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ABSTRACT
Ovarian cancer, commonly arises from the surface epithelium, remains the fifth common cause
of cancer death in women and the most lethal of gynecological cancers. One reason for such
lethality is that the disease is seldom diagnosed before it progresses to the fully malignant state
(invasive and/or metastatic). Secondly, the majority of ovarian cancer patients develop
resistance to the current treatment regimens that initially yield very effective regression at both
primary and metastatic tumor sites. There is a need for better strategies to: 1) appropriately
assess ovarian tumor cell growth and malignant progression (prognosis) and 2) test how they
may respond to current and/or new treatment agents (therapeutic assays) AND do that in a
whole animal system. Our approach is transplantation of the human tumor cells into an animal
host, a procedure known as in vivo xenotransplantation. I tested the feasibility of linking our
hamster experimental system to clinical diagnosis and treatment of ovarian cancer. I harvested
growing cultures of established human tumor cell lines (donor material), xenotransplanted the
cell suspensions into the hamster cheek pouch (an immunologically privileged host site), and
then assessed transplant status (general appearance, dimensions, vascularization state, etc.).
We harvested and generated formalin-fixed and paraffin-embedded (FFPE) histology specimens
of viable xenotransplant masses that were established from two cell lines (SKOV3p43 and
A2780p4). Finally, I conducted proteomic assessments using immunoblot analysis of total
protein extracts prepared from the cultured cell lines and Immunohistochemical analysis of the
xenotransplant mass / FFPE tissue sections. Our results so far provide proof-of principle that the
hamster cheek pouch transplantation can be exploited for translational research on ways to
improve the clinical diagnosis, prognosis, and treatment of ovarian cancer
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CHAPTER 1
Introduction

1.1 Ovarian Cancer
According to the American Cancer Society and other sources [2, 3], endometrial cancer is the
most common gynecological cancer and epithelial ovarian cancer remains the most lethal
gynecological cancer in the USA. While the incidence of ovarian cancer generally increases with
age [4, 5], familial cases plus germ cell and sex cord stromal tumors can present at a young age
[5]. The exact mechanism of ovarian cancer development is unknown. Generally, cancer is a
stepwise process during which mutations in regulatory genes and epigenetic effects eventually
result in abnormal gene expression and, ultimately, cellular dysfunction [6]. However, several
studies show that certain factors are associated with a higher incidence of ovarian cancer [7].
Women who live in developed countries (Europe and North America) exhibit a several-fold
increase in ovarian cancer incidence compared to women living in developing countries. The
exact reason for this difference is unknown though it may be related to environmental or dietary
factors. Reproductive factors are also associated with the development of ovarian cancer. They
include: 1) longer duration of menses (early menarche and late menopause); 2) a history of
infertility and nulliparity [8]; 3) endometriosis; and 4) the use of ovulation-inducing agents for
more than 12 cycles, especially among women who fail to achieve a full-term pregnancy. On the
other hand, conflicting data exists regarding the effects of estrogen replacement on ovarian
cancer incidence [9].
Ovarian cancer occurs more commonly among women who have some other types of primary
neoplasia including breast, colon and endometrial carcinoma. In addition, it is more common
among women with kidney and bladder cancers and acute non-lymphocytic leukemia [7]. While
a family history of ovarian cancer is an important risk factor, only 10 % of ovarian cancers are
1

definitely linked to familial incidence and genetic screening for early detection is very important
for this high-risk cohort [10].
Certain factors provide some protection against ovarian carcinoma. Most widely recognized is
the use of oral contraceptive pills [11]. Their protective effects increase with duration of use,
persist for many years after ceasing use, and seem to work even in women with a genetic
predisposition to ovarian cancer.
Unfortunately, no significant improvement in mortality rate is evident for ovarian cancer patients
over the past three decades [12, 13] despite numerous advancements in surgical techniques,
supportive care measures, and better chemotherapy protocols. Ovarian cancer has the highest
fatality rate among gynecological cancers worldwide because of a lack of effective screening
methods [13], non-specific early warning symptoms due to its late presentation, and high rates
of chemoresistance; all of which limit effective treatment of recurrent disease. The 5-year
survival rate for all stages in the more advanced countries is about 30 % [14]. However, more
and more patients are living longer and enjoying a better quality of life than ever before as a
result of the many active chemotherapy regimens designed to maintain the disease in
remission.
Surrounding the ovary is a single layer of phenotypically undifferentiated cells known as the
Ovarian Surface Epithelium (OSE). The OSE develops from the epithelium overlying the
gonadal ridge while the reproductive tract tissues originate from the Mullerian ducts that arises
from an invagination of the coelomic epithelium beside the coelomic ridge. After metaplastic
transformation, the OSE shares characteristics of mullerian duct-derived tissues such as the
fallopian tubes, cervix, and endometrium [1].This aberrant differentiation forms the basis for
ovarian cancer classification [15].
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Epithelial ovarian cancers are clonal neoplasms that likely result from multiple genetic
alterations during their malignant transformation [16] and so are good candidates for gene
expression profiling or microarray analyses that measure thousands of genes in a single RNA
sample. Despite its huge potential, gene expression profiling of Epithelial Ovarian Cancer (EOC)
is confounded by a limited understanding of the cellular origin and pathways to EOC. The
challenge lies in the limited availability of early stage tumors, their heterogeneity, and their
genetic instability; all of which makes it difficult to distinguish early or late stage mutations (see
Section 1.2 for staging details). A survey showed that EOC patients at stage I had a 5 year
survival rate in excess of 85% [17]. Unfortunately, over 75% of EOC patients were initially
diagnosed at advanced stages where tumor cells had already spread to the pelvic organs (stage
II), abdomen (stage III), or beyond the peritoneal cavity (stage IV). The reported 5-year survival
rate of EOC patients at stage III is <40% and 20% at stage IV [17],[18]. Therefore, mortality
could be markedly reduced if EOC patients were diagnosed at an early stage. Ovarian serous
carcinoma (OSC) is the most common histological subtype of EOC, accounting for 80-85% of all
ovarian carcinomas, especially those with advanced FIGO stage (III or IV), among all
gynecologic carcinomas [19]. OSC includes high-grade serous carcinomas (HGSC) and low
grade serous carcinomas (LGSC).The prognosis of ovarian cancer is closely related to the
FIGO stage. About 90% of cancer-related deaths are caused by tumor invasion and metastasis
[20]. This makes identification of key molecules in the process of progression very important.
A significant fraction of ovarian cancer (10%) is hereditary in nature . A few highly penetrant
genes that contribute to genetic susceptibility are known. Women with germ line mutations in
the BRCA1 or BRCA2 gene have a 20-60% risk of developing ovarian cancer [18-20] [21], [22],
and [23]. Association studies of links between common single nucleotide polymorphisms (SNPs)
and EOC suggest that other lower penetrance mutations have subtle effects on disease risk [21,
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22] [24] [25]. Furthermore, many reports suggest that both genetic and epigenetic changes
occur during ovarian tumorigenesis and differ among the different EOC subtypes [26].
Genes that may contribute to sporadic ovarian cancers fall into two categories: oncogenes and
tumor suppressor genes. Oncogenes are dominant transforming genes in that their activation
occurs by the alteration of a single allele [27]. Activation of oncogenes occurs through a variety
of mechanisms such as point mutations, gene amplification, deletion of a regulatory domain, or
gene fusion through chromosomal translocation [28]. The normal counterparts of oncogenes,
proto-oncogenes, control critical cellular events such as survival and cell proliferation [21],[29].
Tumor suppressor genes behave recessively. This involves the loss or inactivation of both
copies of a tumor suppressor gene that normally confers constraints on cell proliferation,
survival, DNA damage repair, etc. [30]. Although oncogenes and tumor suppressors may
influence ovarian cancer, little is known about their role in the transformation of ovarian surface
epithelial cells and the relative contributions of multiple mutations. A few genes are frequently
altered in sporadic epithelial ovarian cancers. For example, the tumor suppressor gene p53 is
mutated in approximately 50% of advanced stage cancers, the oncogene K-RAS is mutated in
20-50% of borderline/low malignant potential (LMP) tumors [21, 31], and the tumor suppressor
lipid phosphatase PTEN is frequently mutated in endometrioid-type ovarian carcinomas [32] .

1.2 Staging and Treatment
All ovarian cancers are classified according to terms of the staging scheme (I through IV)
developed by the International Federation of Gynecological and Obstetrics (FIGO) and the
classification system developed by the American Joint Committee on Cancer (AJCC, TNM
system) that indicate likely prognosis and help to define treatment (Table 1). The 2013
international Federation of Obstetricians and Gynecologists (FIGO) staging system identifies the
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spread of ovarian cancer at the point of diagnosis. It is important to receive correct staging
because it can influence treatment decisions.
Table1. Staging of Ovarian Cancer Using the AJCC and FIGO System. This system defines
cancers by Roman numerals I through IV. The higher the number, the more the cancer has
spread. The stages of cancer and their definitions are shown.
Stage

Description

I

Cancer is in one (IA) or both of the ovaries (IB) and has not spread onto the outer surface of
the ovary. Cancer is present in one or both of the ovaries and present on the outer surface of
at least one of the ovaries or the tumor may have ruptured (IC). The disease has not spread to
the abdomen or pelvis.

Cancer is one or both of the ovaries and has grown onto or into other pelvic organs. Cancer

II

has spread onto or into the uterus or the fallopian tubes, or both (IIA). Cancer has spread onto
or grown into the tissue within the pelvis (IIB). Cancer has spread to the uterus, fallopian
tubes, or other tissues within the pelvis (IIC)
The cancer is in one or both of the ovaries and has spread to the abdominal lining but can't be

III

seen (IIIA) or small deposits observed (IIIB). Cancer has spread to the lymph nodes and
deposits maybe visible in the abdomen (IIIC).
The cancer has spread outside the pelvic region to distant sites such as inside the liver, the

IV

lungs, or other organs.

