibodies prior to their use and thus 

irreproducibility of preclinical trial data is currently a significant problem. A group at Amgen 

reported that, out of 53 published landmark papers in oncology, only 6 of them (11%) could be 

replicated. Obviously there is a great need for a very robust, reproducible, pre-clinical biomarker 

trial protocol that considers the heterogeneity of tumors and patients and can stand the test of 

clinical trials for new drugs [127].  

 In the next phase of my IB analyses, I targeted a number of non-stem cell gene markers 

(Table 3.1). Of the ~20 positive results for AR, BRAC1-IRIS, MeCP-2, c-Myc, and Vimentin, I 

detected specific bands of very different observed MW than expected and that may be explained 

by the presence of different isoforms of proteins in ovarian cancer (Figure 3.3). For β-catenin, p-

120-catenin, p50 and Nrf-2, I observed sets of bands at 50-87 kDa, 100-85 kDa, 117-48 kDa and 

61-20 kDa whereas the expected MW were 92, 120, 50 and 57/100 kDa respectively. This could 

again be explained by the presence of many isoforms of the proteins in genetically diverse cell-

lines due to dysregulation of many cellular pathways. Another significant finding was a 

prominent 250 kDa band of MeCP2 (methyl CpG binding protein 2 that regulates chromatin 

structure and may play a role in cancer development) in the human cancer cell-lines but not the 

murine ID8 cell line where its expected MW is 55/75 kDa. The possible explanation of that 

observation is the presence of pre-mature or unprocessed MeCP-2 protein in ovarian cancer.               

Another possibility is that manufacturers usually use recombinant or purified proteins to generate 



73 

 

target specificity but total protein extracts from a heterogeneous tumor environment may exhibit 

many targets for a specific Ab [128]. Overall, the IB analysis showed that no single gene marker 

was specific for HGSOC.  In other words, many of the markers showed expression in both 

HGSOC and non-HGSOC indicating dysregulation of similar pathways in genetically dissimilar 

sub-types. A few biomarkers were present in two of three HGSOC cell-lines as well as other 

non-HGSOC cell-lines which again indicated that even within a HGSOC subgroup, there exists 

different tumor-types. This observation raised the question of if it possible to identify HGSOC-

specific biomarkers in high-grade serous cancer patients in early stages and do we need a better 

stratification system for HGSOC subtypes or do we need to reconsider the classification system 

to cover more tumor types?  This can be an extension of my study in primary tumors isolated 

from patients. Another part of future studies could be the quantification of marker proteins by 

MS or other techniques.  

 Another IB analysis complication I noticed was generation of a non-specific band around 

75 kDa for all the antibodies of rabbit-origin but no such signal band generation with any of the 

other antibody species types. Using PTM for an hour in RT followed by 5X PBST wash did not 

solve the problem so most of the membranes exhibited a specific band around ~75 kDa along 

with specific bands. This phenomenon interfered with NFκB, p65 antibody detection where we 

found a pair of bands around 71 and 68 kDa close to the non-specific bands.  

 IHC is a sensitive and versatile technique that provides cyto- and chemo-architecture 

information about tissues and cells. The basis of the technique relies on the affinity and 

selectivity of an Ab to a particular Ag in the cell but again needs extra precautions to avoid false 

positive results. False positive results are eliminated by performing both positive and negative 

control experiments [129]. In the absence of effective reported protocols for cell-based IHC 
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specifically that for chambered slides, it took several months to generate successful control 

results. The KUR and TOV cells were chosen for control experiments based on their fast growth 

and positive responses to GADPH and β-actin antibody probing in IB analyses. My IHC data 

indicated that, for all three housekeeping proteins (GADPH, β-actin, and β-tubulin), variable but 

positive cytoplasmic signals were detected in all cases. GADPH was detected at similar 

intensities for both cell-lines, β-actin was detected as stronger cytoplasmic signals in KUR than 

TOV cells, and β-tubulin showed stronger cytoplasmic signal in TOV than KUR cells. 

Surprisingly, β-tubulin that showed only some non-specific bands in IB was detected as positive 

cytoplasmic signals in IHC. Antibodies that were validated in IB were tested for IHC along with 

four CSC-markers, namely ALDH1/2, CD24, c-kit, and CD29, to see if differential distribution 

of those antibody targets occurred in sub-cellular spaces of the eight human Ovca cell lines. 

