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Abstract 

Small cell carcinoma of the ovary, hypercalcemic type (SCCOHT) is a rare 

and aggressive ovarian cancer that usually occurs in women in their 20s. As 

SCCOHT has a very low survival rate, an effective therapeutic solution is urgently 

needed. Genomic studies have demonstrated that concurrent dual loss of 

SMARCA4/A2, the two only ATPase of the SWI/SNF chromatin-remodeling 

complex, occurs in more than 90% SCCOHT cases, which opens the opportunity for 

developing targeted therapeutics for treating SCCOHT.   

One major challenge for preclinical studies is the discrepancy between 

preclinical and clinical outcomes. Although preclinical anti-cancer drugs are mostly 

tested in subcutaneous xenograft models, they do not provide a relevant 

environmental support for most cancer types. In contrast, orthotopical models 

potentially provides similar microenvironment for tumor development. However, the 

tumor growth monitoring is challenging for orthotopical tumours. To overcome these 

challenges, I developed SCCOHT cell lines stably expressing mKate2, a far-red 

fluorescent protein. The application of these SCCOHT cell lines in both 

subcutaneous and intrabursal models indicated that the fluorescent signals directly 

correlated to the tumor progression. Pathological analysis revealed intrabursal tumor 

contained histological features typical of SCCOHT, such as follicle-like structures. 

Metastasis and ascites were also observed in the intrabursal model. Thus, 

intrabursal model of SCCOHT mimics the microenvironment of SCCOHT tumors 
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developed in patients; introducing a fluorescent signal provides a convenient 

monitoring method of the tumor development.   

Previous studies have shown an antagonism between the SWI/SNF complex 

components and the polycomb repressive complex 2 (PRC2) in regulating various 

gene expression. As dual loss of SMARCA4 and SMARCA2 is a definitive feature of 

SCCOHT, we hypothesize that pharmaceutical inhibition of the activity of PRC2 in 

SCCOHT may be a potential therapeutic approach. Accordingly, depletion of EZH2, 

the catalytic subunit of PRC2, or pharmacological inhibition of PRC2 by either 

GSK126 or EED226 suppressed the proliferation of SCCOHT cell lines. 

Furthermore, administration of 200 mg/kg EED226 twice daily significantly 

decreased tumor progression in mice bearing the fluorescent SCCOHT1 

subcutaneous xenograft. Therefore, targeting PRC2 is a potential therapeutic 

strategy for treating SCCOHT and fluorescent imaging can be used to monitor tumor 

growth in preclinical studies.   
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Lay Summary 

SCCOHT is a very deadly ovarian cancer subtype that affects women in their 

20s. A better treatment for this disease is urgently needed. To anticipate the 

outcome in clinical trials, scientists use animal studies to test potential treatments. I 

established cancer cells with fluorescent signals that could glow inside ovary. To 

validate this model system, I implanted these cells in the mice to test the 

effectiveness of a new potential drug, EED226, for SCCOHT. After two weeks of 

treatment, EED226 slowed down the tumor growth, and the fluorescence signals 

from these cells localized the outline of tumors. These findings suggest EED226 

could be a potential treatment for SCCOHT, and these fluorescent cells can be a 

useful tool to track tumor cells inside mice during preclinical studies.  
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Chapter  1: Introduction 

1.1   Ovarian Cancer 

1.1.1 Etiology and Epidemiology of Ovarian Cancer 

Malignant neoplasms, commonly known as cancer, have been the leading cause 

of death in Canada for the past decade, responsible for 38% of all Canadian death in 

2015 (Figure 1.1) (1). Almost one in two Canadians will develop cancer in their lifetime, 

and one-quarter of them will die from the disease (1). Ovarian cancer (OC) is listed as 

the 8th frequent cancer type in female in 2017, but represents the most lethal 

gynecologic malignancy. Even though the mortality rate of ovarian cancer has been 

dropped by 2% each year from 2004 to 2012, the prognosis is still poor, with five-year 

survival rate of 45.0%, comparing with 64.2% of the survival from all cancers in women, 

and 87.5% in breast cancer, which is the leading cancer in female. (1)    

 

Figure 1.1 Incidence of death in Canada.  