Almost all women with EOC will have some kind of surgery in their course of treatment.
The purpose of surgery is to first provide a pathological examination of the ovary and adjacent
tissues so as to define the nature of the tumor and its stage. Staging is performed by
histological examination of tissue samples and cytological assessment of biological fluid
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samples. EOC tumors display a spectrum of pathological changes. Tumors can be benign,
borderline (low malignant potential or atypical proliferating lesions), or malignant. Treatment
success depends on stage and grade of the disease, the histopathologic type, and the patient’s
age and overall health. Ovarian cancer is a chemosensitive disease and the first-line use of
platinum/taxane-based chemotherapy improves prognosis for patients with advanced disease
[33]. While ovarian tumors initially respond very well, between 70-80% of advanced-stage
ovarian cancer patients develop resistance to these drugs. New approaches are therefore
required to improve disease outcome [34]. Indeed, ovarian cancer cells with secondary
mutations of the BRCA2 gene that restore the genes ability to repair DNA do subsequently
develop resistance to chemotherapy [35].

1.3 Screening for Ovarian Cancer
Ovarian cancer is often described as a silent killer because the symptoms are not specific or
common to other diseases and disorders. Since most cases are diagnosed at a late stage when
treatment is less successful, there is an absolute necessity for earlier detection methods so as
to reduce mortality. At present however, there is no screening test that is reliable enough for
ovarian cancer detection in the general population. The tumor marker serum CA-125 is only
approved for monitoring disease recurrence [36] and 80% of women presenting with advanced
stage disease have elevated CA-125 levels. However, it is elevated in only 50-60% of women
with early stage disease and also in other non-cancerous gynecological complications such as
benign ovarian neoplasms, endometriosis, pelvis inflammatory disease, and liver disease [37].
The CA-125 glycoprotein is also elevated in other malignant conditions including cancers of the
pancreas, breast, lung, and colon [38]. Despite this, a large randomized trial of ovarian cancer
screening in the general population is currently underway to evaluate the use of an algorithm
that incorporates the rate of CA-125 level change over time from initial marker levels with
estimated age-adjusted ovarian cancer prevalence rates in order to increase sensitivity and
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specificity and it includes an ultrasound modality [30, 31] [39], [40]. There is preliminary
evidence that such a screening technique will reduce the mortality from ovarian cancer [41].
A newer class of screening targets are microRNAs (miR) that are evolutionarily conserved 22nucleotide noncoding RNAs. They are small molecules that bind to the 3’untranslated regions of
their target mRNAs. This interaction mediates translational repression and prevents production
of protein and suppresse gene expression [42]. MiR was first discovered in Caenorhabditis
elegans [43]. miR’s in number of thousands are engaged in various biological processes such
as hypoxia, hematopoiesis and insulin secretion [44]. Certain miRs have been implicated in the
pathogenesis of tumors and function as oncogenes (oncomiRs) or tumor suppressors [45]. A
comprehensive and systematic understanding of ovarian cancer-specific miR would be very
beneficial in recognizing the issue and its treatment in a very early stage.
Early studies on cancer-specific miR expression profiling were confined to tumor tissue
samples [46]. A number of miRs aberrantly expressed in ovarian cancer tissues have important
functions in cancer occurrence and development [47]. Thus, miRs may represent a new target
for rapid growth in this field of research. However, the fact that tissue samples are not easily
accessible hinders the application of miR analysis in ovarian cancer diagnosis and prognosis.
Recent research shows that miRs can pass between cells or tissues and organs through the
circulation [48]. Circulatory miRs mainly exist as cellular exosomes [49],[50] and thus are
resistant to degradation by RNase enzymes in the blood [51]. These characteristics make miRs
potentially valuable as novel biomarkers for the early detection of cancer.

1.4 Cell Models of Disease
Experimental cell models are vitally important not only to understand the biological and genetic
factors that influence the phenotypic characteristics of EOC but also to develop robust early
detection and intervention strategies. Cell models remain a vital resource for understanding
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events that drive oncogenesis. The use of cell lines has a number of advantages including their
unique and well-defined characteristics, the ability to generate copious research material
(DNA/RNA/protein) for numerous experiments, and the ability to genetically manipulate cell lines
and thus allow a wide range of in vitro and in vivo studies. Many ovarian surface epithelial cell
line model systems with inactivation/activation of different signaling pathways giving rise to
transformed cells with different phenotypes now exist [52],[31],[53, 54]. While they offer the
benefits of simple and well-characterized systems, the degree to which they represent the in
vivo tumor initiation and progression process remains unknown.

1.5 Proteomics
Proteomics refers to definition of the protein complement in a cell, tissue, or organism.
Proteomics includes the study of protein expression levels, activities, modifications, localization,
and the interaction of proteins within complexes and with other biomolecules. Indeed, biological
function is best defined by the dynamic population of proteins that is determined by the interplay
between gene and protein regulation and is dependent on the organism’s environment and
physiological state. It is estimated that there are approximately 25,000 protein-coding genes in
the human genome. Taking into account RNA splice variants, post-translational modifications,
and other post-transcriptional processing events, these genes likely produce between 200,000
and 1 million distinct protein isoforms [55, 56]. Proteins encoded by these genes are the true
effector molecules and the functional manifestations of genetic information. The functions of the
expressed proteins may be altered by co-translational and post-translational events,
biomolecule binding, and temporal plus spatial signaling within the cell and local
microenvironment.
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1.6 Cancer Proteomics
It is widely accepted that tumor development is a multi-step process of cellular transformation
driven by somatic genetic alteration. For most cancer types, primary tumor development is
associated with an accumulation of genetic changes in the progenitor cell. Successive
alterations affecting specific genes are thought to confer an increased growth advantage
allowing tumors to develop by clonal expansion and progress from benign to cancerous lesions.
Because the proteins encoded by such altered genes are the true effector molecules that drive
transformation, development and application of relevant proteomic technologies are important
oncology objectives [57], [58, 59]. The major difficulty in treating ovarian cancer is that it
presents at a late clinical stage. Thus, strategies to earlier diagnose and treat the disease are
needed. Biomarkers are typically disease-associated proteins that can be detected and
quantitatively measured for disease diagnosis, staging, prognosis, and treatment monitoring.
Disease progression is a multi-step process involving regulatory pathways that are disrupted by
altered protein expression. Such altered protein levels can be detected in tissue, blood, urine, or
other body fluids and thus used as disease markers.
Our involvement with the topic of gynecological pathophysiology began with the development of
a novel animal experimental system [60] that was originally designed to model a historical
medical treatment protocol that generated tragic consequences because it was based on the
mistaken belief that administering high doses of the synthetic estrogen, diethylstilbestrol (DES),
would prevent miscarriages [61]. That practice ceased in 1971 with the first report of
reproductive tract anomalies including cancer in the offspring of DES-treated mothers [62]. Our
model of that medical misadventure, known as the “DES Syndrome”, differs from most others in
that it is based on the hamster. As such, it provided a unique opportunity to study an important
pathological process in the uterus. For instance, it was established [63-66] that neonatal
exposure of hamsters to DES induces: 1) an early and permanent change in the developing,
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prepubertal uterus (initiation stage) so that 2) the adult uterus responds abnormally to a natural
hormone (estrogen) that is normally released from the adult ovary (promotion stage) and,
consequently, 3) there is rapid development of a common form of uterine cancer (endometrial
adenocarcinoma). It is important to note that a key part of the strategy that demonstrated the
extent and mechanisms of the neonatal DES-induced consequences listed above was extensive
use of the hamster cheek pouch as a very convenient transplantation site for both tissues and
cells [54]. Also, the pouch represents an immunologically privileged site that will accept and
support the growth and development of most normal and neoplastic tissues of both allogeneic
and xenogeneic origin [67].
For the ovarian cancer cell and tissue transplantation project, published results [69,70] plus our
recent trials indicate that the Syrian golden hamster cheek pouch is a convenient and wellestablished host transplantation site. Our ability to use the cheek pouch transplantation site for
the project proposed here is supported by considerable past experience [68-71]. Particularly
relevant is the most recent study [68] that involved transplantation of whole hamster ovaries into
that ectopic site. It yielded an impressive overall transplant “take” or success rate of 70% and
established effective protocols for periodic post-transplantation inspections and for tissue
harvesting, processing, and analysis.

1.7 Research plan
My thesis project is part of a pilot translational research effort to test the feasibility of applying
our hamster experimental system to the clinical diagnosis, prognosis, and treatment of two highincidence gynecological diseases, uterine and ovarian cancer. The overarching hypothesis
being that a novel xenotransplantation approach could serve as a patient “avatar” system. In
other words, xenotransplants generated from tumor biopsies and/or surgical tumor debulking
protocols could be predictive of the patient tumor’s initial aggressiveness, its potential to recur

10

and/or metastasize, and its responsiveness to established and/or new therapeutic approaches.
The basic feasibility testing approach proposed involves two stages. The initial stage involves
the use of established human tumor cell lines to develop protocols first for cell
xenotransplantation into the hamster cheek pouch site and then for assessments of transplant
status such as general appearance, dimensions, vascularization state, and histomorphology.
The rationale being that cultured cell lines represent uniform and well characterized cell
populations available in unlimited but easily harvested and controlled numbers. The second
stage is to adapt and optimize the xenotransplantation protocol so as to accommodate tissue
samples derived from patient tumor harvests. My project focused on the initial feasibility testing
stage by pursuing the following two Specific Aims.
A. Test and optimize protocols and various human ovarian cancer cell lines (donor
samples) for xenotransplantation into the hamster cheek pouch (host site).
B. Use Western blotting and immunohistochemistry to characterize gene expression
dynamics at the proteomic level in donor vs. host tissues/cells.
Cell xenotransplantation into the hamster cheek pouch is possible because of its
immunologically privileged nature. The surgical procedure is very simple and requires no special
equipment or animal maintenance facilities. Such transplants grow in a structurally compliant
and physiologically normal environment and they can be evaluated repeatedly (measured,
photographed, etc.) by simple eversion of the pouch from an anesthetized animal without
causing any undo trauma to the animal. Furthermore, the transparent nature of an everted
cheek pouch greatly facilitates assessments of transplant site neovascularization.
Gene expression is the process by which information classically flows from DNA to RNA to
protein. So, as one means to measure gene expression, Western blotting is performed to
detect and quantitate specific proteins in a given sample of total tissue extract. For this, gel
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electrophoresis is used to separate native proteins by 3-D structure or denatured proteins by
length

of

the

polypeptide.