Surprisingly, AUF-1 and β-catenin were expressed as very faint bands in KUR cells by IB but no 

signal for AUF-1 and uniform cytoplasmic signal of β-catenin was detected only in KUR cells, 

respectively. ER-α was detected in all of the cell lines by IB but no signal was detected in any of 

the cell lines by IHC. No signal sometimes can be a false negative result due to methodological 

reasons [130]. As IB and IHC processes or denatures proteins in different ways, the target-

binding to an Ab can differ between the procedures [128].  Sometimes, the specificity of IB and 

IHC also depends on how the Ab was made and structure of the Ag used to raise the antibody 

[129].  

 HSP60 was detected by both IB and IHC in all human ovarian cancer cell lines. In IHC, I 

noticed no variation of cellular distribution pattern among the cell lines. Overexpression of 

HSP60 in advanced serous ovarian carcinoma is linked with poor overall survival and poor 

response to platinum drugs [131]. My IHC data does not support the fact that HSP60 is 
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upregulated in HGSOC. It can be a good prognostic marker for treatment response but not a 

promising marker for early detection of HGSOC. The Nrf-2 protein, another poor predictor of 

ovarian cancer that plays a dual role to both protect cells from cancer and resist chemotherapy, 

had the strongest signals in A27 and ES2 cell lines. In HGSOCs, SNU had weakest signal for 

Nrf-2 expression.  

 In general, IHC and IB data did not differentiate HGSOC from non-HGSOC cell lines. 

For p-120, there was a variation in staining pattern across the cell lines and HGSOCs exhibited 

stronger signals of p-120 than the non-HGSOCs, except that ES2 and SKO showed the weakest 

signals of all. It is reported that p120 regulates the function of E-cadherin and if E-cadherin 

activity is lost in cancer then p120 acts as pro-tumorigenic molecule [132]. Looking at the IHC 

data, p-120 seemed a possible indicator of HGSOC but the IB results did not corroborate that. 

So, more studies are needed to establish the role of p120 in Ovca. p53 is a known tumor 

suppressor gene that is over-expressed in serous EOC. Its overexpression leads to poor overall 

survival, reduced progression free survival, and high grade tumors [133]. The SNU, TOV, and 

A27 cells showed stronger signal than the other cell-lines and OVS showed no expression of 

p53. On the contrary, IB detected no expression of p53 in A27 cells. Finally, the IHC data does 

not correlate with IB observations and cannot determine if p53 is a reliable biomarker. 

Overexpression of p50 is associated with ovarian carcinomas and accounts for the 

ineffectiveness of tumor-associated macrophages (TAM) to inhibit the growth of tumors [134] 

[135]. The TOV, KUR, and A27 cells exhibited stronger expression of p50 than the other cell 

lines.  The OVS and ES2 cells exhibited mild to moderate expression of the p50 protein but that 

the signal was not consistent for a specific sub-group. Of the five CSC-markers, only ALDH1/2 

exhibited a prominent cytoplasmic signal in all the cell lines and that is perplexing because the 
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IB analysis generated negative results for all the cell-lines. Except for EpCAM, the other three 

CSC-biomarkers yielded similar negative results. EpCAM (C220A) is a cell surface glycoprotein 

that is expressed in different carcinomas. It is a promising therapeutic target for antibody-based 

therapy but its role in cancer is largely obscure [136]. Increased EpCAM is associated with poor 

survival and recurrence in some ovarian carcinomas [137].  In my analyses, the EpCAM Ab 

generated some probably non-specific 110kDa bands in IB analyses and no clear signals in any 

of the human Ovca cell lines except SNU.  Perhaps these inconclusive results indicate that there 

is an urgent need of more cell-lines and animal models to establish the role of these proposed 

marker proteins.  Similarly perplexing results observed for HOX11 and PR indicates that, due to 

different antigen processing in IB and IHC, discrepancies must be corroborated by more robust 

and sensitive techniques like flow cytometry and MS. 