 



 

2 

 

 Ovarian cancer can be subdivided into different subtypes based on its distinct 

histology presentation, including high-grade serous carcinoma (HGSC), low-grade 

serous carcinoma (LGSC), mucinous carcinoma (MC), endometrioid carcinoma (EC), 

clear cell carcinoma (CCC), and others. These histotypes are often associated with 

unique spectrum of mutations (Table 1.1) (2). Of note, the most common subtypes are 

believed to have a non-ovarian origin, even though they are categorized as ovarian 

cancer. For example, HGSCs are believed to arise from fallopian tube secretory 

epithelial cells or progenitor cells, whereas EC and CCC are associated with 

endometriosis and are believed to arise from endometrial epithelial cells (Table 1.1) (3). 

Development of primary ovarian carcinomas from non-ovarian cell of origin implies that 

ovary can provide a fertile and enriched environment for cancer precursors and cancer 

cells to grow.  
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Table 1.1 Frequent mutations and possible cell of origin in different ovarian cancer subtypes. 

Subtype 

Portion of 

ovarian 

cancer 

Frequent mutations (2) 
Possible cell of 

origins (3) 

HGSC 70% TP53, BRCA1and BRCA2 

Fallopian tube 

secretory epithelial 

cell or progenitor cell 

LGSC <5% KRAS, NRAS, or BRAF 

Fallopian tube 

secretory epithelial 

cell or progenitor cell 

MC 3% KRAS, TP53 and ERBB2 Unknown 

EC 10% 
CTNNB1, PIK3CA, KRAS, 

ARID1A, PTEN, and PPP2R1A 

Endometrial 

epithelial cell 

CCC 10% ARID1A and PIK3CA 
Endometrial 

epithelial cell 
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1.1.2 Diagnosis and Treatment of Ovarian Cancer 

Some of the common symptoms of OC include abnormal bloating and nausea, 

changes in appetite, feeling pressure in the pelvis or lower back, and swelling and pain 

in the abdomen (4). As most of these symptoms are not specific to OC and are quite 

common in women these are not particularly useful, and diagnosis of OC usually occurs 

after its progression to an advanced stage.   

During diagnosis, pathologists use FIGO (International Federation of Gynecology 

and Obstetrics) system to define the stage of disease and provide guidance for 

treatment. Stage I OC has tumor limited to the ovaries without spread to other sites, 

such as the abdomen or pelvis. Stage II suggests OC is spread to the pelvic regions, 

such as fallopian tubes or uterus. If OC spread beyond the pelvis to abdomen or lymph 

nodes, it is considered as Stage III. When metastasis of OC to other organs such as 

colon, liver and spleen, it is considered as Stage IV. (5) 

Treatment options are based on the stage of the disease and subtype of cancers. 

The current standard therapy is debulking surgery, following by adjuvant chemotherapy. 

During surgery, visible tumors are removed, and these tumor samples are used for 

histologic assessment of histotype and stage. The current chemotherapy regimen 

includes a taxane (eg. paclitaxel, docetaxel) in combination with a platinum compound 

(eg. cisplatin, carboplatin).  

The discovery of paclitaxel, a compound extracted from Pacific yew tree, 

changed the regimen of chemotherapy greatly. Paclitaxel binds to tubulin to form stable 

microtubules, which blocks the completion of mitosis and cell division, and induces cell 
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death. In combination with cisplatin, paclitaxel significantly increased the complete 

response rate and overall survival rate in 1990s (6). Cisplatin became part of the 

standard therapy in the early 1980s. Cisplatin cross-links with purine bases on DNA, 

interfere with DNA repair and induces apoptosis. Despite the side effects of cisplatin, it 

was clinically proven to combat various cancer types, including lung cancer, bladder 

cancer, and ovarian cancer (7-9). Modification of cisplatin, carboplatin, alleviates some 

of the side effects caused by cisplatin, particularly the nephrotoxic effect. In addition, 

carboplatin is found to be more stable in the body, with a half-life of 30 hours comparing 

with 1.5-3.6 hours for cisplatin (10).  