The

proteins

are

then

transferred

to

a

membrane

(typically nitrocellulose) where they are probed with antibodies specific to a given target protein.
Since proteins are separated by size during the gel electrophoresis stage and then detected by
a specifically directed antibody, the procedure essentially confirms the identity of a target
protein. Size separation prior to blotting allows the protein’s molecular weight to be determined
by comparison with known molecular weight markers. When data does not match expectations,
it may also provide clues as to why a detected band is of lower or higher molecular weight than
expected. For instance, is there a single band or are there several bands? A smaller than
expected band could indicate that the protein was cleaved or degraded. Conversely, when
bands are seen at a higher molecular weight than expected, it may indicate an actual increase
in mass due to glycosylation or other forms of covalent modification. Alternate splicing may also
cause unexpected size variations as may particular combinations of charged amino acids in the
protein. Immunohistochemistry refers to the use of antibodies to detect and quantify antigens
(e.g., proteins) at the individual cell or tissue-specific level in histological specimens (sections
prepared from formalin-fixed and paraffin–embedded tissue samples for both experimental and
clinical oncology analyses. In other words, it can investigate the presence or absence of a
specific protein, its tissue distribution, its sub-cellular localization, and/or changes in its relative
expression levels.

.
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CHAPTER 2
Materials and Methods

2.1 Reagents
Sigma Chemical Co. (St. Louis, MO) was the source of Dulbecco’s phosphate-buffered saline
and Insulin. Fisher Scientific International, Inc. was the source of paraformaldehyde and
research-grade serum. HyClone Laboratories, Inc. was the source of DMEM/F-12 and RPMI1640 culture media. Our current collection of antibodies numbers over 200. Our choice of those
to test for this study was guided by their performance in our prior hamster system studies [65,
66, 72, 73] clues from the literature about gene product implicated in both normal and neoplastic
development and function of the mammalian ovary.

2.2 Animal Information
Animals were maintained and treated in an AAALAC-accredited facility as authorized by the
Wichita State University Institutional Animal Care and Use Committee (IACUC). All procedures
including anesthesia, surgery, and cheek pouch transplantation followed IACUC-approved and
established protocols [63, 64, 74, 75].

2.3 Animal Treatment
Young (3-4 week old) female Syrian golden hamsters (Mesocricetus auratus) from Harlan
Sprague Dawley, Inc. (Indianapolis, IN) were caged singly under a 14 h light:10 h dark
photoperiod at 23-25˚C with laboratory chow and water provided ad libitum. The chow was a 2:1
mixture of #5001 rodent diets and #5015 mouse diet from Lab Diet (PMI Nutrition Int.
Brentwood, MO). Also, animals were xenotransplanted with cells either alone or along with
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Matrigel in the left and the right cheek pouch (respectively) in order to compare the viability and
survival rate of the xenografts due to the influence of Matrigel as an extracellular matrix mimic.

2.4 Cell Culturing
Our current collection of cell lines includes ES-2 (derived from a clear cell ovarian carcinoma);
OVCAR-3 (derived from a serious ovarian adenocarcinoma); TOV-112D (derived from an
ovarian endometrioid carcinoma); A2780p4 (human ovarian cancer cell line ); MCF-7 (breast
cancer cell line); and SKOV3p43 (human ovarian carcinoma). The MCF-7 cells were obtained
from the Michigan Cancer Foundation.

The OVCAR-3, ES-2, and TOV-112D cells were

obtained from the American Type Culture Collection (Catalog # HTB-161, CRL-1978, and CRL11731, respectively). The A2780p4 and SKOV3p43 cells were obtained from our collaborator,
Dr. Kenneth Nephew. We will henceforth refer to these lines as MC, OV, ES, TO, A2, and SK,
respectively. One of the major advantages of cell culture is the ability to manipulate the physicochemical (i.e., temperature, pH, osmotic pressure, O2 and CO2 tension) and the physiological
environment (i.e., hormone and nutrient concentrations) in which the cells propagate. The work
area the in cell culture laboratory should be aseptic and only be designated for cell culture
procedures. The use of cell culture hood is the most efficient way of maintaining aseptic work
area. The cell culture hood shields experimental samples and also protects the researcher from
infectious or hazardous samples.
For establishing cultures, TO, ES, and MC cells were seeded in serum free DMEM (Dulbecco's
Modified Eagle Medium), supplemented with 10% FCS (Fetal Calf Serum); OVcells were
seeded in RPMI (Roswell Park Memorial Institute medium) +10% FCS+1μg/μl insulin; and SK
and A2 cells were seeded in RPMI supplemented with 10% FCS; all at 30 ml in 75cm 2 flasks
and placed in the incubator. The purpose of the incubator is to provide the appropriate
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environment for cell growth. Humid CO2 incubators were used to provide superior control of
culture conditions for the cells cultured in plastic dishes or flasks. Once color of the media
changes from red to yellow, usually after 2-3 days of culture, we refresh it. When cells are
confluent, media is aspirated and the dishes are rinsed/aspirated two times with 5mls PBS.
Then the cells are released from the dishes by 9ml additions of 0.05% Trypsin, 0.53mM EDTA
(Ethylenediamine tetra-acetic acid) and incubation at 37ºC for 3-4 minutes. The action of trypsin
on detaching the cells was stopped by adding medium containing fetal calf serum which has
trypsin inhibitors in it.
The harvested cells are spun down (600xg) for 2 minutes. The resulting cell pellets are
resuspended in 5ml fresh media, repelleted at 600xg for 3-5 minutes, resuspended in 5 mls
PBS (Phosphate Buffer Saline), and counted in a hemocytometer.

2.5 Counting Cells in a Hemocytometer
The hemocytometer is a device used to count the number of cells or particles in a specific
volume of fluid and then calculate the total number of harvested cells. The device used was a
Bright-Line™ Hemocytometer (Sigma-Aldrich). To count a harvested human tumor cell line
culture prior to its the xenotransplantation in the hamster cheek pouch, the chamber and
coverslip is first cleaned with alcohol, the coverslip is placed in position over the gridded
counting area, and the cell suspension is applied to the edge of the coverslip so as to be drawn
by capillary action into the counting area. Using a phase-contrast inverted microscope at 40X
magnification and a hand-held counter, the number of cells in each of the four corner square
areas (1 mm2 and 0.1 mm deep and so 0.0001 ml in volume) are averaged and multiplied by
104 to determine the cells/ml of the cell suspension.

15

2.6 Total Protein Extraction and Denaturation
Proteins are harvested from the cultured cells prior to their extraction and denaturation. Initially,
the media is aspirated completely and the dish is rinsed with 5 ml PBS followed by the addition
of PBS to the side of the dish so as not to dislodge the cells. After that, PBS is swirled and
completely aspirated and the process is repeated with two rinses. Then, 5 ml PBS is added
followed by scraping and transferring the cells with a transfer pipette to a 15 ml tube on ice. An
additional 2.5 ml PBS is added to rinse and collect the remaining cells and they are added to the
previous collection tube. The harvested cells are spun down at 1000 rpm at 4˚C for 5 minutes in
an IEC Centra MP4R centrifuge. Next, 9 parts of chilled hypotonic Tris EDTA (TE) buffer is
added to 1 part of cell pellet. The tube is then vortexed vigorously to resuspend and lyse the
cells followed by the addition of 5X Sample Buffer (SB) that generates a final solution that fully
denatures protein monomers and uniformly coats the polypeptide chains with negative charge.
Note that this established approach [72, 76-78] yields extracts that are matched or normalized
based on cell and/or tissue equivalents rather than total protein content. The samples are
shaken vigorously, frozen at -20 ˚C, thawed, and then homogenized for 5 second at setting 70
in Tekmar homogenizer. Finally, the resulting total protein extracts are aliquoted, labeled, and
cryostored at -20˚C.

2.7 Gel Electrophoresis
Electrophoresis is the process by which a charged molecule migrates in an electric field.
Molecules will separate at different velocities depending on their ionic charge and/or relative
molecular size. A common form of electrophoresis is sodium dodecyl sulphate (SDS)
polyacrylamide gel electrophoresis (PAGE) where the ionic SDS detergent uniformly coats a
denatured polypeptide with negative charge.
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Thus, subsequent separation by PAGE is