 In conclusion, this report presents a proteomic profile of differential biomarker 

expression in an array of tumor cell-lines at the whole cell and sub-cellular levels. While 

published reports commonly deal with one or two representative cell-lines to establish the role of 

a molecular target/targets, my study utilized eight human ovarian cancer cell lines and 

demonstrated that one target expressed in a given cell line of a sub-group is not necessarily 

expressed in other members of same sub-group and vice versa. Thus, to evaluate the potential 

role of a target or biomarker in a subtype of ovarian cancer, we need to test the target in many 

representative cell-lines of a sub-group before deducing its role in cancer. Another finding is that 

we need stringent validation of antibodies before usage to yield reliable results in IB and IHC 

analyses. Finally, an important conclusion of my study is that no single marker can yet define the 

prognosis of HGSOC or non-HGSOCs. Also, because HGSOC is poorly defined and more 



77 

 

diverse than non-HGSOC, we probably need more and better representative HGSOC cell-lines to 

establish good indicators of early stage of carcinomas. 
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CHAPTER 5 

SUMMARY AND CONCLUSION 

 Epithelial Ovarian Cancer is a life-threatening disease in women. The two main 

challenges in the spheres of prognosis and treatment are absence of a promising prognostic 

indicator for its early detection and its heterogeneous nature due to the presence of CSCs in a 

tumor microenvironment. Upregulation of CSC-marker proteins may be responsible for poor 

treatment outcomes and platinum-resistance in advanced carcinoma patients. To investigate part 

of the problem of late detection of the disease, I aimed to profile potential differential expression 

of various CSC and regulatory gene-markers in five non-HGSOC and three recently established 

HGSOC cell lines and determine if the pattern can be correlated with the type of ovarian cancer 

like highly aggressive vs non-aggressive types.  To study the biomarker expression profile in 

HGSOC and non-HGSOC cell lines at whole-cell and subcellular levels, I established cultures of 

three new high-grade ovarian cancer cell-lines KUR, OVS and SNU and some non-HGSOCs 

including one breast cancer cell line (MCF7) and one murine ovarian cancer cell line (ID8). 

Next, from those cell lines I standardized the total protein extraction, estimation of total protein 

in each cell extract and amount of the total protein to be loaded per lane in a gradient gel, 

determination of the number of cells per chamber to be used in immunostaining, and optimum 

growth-condition of cells in chambers. Finally, my hypothesis was tested by assessing the 

expression profile of biomarker proteins in whole cell and subcellular levels in all the cell-lines 

using a collection of antibodies at different dilutions via IB and IHC. I found that each cell line 

was unique in regard to protein expression profile at the cellular and sub-cellular level. However, 

no biomarker I tested was a HGSOC-specific indicator or a non-HGSOC-specific indicator. 

Thus, while my study indicated that there is a marked variation in protein expression level both 
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quantitatively and qualitatively among the cancer cell lines, it did not define a particular marker 

that definitively distinguishes between HGSOC and non-HGSOC cells or tumor tissues. 
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CHAPTER 6 

FUTURE DIRECTIONS  

 Proteomic profiling of different subtypes of epithelial ovarian cancer-derived cell lines in 

the current project forms the basis of determining the subtype-specific and early detection 

biomarkers for ovarian cancer patients, especially for those that show vague or no symptoms of 

malignancy in initial stages. Despite extensive efforts over many years, reliably sensitive and 

specific bio-markers for ovarian cancer are not yet available [138]. With the advent of proteomic 

tools like LC-MS/MS, MALDI, SELDI, protein-chips, tissue array, and free flow 

electrophoresis, the possibility of studying functional aspects of any biomarker expressed even in 

very small amount (often undetected by traditional IB and IHC) in cells and its structure-function 

relationship in any cancer has increased immensely and that will help characterize the modified 

or unmodified proteins related to cancer progression. As an extension of the current work, the 

biomarkers which were tested positive for most of HGSOC cell-lines in both IB and IHC can be 

investigated further to quantify their amount and to study their structural and functional changes 

due to cancer pathogenesis. Another future aspect of my study can possibly be exploited in 

animal models like the hamster-cheek pouch system to study the in vivo expression of protein 

markers and how or if their expression varies within HGSOC cell-lines. Such future studies 

along with my current report may help determine if HGSOC tumors absolutely need individual-

specific biomarker/s to detect them early or if stratifications within HGSOC sub-groups will 

improve the clinical prognosis and diagnosis of aggressive cancers. 
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