Nowadays, the current standard chemotherapy in ovarian cancer is intravenous 

administration of paclitaxel and carboplatin (TC).  However, most of the patients 

enrolled in the clinical trial for TC were high-grade serous carcinoma, and the number 

for other types of ovarian cancers were very limited. HGSC is one of the solid tumors 

that is highly sensitive to chemotherapy. Other ovarian subtypes often do not respond 

as well as the high-grade serous patients. Thereby, other strategies for choosing 

treatment regimen, such as by histological subtypes, have been raised (11, 12). 

Patients with different histological subtypes or mutation can now enroll in clinical trials 

for targeted molecular therapy and immunotherapy (13-15).  

1.2 Small Cell Carcinoma of the Ovary, Hypercalcemic Type  

SCCOHT (Small Cell Carcinoma of the Ovary, Hypercalcemic Type) was first 

described by Dr. Scully (16) in 1979, and was categorized as a distinctive 
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undifferentiated tumor by Dickerisin et al (17) after seeing eleven cases with unilateral 

large tumor with small tumor cells.  

SCCOHT is a very rare and aggressive ovarian cancer, and mostly affects young 

women with an average age of 23.9 years old, ranging from 14 month- to 71 year-old 

(18, 19). Clinical symptoms for patients are very similar to other ovarian cancer 

subtypes, includes vomiting, nausea, discomfort or pain in the abdomen, and irregular 

menstrual cycle (20). Abdominal pain is the most frequent symptom followed by 

palpable mass and enlarged waist circumference (18). Serum calcium level is elevated 

in over 60% of the preoperative-measured cases (21), but very few patients 

(approximately 5%) develop symptoms, such as polydipsia, lethargy and fatigue, 

associated with it (21). The mechanism of hypercalcemia is unknown, but it is believed 

to be associated with tumoral secretion of parathyroid hormone (PTH)-related proteins 

(22). When hypercalcemia present prior to treatment, researchers uses it as one of the 

indicators to assess treatment efficacy. Calcium level are normalized upon favorable 

treatment. In some cases where calcium level was within normal range at diagnosis, 

hypercalcimia was observed after several cycles of chemotherapy (21, 23) or during 

recurrence after surgical debulking and chemotherapy (24). Other OC biomarkers such 

as cancer antigen 125 (CA125) or carbohydrate antigen 19-9 (CA19-9) are elevated in 

some cases but not all. No correlation is observed between tumor volume or tumor 

progression and the biomarkers or tumor progression with hypercalcima (18). Common 

metastatic sites include liver, lymph nodes, peritoneum and pelvic (25).  
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1.2.1 Histology and Pathology 

Despite the aggressive nature of disease, upon laparotomy, tumors are 

unilateral, usually present in the right ovary, regardless of the stages of disease (21).  

SCCOHT tumor mass are usually range from 7 to 30 cm in the largest diameter (17, 21, 

25) in comparison to 3 cm in diameter of the normal ovary (26). Most tumors are 

encapsulated, and it appears as solid gray-tan with several cysts (25). The cross-

section of the tumor is gray or yellow tan, with multiple hemorrhage and necrosis.  

Pathologically, SCCOHT is identified by sheets of diffuse small rounded cells 

with variable numbers of large cells (21). Some of the tumors present loose growth 

pattern and most tumor cells have scanty eosinophilic cytoplasm with hyperchromatic 

nuclei. The mitotic index in SCCOHT is very high. In general, SCCOHT is a densely 

cellular and poorly differentiated malignant neoplasm. Follicle-like structures are also 

presented in 80% of the clinical cases (23).  