determined by the size or molecular weight of the protein as it passes through the pores present
in the acrylamide gel.
Proteins are denatured (100C for 5 min) in sample buffer (0.5M DTT, 10%SDS, 0.4M Tris [pH
6.8], 50%glycerol, and 1.0 ml bromophenol blue) and stored at -200C. The protein aliquots (25
µl/lane) are run under denaturing conditions on 5–15% acrylamide gradient gels. The fully
denatured and uniformly negatively charged protein chains move through the matrix at different
rates, determined solely by mass, toward the positive electrode. The gel consists of acrylamide
and bisacrylamides in the range from 5% to 15% and a buffer with an adjusted pH. The gel is
polymerized between two glass plates in a gel caster with a comb inserted at the top to create
the sample wells. After the gel is polymerized, the comb is removed and the gel is ready for
electrophoresis. An electric field is applied through the gel, causing the negatively charged
proteins to migrate towards the positive (+) electrode (anode). Depending on their size, each
biomolecule migrates differently through the gel matrix: small ones more quickly and large ones
more slowly through the pores in the gel. The gel is run for 18-20 hours, and the voltage applied
across the gel was 38 volts. When electrophoresis is complete, the gel sandwich is
disassembled, the stacking gel is removed and to visualize the overall pattern of resolved
proteins, gels are kept at room temperature first in gel ﬁxer (10% glacial acetic acid (GAA), 50%
methanol, and 50% H2O) twice for 15 min and secondly in Coomassie Brilliant Blue (CBB)
solution (0.05% CBB R250, 50% methanol, 10% GAA, and 40% H2O) for 30 min. The gels are
then kept at room temperature in destain solution (5% methanol, 7% GAA, and 88% H2O) until
background staining is removed and protein bands are distinct. To prevent cracking during
drying, gels are kept at room temperature in two changes of gel dry solution (35% ethanol, 2%
glycerol, and 63% H2O) for 15 min intervals. The gels are then sandwiched between two wet
cellophane sheets and dried.
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2.8 Western Blotting
For immunoblotting, gels 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% methanol, and 0.02%SDS. The standard protein lane on the membrane is
cut and dried between paper towels and the remaining membrane with sample protein lanes is
immunoprobed as follows. First, non-speciﬁc protein binding sites on the membrane are blocked
with 1drop of Strepavidin in 5mls of PTM (Dulbecco’s phosphate-buffer Saline pH7.5 with 1%
Tween 20, 5% nonfat dry milk) at the Room Temperature (RT) followed by 1drop of Biotin in
5mls of PTM for 10 minutes at RT. After this, the membrane is washed three times with
PBS/Tween (Dulbecco phosphate buffered saline containing 0.05% Tween 20, pH 7.5) and
three times with deionized water. The membrane is then incubated with IgG antibody in 4mls
PTM for 2 hr at room temperature or overnight at 4ºC. Next, the membrane is incubated for 1 h
at room temperature in 4mls PTM containing 3.75 µg/ml 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 room temperature. The membrane is then exposed to a commercial
substrate solution (SigmaFastTM 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 [79].

2.9 Hamster Cheek Pouch Transplantation
For the surgical procedure, animals are anesthetized with an intraperitoneal injection (i.p.) of
Xylazene at 7.5mg/kg body weight and Ketamine at 120mg/kg body weight. The transplantation
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procedure is performed using one animal at a time with cells implanted first into the left and then
into the right cheek pouch. In both cases, the cheek pouch is everted using forceps, spread on
a paraffin plate, and held with T-pins. An incision is made (~2mm) in one epithelial layer of the
cheek pouch. The opening of the incision is widened slightly and a pocket between two
epithelial layers is made using a pair of forceps. The cell suspension is introduced into the
pocket between the two pouch layers in ~50µl sterile saline (+/- Matrigel) using 200μl plastic
pipette tips.

Fig.1. Image Showing the Hamster Cheek Pouch Xenotransplantation. Shown is the simple and
effective means for introduction of the harvested human tumor cell sample suspension into an
anesthetized hamster cheek pouch. The cheek pouch is pinned to filter paper on the Styrofoam
pad that is then reoriented into a vertical position prior to cell sample introduction. The cheek
pouch incision site is made and then it is widely opened using pair of forceps. 3 x 10 3 cells are
introduced in 50 µl sterile saline solution using plastic pipette tips into the pocket between the
two pouch layers.
After the incision site is sealed with a liquid suturing agent (Vetbond Tissue Adhesive,3M Animal
Care Products,St.Paul,MN), the pouch is released and guided back to its natural location. The
cheek pouches were inspected at least weekly and the size and vascularization status of the
transplant was microscopically evaluated and photographed.
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2.10 Post-Transplantation Assessments
Weekly post-transplantation inspections are conducted by lightly anesthetizing the animals,
gently everting their cheek pouches, and assessing (photographing) the presence,
vascularization state, appearance, and dimensions of transplant masses. Based upon what the
gross observations stated above show regarding the general “take” and growth rate for a given
type of tumor tissue or cell implant, transplant masses are harvested and then animals were
anesthesized with CO2, decapitated, and trunk blood was collected for serum separation.
Initially, animals are anesthetized with an intraperitoneal injection (i.p.) of xylazene and
ketamine. After cheek pouches with viable ovarian transplant masses are everted, spread, and
pinned to a paraffin plate, they are covered in fixative (to stiffen the double cheek-pouch
membranes enveloping the ovarian transplant mass) and ~10 minutes later, a small region with
the enveloped mass is excised and immersed in freshly made fixative (4%paraformaaldehyde,
pH 7.2). Fig 2 shows a viable ovarian xenotransplant mass (21 days post-transplantation)
established from a human ovarian tumor cell line (A278P4). The excised ovarian transplant
masses then undergo two changes (24hr each) of fixative and finally are stored in 70% ethanol
[63].
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Fig. 2. Image of a Viable Tumor Mass during the Post-Transplantation Assessment. Viable
ovarian transplant mass in an everted hamster cheek pouch. Shown is the everted and pinned
cheek pouch with a viable and well-vascularized ovarian transplant mass (arrow) along with a
mm scale. The size of the xenotransplant mass shown in the image is about 6 mm. Scale bar at
the bottom represents 1 cm.
Fixed tissue samples are sent to Via Christi–St. Francis Medical Center in Wichita, KS for
histological processing and paraffin-embedded sections are analyzed for changes at the
histomorphological (hematoxylin and eosin [H&E] staining) and the biochemical/molecular level
(immunohistochemistry). Also, serum separated from the host animal’s whole blood sample is
frozen and stored at -800C.

2.11 Immunohistochemistry
Slides containing paraffin-embedded tissue sections are incubated at 700C for 10 minutes and
de-paraffinized in fresh xylenes thrice for 10 minute each time. Next, tissues are re-hydrated in
decreasing concentrations of ethanol (100%, 95%, 85%, 70%, 50% and 30% [v/v] in
deionized/distilled water) and washed briefly in deionized/distilled water).

Endogenous

peroxidase activity is blocked by quenching in 3% [v/v] hydrogen peroxide in methanol for 30
minutes at 370C (Red Roller incubator). After washing once in water and three times in
PBS/Tween-20 (0.05% [v/v] Tween in Dulbecco phosphate buffered saline, p.H7.5) antigen
retrieval is performed by incubating slides in tri-sodium citrate buffer (10Mm tri-sodium citrate,
p.H 6.0) in a plastic coplin jar immersed in boiling water for 30 minutes. Next, slides are
incubated after pipetting 200 μl between the slides of a secondary antibody-specific serum
dilution (1:10 in PBS/Tween) for 1 hour at 370C. To prevent non-specific binding, avidin/biotin
blocking (Vector SP2002 Strepavidin/biotin) is done by pipetting 200μl of Avidin solution per
slide pair for 15 minutes at (RT) and washing three times with PBS/Tween followed by 200μl of
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biotin solution at RT for 15 minutes. Slides are then incubated with primary antibody diluted in
PBS/Tween overnight at 40C in a humidor followed by 30 minutes incubation at 370C with
appropriate species-specific biotinylated secondary antibody (Vector Laboratories, Burlingame,
CA) diluted 1:100 in PBS/Tween. Next, slides were incubated for 20 minutes at 370C in an
avidin-biotin-peroxidase complex reagent Vector® ABC or Elite® ABC) and washed three times
with PBS/Tween-20. Finally, slides are reacted with a commercial diaminobenzidide substrate
solution (SigmaFast™ from Sigma, Saint Louis, MO) at RT until a brown reaction signal is
visualized. After rinsing with deionized/distilled water, slides are counterstained with 0.2 %( w/v)
methyl-green (in 0.1 M ammonium acetate, pH 4.6), rinsed in deionized/distilled water, and
covered with glass coverslips using Per mount mounting medium.

2.12 Microscopy
Analysis of immunohistochemistry and hematoxylin/eosin-stained tissue sections is conducted
using a Nikon Eclipse E800 using Infinity Optics and Plan Apo objectives. All images are
captured using a Magna Fire digital camera (Optronics, Goleta, CA) and AnalySIS® digital image
analysis software (Soft Imaging System Corp., Lakewood, CO).
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Chapter 3
Results

3.1 Cell Culturing and Harvesting
The growth of cells in culture proceeds from a slow lag phase following seeding to a log phase,
where the cells proliferate exponentially. Regular examination of the morphology of the cells in
culture (i.e., their shape and appearance) was performed to ensure successful and useful cell
cultures. The examination included daily inspection by eye and by microscope so as to
immediately detect signs of contamination and contain it before it spread to other cultures in the
laboratory. Two of the cell lines (A278P4 and SKOV3) expanded very aggressively as adherent
cultures and reached confluency very quickly. As the cell’s growth exceeded the capacity of the
medium to support it, proliferation ceased. To keep cells at an optimal density for continued
growth and to stimulate further proliferation, the cultures were split and fresh medium was
supplied. To consider the relative growth rates of the cell lines tested for xenotransplantation,
we can compare their culture splitting timelines with prior determinations of the doubling rates
for some of the lines. Those rates were 12 hr for ES, 22 hr for TO, and 144 hr for OV cells (Dr.
Jeffrey May, personal communication). Accordingly, the growth rates for both A2 and SK cells
were comparable to the intermediate one observed for the TO cells.
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Fig. 3. Image of the Healthy Ovarian Cancer (OVCAR3) Cells during Cell Growth. Shown is the
phase contrast image of the healthy ovarian cancer cells grown in a conical cell culture plastic
flask in the culture growth culture mediums. The image was obtained using 10X and 20X
objectives 3 days after seeding.
For both preparation of protein extracts and transplantation, cells were harvested when they
were in the log phase but before they reached confluence and they were free of detectable
contamination. Also, since the cell lines in continuous culture are likely to suffer from genetic
instability as their passage number increases, early on we prepared working stocks of the cells
and preserved them in cryogenic storage (by step freezing [30 min each at -10º, -20º, -90ºC and
final immersion in liquid N2] in media containing 10% serum and 10% dimethylsulfoxide) for
future regeneration of cell cultures.

3.2 Western Blot Analysis
Expression of specific proteins was evaluated by immunoblot analysis of total protein extracts
prepared from our collection of six human tumor cell lines. In the procedure, denatured proteins
are separated by size during the gel electrophoresis step, electrotransferred to nitrocellulose
membrane, and then detected by a specific antibody. Of the more than 80 antibodies tested,
some did generate detectable, specific, and reproducible signal bands on immunoblots and the
molecular weight of the detected target band was determined according to its migration position
relative to that of standard proteins. Evidence that tissue total protein loading was equivalent
among the electrophoretically resolved sample lanes prior to Western blotting is shown in Fig
4a. That panel also demonstrates that the pattern and density for most of the detectably
Coomassie-stained proteins were quiet similar in all six sample lanes. However, some specific
band differences among the lanes were noted (for instance, the ~50 kDa band that was

24

particularly intense in the MCF-7 cell extract lane). Fig. 4b shows the target protein bands
detected by our immunoblotting protocol.

Target (KDa)
MC OV ES TO A2 SK
AUF1(37 and 42)
C-erbB2(182.5)
CDC47(75 )
Connexin-43(41)
EGFRVIII(72.5)
ER-α(C1355)(65)
ER-α(HC-20)(64)
PCNA(32.4)
C-MYC(65.38)
NFκβ-p50(46.8)
NFκβ-p65(62.9)
Occludin(54.2)
SP1(91.41)
PR(ABR410)(91.6)
Vimentin(50)
Cadherin-E(125)
VEGF(40)
HSP60(60)
P120(120)
β-actin(42)

Fig.4.b

Fig.4.a

Fig.4. Shown are images of SDS-PAGE resolution and immunoblot analyses of the cell line
extracts. Fig.4.a (Left panel) shows the total protein extracts prepared from a collection of six
human tumor cell lines (MC, OV, ES, TO, A2; and SK) which were resolved by denaturing gel
electrophoresis and analyzed by Western blotting (right panel). Indicated on the left side of the
left-hand panel are the migration positions of standard proteins with the indicated molecular
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weights (kDa). For the right-hand panel (Fig.4b), the immunodetected isoforms of a given
protein are identified by their molecular weight (kDa) in parenthesis as indicated by the arrows.
TABLE 2. Western blot findings:

Details about both our Western blot and immunohistochemical analyses
Western Blotting
Immunohistochemistry
Protein
Ab dil.
Exp. kDa
Obs. Ab dil.
Staining Pattern
kDa
AUF1
1:5000 37,40,42,45 37,42 1:5000 Distinct and dark
extranuclear staining
in the basal
squamous cells.
Cytoplasmic staining
in most of the region
of tumor masses
Upstate Biotechnology;Lake Placid,NY;Rabbit pAb
Cadherin,E1:200
135
125
1:200
Uniform staining in all
tumor masses and
signal most distinct in
basal squamous of
cheek pouch.
(Clone 36)BD Transduction Laboratoties;San Diego,CA;mouse mAb
PCNA(Biomeda)
1:500
36
32.35 1:200
Distinct signals only
in the nuclei of some
regions go the basal
squamous cells of the
cheek pouch external
surface in all
sections.
Biomeda,Foster City,CA,USA;mouse mAb
ER-α(C1355)
1:500
67

65

1:500

(C1355) Upstate Biotechnology;Lake Placid,NY;Rabbit pAb
ER-α(HC-20)
1:200
66
64
1:200
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Staining
Intensity
(+++)

(++)

(++)

Granular extranuclear signal in the
basal squamous cells
of the cheek pouch
external surface only.

(++)

Distinctly stained in
some tumor masses.
Uniformly stained in

(++)

Table 2 (continued)

(HC20)Santa Cruz Biotechnology;Santa Cruz,CA;rabbit pAb
Specificity protein 1
1:500
106,
91.41 1:500
Sp1(sc-59)
95

(PEP 2)Santa Cruz Biotechnology;Santa Cruz,CA;rabbit pAb
Nuclear Factor
1:500
65
62.9
1:200
Kappa B NFκβp65(sc-372)

some region. Basal
squamous darkly
stained.
Distinct extra-nuclear
staining located in
tumor masses and
strong in basal
squamous of cheek
pouch.

(++)

Distinct extra-nuclear
staining located in
tumor masses and
strong in basal
squamous of cheek
pouch.

(++)

StressGen Biotechnologies; Victoria, BC, Canada; rabbit pAb
Progesterone
1:500
94,
91.6
1:500
No distinctive
Receptor
120
staining.
PR(ABR410)
(410)Affinity BioReagents; Golden, CO; mouse mAb
Connexin-43(BDTL) 1:250
43
41
1:250
No distinct signal in
most regions
W. Eckhart; The Salk Institute for Biological Studies; San Diego, CA; rabbit pAb
HoxA11
1:200
30
1:200
Distinct signals only
in the nuclei of some
regions go the basal
squamous cells of the
cheek pouch external
surface in all
sections.
PRB-218C;BAbCO,Berkelry Antibody Company;rabbit pAb
Occludin
1:250
65
54.2
1:250
Scattered light signal
that was most distinct
in the basal
squamous cells of the
cheek pouch external
in all sections
Zymed Laboratories; San Francisco, CA; rabbit pAb
Nuclear Factor
1:200
50,105
46.8
1:200
Distinct signals only
Kappa B NFκβin the nuclei of some
p50(H-119;sc-7178)
regions go the basal
squamous cells of the
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(-)

(-)
(++)

(+)

(++)

Table 2 (continued)

cheek pouch external
surface in all
sections.

StressGen Biotechnologies; Victoria, BC, Canada; rabbit pAb
EGFRvIII(Abbiotech) 1:200
70
72.5
1:200
Uniform staining in all
tumor masses and
signal most distinct in
basal squamous of
cheek pouch.
ABBIOTEC Dunbrook Road, Suite A San Diego, CA 92126;rabbit pAb
Vascular Endothelial 1:200
42
40
1:200
Scattered signal that
Growth Factor
was most distinct in
(VEGF 147)
the basal squamous
cells of cheek pouch
external surface in all
sections.
Santa Cruz Biotechnology; Santa Cruz, CA; rabbit pAb
c-erbB2
1:500
185
182.5 1:500

Neomarkers,Fremount,CA;rabbit pAb
c-Myc,
1:500
67

65.38 1:500

Upstate Biotechnology Incorporated,Lake placid,rabbit pAb
CDC47
1:200
80
75
1:200

Neomarkers,Fremount,CA;rabbit pAb
β-tubulin
1:200
55

50
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1:200

(++)

(+)

Light signal in the
basal squamous cells
of cheek pouch
external surface in all
sections.

(±)

Scattered and light
signal in the basal
squamous cells of
cheek pouch external
surface in all
sections.

(±)

Dark staining in the
intercellular space
and cytoplasm in
tumor region of A2
cells

(+++)

Extranuclear staining
in basal squamous
cells of cheek pouch
and in some region of
tumor masses.
Distinct staining in
“Healthy” region in

(+++)

Table 2 (continued)

Neomarkers,Fremount,CA;rabbit pAb
HSP60(N-20)
1:200
60

some tumor masses.
Distinct staining in
"Striated" region in
apparent muscle
bundles.
60

1:200

Granular extranuclear signal in the
basal squamous cells
of the cheek pouch
external surface in all
sections AND in
some reasons of the
tumor masses

(++)

Dark and distinct
Extranuclear staining
in the basal
squamous cells.
Cytoplasmic staining
in most of the region
of tissue section.
Staining pattern is
"Striated"in apparent
muscle bundle.

(+++)

Light and less
distinctive staining in
all sections.

(±)

1:5000 No distinctive
staining.
(Clone V9) NeoMarker/Lab Vision; Union C ity,CA; mouse mAb
β-actin(AC-15)
1:100
43
42
1:100
Scattered signal that
was most distinct in
the basal squamous
cells of the cheek
pouch external in all
sections
Santa Cruz Biotechnology ;Santa Cruz, CA; rabbit pAb
p-c-JUN
1:100
43
1:100
Light Staining pattern

(-)

Santa Cruz Biotechnology; Santa Cruz, CA; rabbit pAb
p-120(H-90)
1:200
102, 92,82
102
1:200

Santa Cruz Biotechnology; Santa Cruz, CA; rabbit pAb
PARP
1:100
89
82.5
1:100

Neomarkers,Fremount,CA;rabbit pAb
Vimentin
1:1000 57-60
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is "Striated"in
apparent muscle
bundle in some
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(++)

(++,±)

Table 2 (continued)

region. Extranuclear
staining in the basal
squamous cells.