1.2.2 Genetics 

In 2013, a research team from Poland reported SMARCA4 loss in 2 cases of 

SCCOHT (27). Shortly after, three groups, including Huntsman lab showed the 

monogenic nature of SCCOHT, mutations in SMARCA4 gene (28-30). They 

independently performed whole-genome or whole-exome sequencing on their SCCOHT 

cohort and found 91% (83/91) of the total cases studied harbored germline or somatic 

mutation in SMARCA4 (28-30). Our group has showed expression of BRG1 

(SMARCA4) was lost in 82% of our SCCOHT cohort (30). As SMARCA4 and 

SMARCA2 (BRG1 and BRM) are the two mutually exclusive ATPase of SWI/SNF 
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chromatin remodelling complex, our lab further determined the status of BRM 

(SMARCA2) through immunohistochemistry (IHC) and found all (43/43) SCCOHT cases 

lacking BRG1 also did not express BRM (31). Interestingly, there are no mutations 

found in SMARCA2, implying a silencing event of SMARCA2 during tumorigenesis of 

SCCOHT or that SCCOHT might originate from cells lacking SMARCA2 expression. 

The dual loss of BRG1 and BRM is specific to SCCOHT, as the other ovarian tumors 

were either BRG1- or BRM-defective, but not both (32). BRG1 and BRM can be a 

promising marker for diagnosis of SCCOHT.  

1.2.3 Cell of Origin and Pathogenesis 

SCCOHT is still listed within the category of miscellaneous ovarian neoplasms in 

2014 World Health Organization classification (33), as the cell of origin for SCCOHT still 

remains debatable. IHC stains for SCCOHT are negative for inhibin, the differential 

marker for sex cord-stromal tumor (34, 35) and negative for HCG, PLAP and HPL which 

are the biomarkers for a germ cell origin (36, 37), implying SCCOHT does not share 

similar origin as the other rare type of ovarian cancer.  

It has been suggested that SCCOHT is ‘malignant rhabdoid tumor of the ovary’, 

based on a similar genetic profiling. Malignant rhabdoid tumor (MRT) is an aggressive 

childhood tumor that usually occurs in the kidney. 26% of the cases are present with 

serum hypercalcemia (38), which is also observed in some cases of SCCOHT. MRTs 

have been reported to have loss of chromosome arm 22q, which leads to the 

identification of mutations in SMARCB1, a core subunit of SWI/SNF chromatin 

remodelling complex (39, 40). Later, researchers found out 2% of MRTs are driven by 
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deleterious mutation of SMARCA4 instead of SMARCB1, and this is usually associated 

with a worse prognosis (41). As mentioned in the previous section, SCCOHT is now 

been characterized by mutations in SMARCA4. As both SMARCA4 and SMARCB1 are 

major components of SWI/SNF complex, their downstream product, DNA methylation 

patterns, are more strongly correlated between SCCOHT and MRT than between 

SCCOHT and HGSC (42). Besides the genetics and epigenetics similarities, Witkowski 

et al and Foulkes et al have also shown the similarities on the histological and clinical 

level. MRTs are also present with sheets of small cells with abundant eosinophilic 

cytoplasm, and presence of signet ring cells (also known as rhabdoid appearance). 

Similar to SCCOHT, for MRTs driven by loss of SMARAC4, it appears to be the only 

important DNA mutation in these MRT tumors (43). Given the morphological and 

genetic similarity between SCCOHT and MRTs, it suggests a common cell of origin or 

they are driven by SMARAC4 or SMARCB1 loss (29, 31, 42). 

1.2.4 Treatment and Prognosis 

SCCOHT represents less than 1% of the ovarian cancer, thus there is no 

standard or optimal treatment guidelines specific for SCCOHT. Surgical debulking 

followed by adjuvant chemotherapy is the primary treatment for small cell carcinoma. 

The most common chemotherapy regimen includes cisplatin/carboplatin in combination 

with etoposide (CE), or multi-agent regimen, VPCBAE (vinblastine cisplatin, 

cyclophosphamide, bleomycin, doxorubicin, etoposide) (18, 23). Although CE and 

VPCBAE are effective (44-47), recurrence is still rapid, within an average of 11.5 

months (18, 23), and it occurs in over 60% of the cases. Treatment with VPCBAE is 
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associated with lower rate of recurrence (18, 23), but the survival rate is still low, 15.7 

months on average.  

The overall medium survival rate is only 14.9 months, but several factors can 

favor the prognosis. Earlier stage disease is associate with improved survival. In 

Callegaro-Filho et al review, patients with stage I disease survive on an average of 35.3 

months in comparison to stage IV disease of 3.3 months (23). Similar results were 

reported in Young et al review of 150 cases and Estel et al review of 135 cases (18, 21). 