Santa Cruz Biotechnology; Santa Cruz, CA; mouse mAb
SRC-1(SC-8995)
1:200
160
75
1:200

Santa Cruz Biotechnology ;Santa Cruz, CA; rabbit pAb
PR-86
1:250
94,12
1:100

Distinct and dark
extranuclear staining
in the basal
squamous cells.
Cytoplasmic staining
in most of the region
of tumor masses

Basal squamous cell
darkly stained.
Extranuclear staining
in basal squamous
cells. Cytoplasmic
staining in "healthy"
cell regions of the
tumor masses.
Tommi Manninen,Msc.Medical school;Department of Cell Biology;FIN33014;UNIVERSITY OF TAMPERE,Finland;rabbit pAb
MECP2(H-300)
1:200
53
15
1:200
Distinct and dark
extranuclear staining
in the basal
squamous cells.
Cytoplasmic staining
in most of the region
of tumor masses
Santa Cruz Biotechnology ;Santa Cruz, CA; rabbit pAb
Anti Epac 1(camp1:200
110,74
1:200
Distinct and dark
GEF1)
Extranuclear staining
in the basal
squamous cells and
also in "healthy" cell
region of the tumor
masses.
Upstate Biotechnology;Lake Placid,NY;Rabbit pAb
GRIP 1(M1:200
160
50
1:200
Extranuclear staining
343;sc8996)
in the basal
squamous cells of the
cheek pouch.
Cytoplasmic staining
in most of the region
of tumor masses.
Santa Cruz Biotechnology; Santa Cruz, CA; Rabbit pAb
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(+++)

(+++)

(+++)

(+++)

(++)

i. VEGFs are a family of growth factors that regulate angiogenesis. VEGF also stimulates
vascular endothelial cell mitogenesis, migration of particular epithelial cells, neurons, monocytes
and macrophages, and mediates vascular permeability and vasodilation. Human VEGF
isoforms are the result of differential mRNA splicing of exons 6, 7 and 8. The exclusion or
inclusion of some of these exons alters the binding ability of VEGF to their receptors (VEGFRs)
and changes their angiogenic function; either pro- or anti-angiogenic [80]. Angiogenesis is
essential for tumor growth and is the proliferation of blood vessels that supply oxygen and
nutrients and remove waste from the area of cancerous growth. VEGF also helps preexisting
vasculature survive by providing its metabolic requirements [81]. The expected molecular weight
of VEGF is 42 kDa [82] which is close to the size of the generated single isoform bands (40
kDa) that we detected in extracts only from OV and SK cells.
ii. The p120 protein is best known for its ability to bind and stabilize cadherins [83, 84]. Loss or
functional inactivation of E-cadherins (also known as CDH1) is a seminal event in the
acquisition of epithelial cell migration and invasion [85] which is strongly linked to progression
towards metastatic disease [86]. Loss of E-cadherin leads to induction of the epithelial-tomesenchymal transition (EMT), a phenomenon where epithelial cells de-differentiate towards a
mesenchymal cell type that is characterized by a more motile and invasive phenotype [87, 88].
Because of its stabilizing function in the adherens junction (AJ), p120 has caught much attention
in the context of tumor development and progression. Like β-catenin, p120 also controls many
aspects of cytoskeletal organization, cell signaling, and transcriptional regulation, thereby
playing a key role in cancer. Detectable staining for the p120 protein was found in all our tumor
cell extracts at 102 kDa which is close to the expected size (120 kDa) [95].
iii. Heat shock proteins (HSPs) are a class of functionally related proteins whose expression is
increased when cells are exposed to elevated temperature or other stress processes, such as
inflammation, exposure to toxins, hypoxia [96]. A recent study reported that several proteins,
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including heat shock protein (HSP) may be linked to increased risk of developing ovarian cancer
[97]. Additionally, studies show the essential role of HSPs in the malignant process [98]. HSP60,
as a mitochondrial protein, is primarily responsible for maintaining the integrity of cellular
proteins particularly in response to environmental changes. Positive expression seems to inhibit
“apoptotic and necrotic cell death” while negative expression is thought to play a part “in
activation of apoptosis” [70, 71]. The HSP60 antibody we used generated bands of the expected
size (60 kDa) [94] in TO,A2 and SK cell lines.
iv. β-actin: The -actin protein is an essential component of the cytoskeleton, with critical roles
in a wide range of cellular processes including cell migration, cell division, and the regulation of
gene expression. These functions are attributed to the ability of actin to form filaments that can
rapidly assemble and disassemble according to the needs of the cell. The role of β-actin in cell
motility is fundamental for embryonic development, wound healing, and immune responses. Cell
migration is largely driven by the polymerization of actin at the leading edge, which provides the
protrusive forces that push the membrane forward [72]. Beta actin is commonly used as a
loading control because it is present in all cells. Indeed, we did detect it in extracts from all six
cell lines at the expected size (42kDa).
v. Individual connexin molecules join to make hexameric hemichannels (connexons) that dock
to connexons on neighboring cells and thereby form gap junction pores [89, 90].

The

expression level, cellular localization, and function of those intercellular communication moieties
are implicated in both normal and dysplastic/neoplastic development in various physiological
systems [101]. The anti-connexin-43 antibody generated multiple isoform bands of a slightly
lower molecular weight (41 kDa) than expected (43 kDa) only in extracts from TO and A2 cells.
vi. The progesterone receptor (PR) is a member of the nuclear receptor superfamily of ligandactivated transcription factors, is expressed as two predominant isoforms (PR-A and PR-B), and
mediates action of the ovarian steroid progesterone in multiple tissues and organs including the
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brain, breast, uterus, ovary, and cervix [91]. Detectable staining for the PR protein was present
for all of our ovarian tumor cell extracts (but not the MC extract) at 91.6 kDa which is close to
the expected size (94 kDa) of the PR-A isoform [92].
vii. The specificity protein transcription factors (Sp1 and Sp3) are expressed in all mammalian
cells, regulate the expression of numerous genes involved in cell proliferation, apoptosis, and
differentiation, and they are dysregulated in many diseases including cancer [93, 94].
Furthermore, the Sp1 family of proteins are implicated as important mediators of steroid
hormone action in the endometrium [95]. In extracts of all six lines, we detected single isoform
bands of slightly lower molecular weight (91.4 kDa) than the expected size (106 kDa, 95 kDa).
viii. The active NFB transcription factor complex consists of two subunits (NFB1 and RelA or
p50 and p65, respectively) that regulate a wide variety of cellular and viral genes involved in
both normal and tumor development [96]. In extracts of all six lines, the NFB-P50 antibody
detected single isoform bands of slightly lower molecular weight (46.8 kDa) than expected (50
kDa). In extracts of all six lines, the NFB-P65 antibody detected single isoform bands of slightly
lower molecular weight (62.9 kDa) than expected (65 kDa).
ix. The integral membrane linker protein occludin participates in the formation of intercellular
tight junctions and their dysregulation is a hallmark of many diseases including cancer [89, 97].
We found that the full-length occludin protein was detected in all five ovarian cancer cell extracts
at a somewhat lower size (54.2 kDa) than expected (65 kDa).
x. Another member of the nuclear receptor superfamily of ligand-activated transcription factors,
the alpha form of the estrogen receptor (ER), is a well-established mediator of normal and
neoplastic development of the mammalian uterus and ovary [98-101]. Both of the ER
antibodies we used detected bands very close to the expected size (65 kDa). However,
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whereas the C1355 antibody detected bands in all six extracts, the HC20 antibody did so only
for MC and SK cell extracts.
xi. Proliferating cell nuclear antigen (PCNA) functions as a eukaryotic sliding clamp that
coordinates various DNA interactions involved in DNA replication, repair, chromatin dynamics,
and cell cycle regulation and is one of several nuclear proteins for which post-translational
modifications are implicated in both normal and neoplastic development [102-104]. The PCNA
antibody generated isoform bands in all six extracts of a slightly lower molecular weight (32.4
kDa) than expected (36 kDa).
xii. The E-cadherin protein complex plays important roles in maintaining epithelial cell/tissue
integrity [89, 105-108] and altered expression of E-cadherin, both up and down-regulation, is
implicated in various stages of carcinogenesis [109-111].