Other factors such as normal serum calcium and absence of large cells also associated 

with longer survival rate (21). Interestingly, Estel et al also find tumors with larger 

diameters (>10cm) to be one of the favorable prognostic factors (18). However, due to 

the limited sample size, these prognostic factors should be interpreted with cautions.   

Other treatment options, such as high-dose chemotherapy with autologous stem 

cell rescue has also been utilized in SCCOHT patient. After debulking surgery, patients 

underwent PAVEP (cisplatin, adriamycin, vepeside, cyclophosphamide) every 3 weeks 

for four to six cycle and followed by stem cell transplantation and high-dose 

consolidation chemotherapy with carboplatin, vepeside and cyclophosphamide. In 

Pautier et al’s study, the 5-year survival rate for 9 patients who were diagnosed as 

stage I disease is 100%, and 33% (confident interval: 16% to 56%) for stage II-IV (n=21) 

(48). Other treatments like photodynamic therapy or other new chemo-agents, such as 

HDAC inhibitors have only been demonstrated to be effective in mouse xenograft 

models (49, 50). 
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1.3 SWI/SNF complex 

1.3.1 Structure and function of SWI/SNF complex 

The SWI/SNF complex was originally discovered in yeast for its critical role of 

mating-type switching (SWI) and sucrose fermentation (SNF) (51, 52). It utilizes energy 

generated by ATP hydrolysis to mobilize nucleosomes, modulate the chromosome 

accessibility and activate gene expression (53). SWI/SNF complexes are composed of 

10 to 15 subunits, including one ATPase, core subunits and various combination of 

accessory subunits, and can be divided into two subtypes depending on the 

composition of accessory subunits. Two mutually exclusive ATPases, BRG1 

(SMARCA4) and BRM (SMARCA2) are usually co-expressed in most tissue types and 

function when the SWI/SNF complex is intact (54). Core subunits, including SMARCB1 

(SNF5), SMARCC1 (BAF155) and SMARCC2 (BAF170) are present in all variants of 

mSWI/SNF complexes. The BAF (BRG1-associated factor) complex exclusively 

contains accessory subunits such as ARID1A and ARID1B, whereas PBAF (polybromo 

BRG1-associated factor) complex exclusively contains PBRM1 and ARID2 (55, 56).  

The function of the SWI/SNF complex was studied in Drosophila and mammals 

(57).  Nucleosome mobilization involves disruption of histone-DNA interaction upon 

binding and DNA loop formation for downstream gene transcription (58). Unlike 

SWI/SNF complex in yeast, mSWI/SNF involves in both repression and activation of 

transcription. BRG1, for example, acts as an activator for CD4 expression and a 

repressor for CD8 expression activation during T lymphocyte development (59). It also 

inhibits for programmes associated with differentiation in embryonic stem cells (60). 
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1.3.2 SWI/SNF in cancer 

As SWI/SNF complex plays critical roles in regulation of gene expression, it is 

linked with tumor suppression. In fact, over 20% of human cancers harbors mutation in 

genes encoding subunits in mSWI/SNF, and mutations in these subunits appear to be 

oncogenic (61, 62).  

Malignant rhabdoid tumors (MRTs) was the first cancer type with mutations in 

SWI/SNF complex, of which 98% of the cases present SMARCB1 (SNF5) mutations 

(39, 40). Besides SMARCB1, ARID1A and SMARCA4 are the two other well-studied 

subunits. Ovarian cancer subtypes such as clear cell carcinoma and endometrioid 

carcinoma often have mutation in ARID1A subunits. Lung cancer often is associated 

with BRM or BRG1 mutations (Table 1.2). In most cases, these mutations lead to loss of 

protein expression and altered composition of SWI/SNF complex. As a result, with a 

deficient-SWI/SNF complex, regulation of target gene sets is altered and driven to a 

modified or new cellular dependency.   
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Table 1.2 Summary of frequent mutations in SWI/SNF subunits. 