Furthermore, the normal and

neoplastic functions of E-cadherin are influenced by complex posttranslational processing
events including endocytosis, proteolysis, and recycling [108-111]. The E-Cadherin antibody
generated isoform bands (dark in OV, ES and light in SK extracts) of a lower molecular weight
(125 kDa) than expected (135 kDa).
xiii. A major modification of vertebrate DNA occurs at the dinucleotide CpG. Approximately 60%
-90% of CpGs are methylated at the 5 position of cytosine while the rest are unmodified. A
general consensus view derived from analyses of tissue specific genes and transfection studies
is that methylated DNA affects the formation of nuclease-resistant chromatin and leads to
repression of gene activity [112-115]. In native chromatin, m5C is refractory to digestion by
micrococcal nuclease (MNase) and to nucleases that can cleave at CpG [116, 117]. One model
that accommodates both gene repression and altered chromatin proposes that there are factors
in the nucleus that bind differently to methylated vs. non-methylated DNA. These factors might
bind to a methylated gene leading to an altered chromatin structure that would, in turn, deny
access to the transcription machinery [117]. The specific protein band we observed was below
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the image detection system limit and so is not shown in Fig.4.b. Furthermore, the Mecp2
antibody generated isoform bands in all six extracts of a much lower molecular weight (15 kDa)
than expected (53 kDa).
xiv. AU-rich RNA binding factors AUF1 is the protein that controls numerous biological
processes, particularly in the immune system. These AU-rich elements (AREs) are present in 3′
untranslated regions (UTRs) of many mRNAs that are found in many transcripts encoding protooncogenes (c-fos, c-jun, c-myc, and egr-1), growth factors (vascular endothelial growth factor
(VEGF), epidermal growth factor (EGF), insulin-like growth factor, and transforming growth
factor), cytokines (interleukins and interferons), and cell cycle regulatory proteins[19]. The AUF1
antibody generated isoform bands in all six extracts of molecular weights (37 kDa, 42 kDa)
similar to some of those expected (37, 40, 42, 45 kDa).
xv. The tumor-specific variant of the epidermal growth factor receptor, EGFRvIII, is a type III inframe deletion mutant of the wild-type receptor. It is exclusively expressed on the cell surface of
Glioblastoma multiformes (GBMs, also called grade IV astrocytoma or glioblastoma [GB], and
the most common and most aggressive malignant primary brain tumor), and other neoplasms
but is absent on normal tissues [118-120]. An EGFRvIII-specific construct carries the potential
to eliminate tumor cells without damaging normal tissue due to the tumor specificity of its target
antigen [118-120]. The EGFRVIII antibody generated isoform bands primarily in MC and EC
extracts that are of a molecular weight (72.5 kDa) that is slightly higher than expected (70 kDa).
xvi. The glutamate receptor-interacting protein 1 factor, GRIP1 is a protein that functions in
regulating protein recycling from endosomes to the Trans Golgi network (TGN). Overexpression
of isolated GRIP domains by transfection competitively displaces endogenous GRIP proteins
from Golgi membranes [121, 122] presumably by competition for a limiting GRIP domain binding
site. Such displacement would interfere with the function of endogenous GRIP proteins. GRIP
proteins or their ligands function in the maintenance of TGN integrity, probably through
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regulating TGN membrane protein localization [122].The specific protein band we observed was
below the image detection system limit and so is not shown in Fig.4.b. Furthermore, the GRIP1
antibody generated very light isoform bands of a molecular weight (50 kDa)much lower than
expected (160 kDa).
xvii. The protein expression status of c-erbB2 and, more recently, of topoisomerase IIα is
implicated in the prediction of clinical outcome and response to chemotherapy in breast cancer
[123-127]. Gene amplification is the predominant but not exclusive mechanism causing
abnormal expression in these tumors [128]. The c-erbB2 gene is localized on chromosome
17q12-21 and encodes a transmembrane tyrosine kinase receptor protein. This highly
glycosylated protein is a member of the epidermal growth factor receptor (EGFR; HER) family
[129] and is expressed on most cells of epithelial origin. In vitro, overexpression of c-erbB2 in
epithelial cells ultimately affects the regulation of cell proliferation, apoptotic pathways, motility,
and adhesion [130]. Accordingly, numerous studies found that both c-erbB2 amplification and cerbB2 protein overexpression predicted disease outcome in patients with localized breast
cancer [131]. The c-erbB2 antibody generated isoform bands in all extracts except that from OV
cells of a molecular weight (182.5 kDa) close to that expected (185 kDa).
xvii. The c-myc protein is abnormally expressed in human cancers and its gene is activated
through several mechanisms. Unlike the normal c-myc gene, whose expression is under
exquisitely fine control, translocations that juxtapose the c-myc proto-oncogene at chromosome
8q24 to one of three immunoglobulin genes on chromosome 2, 14, or 22 in B cells activate the
c-myc gene and thereby promotes the genesis of lymphoid malignancies [10, 132].The c-myc
antibody generated isoform bands of a molecular weight (65 kDa) close to that expected (67
kDa).
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3.3 Xenotransplant Performance and Histomorphology
This MS thesis project comprised part of an initial stage of a pilot study and was essentially a
protocol development exercise. After the PI (Dr. Hendry) attempted a series of unsuccessful
cell transplantation attempts under varying conditions (cell number, host age, glucocorticoid
“conditioning’ protocols, etc.) with the then available donor cell lines (OV, ES, and TO), we
obtained the SK and A2 lines from our collaborator (Dr. Kenneth Nephew). When we then used
those donor cells at a higher number (3 x 106 cells in 75 µl injection volume) and with the pouch
vertical reorientation method (see section 2.9) in four host animals, apparently viable transplant
masses were observed as early as day-3 post-transplantation and weekly thereafter out to day21. At that point, we decided to harvest and assess the masses. What follows are further
details about the transplantation conditions and transplant mass assessments for those four
host animals.
Previous studies suggested that an extracellular matrix preparation called Matrigel is required
for long-term survival of grafted cells [76, 77, 78 and 79]. That product is a solubilized basement
membrane preparation extracted from the Engelbreth-Holm-Swarm (EHS) mouse sarcoma, a
tumor rich in extracellular matrix proteins and its major component is laminin, followed by
collagen IV, heparan sulfate proteoglycans, and entactin/nidogen [80, 81]. It also contains TGFbeta, epidermal growth factor, insulin-like growth factor, fibroblast growth factor, tissue
plasminogen activator [82, 83] and other growth factors that occur naturally in the EHS tumor.
Matrigel can enhance the attachment and differentiation of both normal and transformed
anchorage-dependent epithelioid and other cell types.
Fig.5. Shows sections of the viable ovarian tumor cell masses harvested from four different host
animals. The host animals were xenotransplanted with SK or A2 cells either alone in their left
cheek pouch or along with Matrigel in their right cheek pouch. Both cell lines generated long-
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term tumor masses in the presence of Matrigel but only A2 cells did so in the absence of
Matrigel. However, A2 cells generated larger tumor masses when transplanted in the absence
of Matrigel.

Fig.5.Hematoxylin and Eosin-Stained Sections of the Viable Ovarian Tumor Cell Masses.
Shown are hematoxylin and eosin-stained sections of the viable ovarian tumor cell masses
harvested from four different host animals at day 21 post-transplantation. Host animals were
xenotransplanted with SK or A2 cells either alone in their left cheek pouch (lower sections) or
along with Matrigel (MG) in their right cheek pouch (upper sections).

3.4 Immunohistochemical Analysis:
Details about Immunohistochemical Analysis are presented in Table 2.
First, Fig .6.a represents histology of the hematoxylin and eosin stained tissue sections of the
viable ovarian tumor cell masses harvested from four different host animals and fig 6.b.
illustrates the typical negative control histology and immunohistochemistry (IHC) results
(uniform blue counterstain but no deposition of brown reaction product) observed in the FFPE
sections generated from xenotransplant masses grown in the hamster cheek pouch. They were
the first batch (H15-33) of tissue sample histology processed at Via Christi and they were
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established from the two human ovarian tumor cell lines (SKOV3p43 and A2780p4) that did
generate viable transplant masses. Serial sections of the collection of transplant masses
embedded in a single paraffin block were probed with selected antibodies to investigate the
presence or absence of a specific protein. Of those antibodies that generated specific signal
bands in our western blot analysis of total protein extracts prepared from the six established
human tumor cell lines, not all of them generated clear and specific staining of tissue sections
prepared from the xenotransplant masses. For those that did, Fig 6c-6l depicts some distinct
patterns at the tissue and cell-specific level.

Tumor Mass

Basal Squamous Epithelial cells
Fig.6.a. Hematoxylin and Eosin-stained tissue sections.
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Fig.6.b.Control

Fig.6.c.Cadherin-E
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Fig.6.d EGFR VIII

Fig.6.e.HSP60
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Fig.6.f.NFκβ-p65

Fig.6.g.p-120
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Fig.6.h.Epac-1(camp-GEF1)

Fig.6.i.ERα (HC-20)
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Fig.6.j.GRIP (M-343)

Fig.6.k.SP1
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Fig.6.l.VEGF
Fig.6. Representative Histology and Immunohistochemistry of the Viable Ovarian Tumor Cell
Tansplant Masses. Shown are images of the histology and immunohistochemistry (IHC) for one
of the masses (SK[01AC]) presented in Fig. 5 Tissue sections were photographed at 4x (left
panels) and 20x (right panels) magnification. Fig.6.a Shows the hematoxylin and eosin stained
tissue section and indicated is the central tumor mass area and the basal cell region of the
cheek pouch squamous epithelium. Fig.6.b shows the IHC negative control (no 1st antibody)
staining results for that section. Fig.6.c-Fig.6.l depicts tissue sections that were probed with
selected antibodies to investigate the presence and localization of a specific protein. Bars at the
lower right are100µm.
The hematoxylin and eosin stained tissue sections in Fig.6.a illustrates the basic histology of a
transplant tissue mass and the surrounding hamster host tissue (squamous epithelium and
underlying stroma/mesenchyme). In such preparations, nuclei are stained dark blue, cytoplasm
and extracellular matrix is stained light pink, and red blood cells in vascular lumens are stained
bright red.
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Negative controls were performed to assess the specificity of IHC signal staining patters and
identify experimental artifacts. In this process, the tissue sections were processed without the
addition of primary antibody. Fig. 6.b illustrates the typical negative control IHC results (uniform
blue counterstain but no brown reaction product) observed in both the host and transplant mass
tissue areas.
The anti-E-Cadherin antibody that detected appropriately sized WB signal bands with some
tumor cell line extracts (including SK) also generated IHC signals in the tissue sections (Fig.
6.c). The signal pattern was mostly membrane/cytoplasmic in the basal squamous cells of the
cheek pouch external surface and somewhat indistinctly localized but sometimes darker in the
more central regions of the tumor masses.
While the anti-EGFRVIII antibody did not generate detectable WB signal bands with extracts
from A2 or SK cells, it did generate IHC signals in the tissue sections (Fig. 6.d). The signal
pattern was cytoplasmic in the basal squamous cells of the cheek pouch external surface but, in
the tumor masses, was similar to that noted above for E-cadherin.
The anti-HSP60 antibody that detected appropriately sized WB signal bands with all six tumor
cell line extracts also generated IHC signals in the tissue sections (Fig. 6.e). The signal pattern
there consisted of granular extra-nuclear staining in the basal squamous cells of the cheek
pouch external surface and in some regions of the tumor masses that appear to be associated
with degenerating cells.
The anti-NFB,p65 and p120 antibodies that detected appropriately sized WB signal bands with
all six tumor cell line extracts also generated IHC signals in the tissue sections (Fig. 6.f.g). The
signal pattern there for both antibodies consisted of distinct extra-nuclear staining that was
differentially located in the tumor masses and very strong in the basal squamous cells of the
cheek pouch external surface.
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The anti-Epac-1 antibody that did not generate any signal bands in our WB analysis did
generate IHC signals in the tissue sections (Fig. 6.h) with a pattern similar to that noted above
for NFB,p65 and p120.
The anti-ER (HC-20) antibody that detected appropriately sized WB signal bands only in the
MC and SK tumor cell line extracts also generated IHC signals in the tissue sections (Fig. 6.i).
The signal pattern there consisted of nuclear/perinuclear staining in basal squamous cells of the
cheek pouch external surface and in cells within some regions of the tumor masses.
While the anti-GRIP1 antibody did not but the anti Sp1 antibody did detect appropriately sized
WB signal bands with all six tumor cell line extracts, both did generate IHC signals in the tissue
sections (Fig. 6.j.k). The signal pattern there for both antibodies consisted of very distinct
nuclear staining in the basal squamous cells of the cheek pouch external surface in and mostly
in the more peripheral regions of the tumor masses
The anti-VEGF antibody that detected appropriately sized WB signal bands only in the OV and
SK tumor cell line extracts also generated IHC signals in the tissue sections (Fig. 6.l). The
signal pattern there was similar to that noted above for EGFRVIII.
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CHAPTER 4
Discussion

Our previous experience and success with the hamster cheek pouch as a convenient
transplantation site for both cells and tissues did help us pursue this project’s two specific aims.
The first aim was use of available cultured cell lines for testing and developing the basic
logistics involved in the transplantation procedure and the second aim was the subsequent
transplant assessment procedures by immunoblotting and immunohistochemical analysis. An
obvious positive attribute of the xenotransplantation system performed here is that a distinct
demarcation exists between donor tissue cells and host tissue cells at the cell/tissue
transplantation site [73].
In general, rapidly growing, and poorly differentiated tumors are more successful. Freedom from
infection and necrosis is also desirable. It should not really be surprising that some tumors will
do this since immunity and tolerance are not absolute but relative and, in tumor xenotransplantation, we are dealing with a system wherein a tissue with abnormally strong growth
potential grows in a host site with an unusually weak immune response. It is difficult to accept
entirely Billingham's hypothesis that tolerance of the sub mucosal tissue of the cheek pouch is
responsible for acceptance of human tumor grafts by hamsters [74, 75] since many human
tumors can be grown equally well in other sites. There are three main disadvantages about the
hamster cheek pouch xenotransplantation system: (a) it is not immunologically normal; (b) only
a small percentage of tumors can be transplanted in any given series; and (c) the tumor yields
are often small so that loss of the stock is always a possibility, unlike the more common
transplantable animal tumors which yield large harvests. However, a real advantage is that the
incompatibility between human tumor and animal hosts is neither absolute nor immediate but
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rather partial and gradual. In the period of rapid growth after implantation, the graft and host are
essentially compatible [136]. It is also important that transplants in the hamster cheek-pouch are
uniquely situated to permit metabolic balance studies since the blood supply to and from the
tumor is almost always confined to one fair-sized artery and one or two veins coursing just
under the cheek-pouch mucosa which could be easily cannulated [135]. Although the system is
heterologous, the cancer itself is human and may therefore yield data more valid in the
treatment of patients than studies done with animal tumors [135,136].
While our protocol development and testing regime did result in viable xenotransplant masses
with two of the tested donor cell lines (A2 and SK), important basic questions about the system
remain. For instance, first use of the A2 and SK cell lines coincided with the later development
and testing of the pouch vertical re-orientation approach and their growth rate in culture was
intermediate to that of the other cell lines (similar to TO, slower than ES, faster than OV). Thus
future assessment of the system should include direct comparison of all the cell lines using the
same optimized transplantation approach. It was also surprising that, while SK cells did not
generate tumor masses in the absence Matrigel, A2 cells generated larger tumor masses in the
absence compared to the presence of Matrigel.

Obviously, resolution of this somewhat

contradictory observation deserves more extensive testing; both more comparisons per cell line
and among the cell lines.

Finally, endocrine status of the host animals also deserves

consideration. For instance, in addition to the young but post-pubertal and thus estrous-cycling
host animals (and thus alternately estrogen- and progestin-exposed) used for this initial system
assessment, future assessments of endocrine-modified hosts (ovariectomized, ovariectomized
plus estrogen-replaced, ovariectomized plus progestin-replaced, ovariectomized plus estrogenand progestin-replaced) may be very informative.
Regarding Western blotting analysis, in some blots there were multiple non-specific protein
bands present that caused uncertainty as to whether we were specifically detecting the correct
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protein. Initially, we just added 5 mls of PTM (Dulbecco’s phosphate-buffer Saline pH7.5 with
1% Tween 20, 5% nonfat dry milk) at room temperature (RT) for 30 minutes followed by addition
of the first antibody as a means to block non-specific protein: protein binding. Our subsequent
protocol modification involved membrane blocking with 1 drop of Strepavidin in 5 mls of PTM
(Dulbecco’s phosphate-buffer Saline pH7.5 with 1% Tween 20, 5% nonfat dry milk) at the Room
Temperature (RT) which binds non-specific protein bands in the blot followed by 1drop of Biotin
in 5 mls of PTM for 10 minutes at RT which forms a complex with streptavidin and thus should
completely block generation of non-specific protein bands. After this, the membrane was
washed three times with PBS/Tween (Dulbecco phosphate buffered saline containing 0.05%
Tween 20, pH 7.5) and three times with deionized water followed by the addition of first
antibody. This modification did eliminate the generation of multiple non-specific signal bands.
The signal is considered low for most targets if the protein of interest cannot be detected after a
1 - 30 sec exposure of the blot to signal-generating systems in WB analysis. That is why we
modified the protocol and started to add an avidin–biotin-peroxidase complex reagent
(Vectastain® ABC) prepared in PTM according to manufacturer instructions (Vector
Laboratories) rather than using Thermo Scientific Pierce High Sensitivity Streptavidin HRP
Conjugate as an exclusive peroxidase-conjugated streptavidin biotin-binding protein. This
completely eliminated the problem of poor Western blot results caused by the low signal band
intensity levels.

Contamination of cell cultures was the main problem I encountered initially in cell culture. The
biological contamination that occurred during the cell culture was yeast. Like bacterial
contamination, some cultures were turbid. During microscopic examination of cell cultures,
yeast appeared as individual ovoid or spherical particles. While it is impossible to eliminate
contamination entirely, it is possible to reduce its frequency and seriousness by gaining a
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thorough understanding of their sources and by following good aseptic technique. I started to
follow the aseptic technique seriously and used a new batch of fetal bovine serum and it
eliminated the contamination problem.
For the hamster cheek pouch xenotransplantation procedure, we originally conducted it by
pinning the cheek pouch out in a horizontal orientation on a wax plate that was placed on a
Styrofoam pad and the cells were then inserted into the cheek pouch using a horizontally
oriented pipette. That approach often resulted in considerable leakage of the introduced cell
sample. After a few initial trials, we developed a simple and effective means to optimize our cell
introduction protocol. In the modified approach, the cheek pouch is pinned to filter paper on the
Styrofoam pad that is then reoriented into a vertical position prior to cell sample introduction.
This technique essentially eliminated the leakage problem.
We did WB and IHC analyses to assess the expression of specific proteins in both donor tumor
cells and resultant tumor masses in host animals. Many of the protein targets were detected in
both analyses. However, some were detected in WB but not IHC analysis and vice versa
probably

because

the

two

procedures

result

in

different

degrees

of

protein

modification/denaturation [133]. It's also worth considering how the antibody was made. Some
antibodies are made using peptides, folded protein, or fairly denatured (sometimes deliberately,
sometimes not) protein. In general, we would expect that peptides and denatured protein will
give linear epitopes, whereas folded proteins may well give non-linear epitopes (i.e. will detect
only folded protein [134].

In any case, the IHC analyses did reveal interesting and often

expected patterns of specific staining at the cellular and subcellular level in both host and tumor
mass tissue areas. Based on these initial transplantation protocol development exercises and
subsequent proteomic profiling results, the laboratory is moving forward with the next stage of
developing and testing the proposed patient “avatar” system (i.e.
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Adapt and optimize the

xenotransplantation protocol so as to accommodate tissue samples derived from patient tumor
harvests).
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CHAPTER 5
Summary and Conclusion

We did establish a collection of cultured human cancer (breast and ovarian) cell lines that we
analyzed and used for the xenotransplantation approach. In order to harvest and introduce the
cell suspensions into the hamster cheek pouch, we developed a convenient and effective
strategy. Here we show that the hamster cheek pouch will accept human ovarian tumor cell
lines and can support the long-term (~1 month) generation of tumor masses from those
transplanted cells. Viable xenotransplant masses were established from two of those cell lines
(SKOV3 and A278P4). We generated formalin-fixed and paraffin embedded (FFPE)histology
specimens from those harvested xenotransplant masses. Furthermore, we demonstrate
approaches to assess expression of specific proteins in both donor tumor cells and resultant
tumor masses in host animals. We conducted proteomic assessment via immunoblotting
analysis of the total protein extracts prepared from the cultured cell lines and
immunohistochemical analysis of tissue sections generated from xenotransplant masses
grown in the hamster cheek pouch. Our results so far provide proof-of principle that the
hamster cheek pouch transplantation can accept human ovarian tumor cells and thus the
transplantation system is a good candidate for translational research on ways to improve the
clinical diagnosis, prognosis, and treatment of ovarian cancer.
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CHAPTER 6
Future Direction

The proteomic analyses presented here represent a starting point for the selection of candidate
proteins to be assessed for their potential as future biomarkers of ovarian cancer. Such
evaluations should include functional characterization studies to improve our understanding of
the mechanisms of ovarian cancer. During the last decade, with the development of highthroughput technologies in proteomics, several proteomics-based ovarian cancer biomarkers
showed promise in a variety of studies and provided new insights into ovarian cancer diagnosis
but few turned out to be useful in the clinic. Whether serum proteomic profiling or the
measurement of peptide markers/panels will yield the most accurate approaches to ovarian
cancer detection remains to be determined. At present, the development of an effective strategy
for early detection of ovarian cancer is a work in progress. In the future, with improvements of
proteomic techniques, including sample preparation, analysis, as well as the rationalization of
study design and the advance of bioinformatics, proteomic-based biomarkers will hopefully
contribute to early diagnosis of patients with ovarian cancer and optimization of their treatment.
Such considerations are also important with respect to expression of the other more recently
recognized class of gene products, miRNAs, especially because of the emerging evidence that
they can gain access to the blood and thereby influence other cells, tissues, organs [135-138].
In other words, they appear to represent another class of paracrine and/or endocrine signaling
agents. In fact, the Hendry laboratory is beginning to profile specific miRNA expression in
cheek pouch transplants generated from human tumor tissue samples and in the blood serum
harvested from those xenotransplant host animals.
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