SWI/SNF subunit Example of Cancer Associated 

SNF5 (SMARCB1) 

Malignant rhabdoid tumor (98%);  

Atypical teratoid/rhabdoid tumor (>95%) 

BRG1 (SMARCA4) 

SCCOHT (>90%);  

Non-small cell lung cancer;  

Malignant rhabdoid tumors (2%) 

ARID1A 

Ovarian clear cell carcinoma (46-57%);  

Endometrioid carcinoma of the ovary and uterus (30%) 
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Besides rewiring cellular dependency, these genetic perturbations can also lead 

to synthetic lethal opportunity, through which the deficiency in one of the subunits leads 

to the complex rely on the other subunits for proliferation. Several synthetic lethal 

relationships have been reported in mSWI/SNF, including SMARCA4 and SMARCA2 

(63); ARID1A and ARID1B (64).  For example, depletion of BRM (SMARCA2) in BRG1 

(SMARCA4)-mutant lung cancer cell lines caused growth arrest, suggesting these 

BRG1-mutant cells were dependent on BRM for proliferation (63). Similar impaired 

proliferation was observed when depleting ARID1B in ARID1A-deficient cells (65). 

Following the identification of the synthetic lethal interaction, potential therapeutics are 

currently under development. Dasatinib, a receptor tyrosine kinase inhibitor, can 

selectively target ARID1A-mutant ovarian clear cell carcinoma (OCCC), leading to a 

significant reduction of peritoneal disease and ascites formation in mice xenografted 

with OCCC cells TOV21G (66). Given many cancers are driven by defective SWI/SNF 

and some of these mutations lead to specific dependency on residual complex, this 

could provide threptic targets with broad cancer relevance.  

1.4 Polycomb Repressive Complex  

1.4.1 Structure and Role of PRC  

Polycomb repressive complex 1 (PRC1) and polycomb repressive complex 2 

(PRC2), the two major complexes of polycomb group proteins (PcGs), are important 

epigenetic regulators in mammals. PRC1 and PRC2 act sequentially to regulate gene 

silencing through histone post-translational modification. PRC2 induces histone 

trimethylation at lysine 27 (H3K27me3) (67), which is then recognized by PRC1 to 
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further catalyze the monoubiquitylation of histone H2A on Lys 119 (H2AK119ub1) (68). 

Together PRC1 and PRC2 silence critical genes in cell differentiation, cell cycle 

regulation and many more (69, 70). Abnormal activity of PRC2 is involved in many 

different types of cancer, which makes PRC2 a potential therapeutic target for treating 

cancer. 

The mammalian PRC2 consists at least five subunits, including enhancer of 

zeste homologue 2 (EZH2), embryonic ectoderm development (EED), suppressor of 

zeste 12 (SUZ12), RBBP4/7, and AEBP2 (71). EED and SUZ12 are the two most 

crucial components supporting catalytical function of EZH2, based on the ex vivo 

experiments (72). EZH2, the catalytic subunit of PRC2, adds methyl groups onto the 

lysine residue of proteins. The other subunits provide non-catalytic functions. EED 

subunit binds to repressive markers, including trimethylation of lysine 27 of histone H3 

(H3K27me3), to recruit PRC2 to the site required further repression and provides 

positive feedback mechanism to EZH2 to further enhance methylation marker (73). 

SUZ12, on the other hand, senses the histone H3K27me3 on the chromatin, and 

thereby tightly regulates the EZH2 activity (74).  

Based on whole exome sequencing of other cancer types, both gain and loss of 

function mutations are observed in EZH2. Deregulation of EZH2 is observed in a wide 

range of cancer types and there is much evidence suggests it has a critical role in 

tumorigenesis (75-77). Gain of function is observed in various cancers such as breast 

cancer, ovarian cancer and prostate cancer (78, 79). Overexpression of EZH2 is proven 

to be associated with poor prognosis, advance stage of disease and aggressiveness 
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(79). Kleer et al found that EZH2 expression were significantly higher in breast cancer 

cases with metastasis than the ones did not (78). 

Many inhibitors targeting PRC2 have been evaluated in preclinical and clinical 

studies. As shown in Table 1.3, many of the available compounds target EZH2 catalytic 

activity through competing with S-adenosylmethionine (SAM) for binding in the SET 

domain, the methyltransferase site of EZH2. Among these compounds, GSK126 was 

tested in phase I clinical trials for non-Hodgkin’s lymphomas (NHL), which reported very 

minimal clinical activity at the maximal dose used (80). EPZ-6438 is currently in phase II 

clinical trials for various tumor types including those with rhabdoid features, such as 

MRT or SCCOHT (81). CPI1205, another EZH2 inhibitor, is also in Phase I clinical trials 

for B-cell lymphomas. To avoid potential drug resistance, another approach of targeting 

EZH2 activity has been considered. In early 2017, two groups have independently 

synthesized compounds, A395 (82) and EED226 (83), both of which target the binding 

of EED to the H3K27me3 pocket, and prevents the further activation of EZH2 catalytic 

activity allosterically. MAK683, an improved version of EED226, is now in phase I/II for 

B-cell lymphomas and other solid tumors (84).  
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Table 1.3 The list of PRC2 inhibitors and their clincal development status. 

Compound Mechanism Disease Status 

GSK126 
SAM-competitive 

inhibitor  

Non-hodgkin’s 

lymphomas, SCCOHT 

Phase I for non-

hodgkin’s lymphomas 

– discontinued (80) 

GSK343 
SAM-competitive 

inhibitor  

Ovarian cancer  (85), 

breast cancer and prostate 

cancer (86) 

Preclincal 

EPZ-6438 
SAM-competitive 

inhibitor  

B-cell lymphoma and other 

advanced solid tumor such 

as MRT, ovarian cancer 

Phase II for MRT, 

SCCOHT, etc – 

ongoing (81) 

CPI1205 
SAM-competitive 

inhibitor  
B-cell lymphomas (86) 

Phase I for B-cell 

lymphomas (87) 

A395 

Target binding of 

EED to H3K27me3 

pocket 

B-cell lymphomas (82) Preclinical 

EED226 

Target binding of 

EED to H3K27me3 

pocket 

B-cell lymphomas (83) Preclinical 

MAK683 EED inhibitor B-cell lymphomas (84) 

Phase I/II for B-cell 

lymphomas and other 

solid tumors (84) 
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1.4.2 SWI/SNF - PRC2 antagonism  

Several groups have shown the synthetic lethality of BRG1 and BRM in cancer 

cells of various types (63, 88, 89), implying the potential effective therapies for patients 

with defective BRG1 or BRM. However, dual loss of BRG1 and BRM in SCCOHT 

implies a different biologically approach is needed for treating SCCOHT. Accumulating 

evidence suggests the antagonism between SWI/SNF complex and Polycomb 

Repressive Complex 2 (PRC2) with respect to regulations of target genes (Figure 1.3) 

(61, 62, 90). In mouse embryonic stem cells (mESCs), PRC (PRC1 and PRC2) binds to 

the chromatin to keep the suppression of gene transcription. With the presence of 

functional SWI/SNF complex, PRC1 interacts with SWI/SNF, leading to eviction of both 

PRC1 and PRC2 along with the suppression markers, H3K27me3, leading to activated 

transcription of genes required for differentiation. With defective SWI/SNF, PRC 

remains on the chromatin and differentiation is blocked while expansion of progenitor 

cells remains active and ultimately supports tumorigenesis.  Deletion of SMARCA4 

gene leads to increased localization of PRC2 complex as well as its catalytic activity of 

trimethylation of lysine 27 of histone H3 in mESCs (91). Knockdown of EZH2, the 

catalytic subunits of PRC2, leads to reduction of cell proliferation in SNF-5 (SMARCB1) 

deficient malignant rhabdoid tumor cells in vitro, and completely blocks tumor formation 

in vivo (92). Therefore, targeting PRC2 might be a potential therapeutic approach for 

treating SCCOHT.  
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Figure 1.2 Antagonism between SWI/SNF and PRC complex. 

  



 

20 

 

1.5 Animal models for studying ovarian cancer and efficacy of anti-

tumor therapeutics  

Unlike other cancer types, ovarian cancer is poorly understood, and the cell of 

origin remains unknown or disputed for many subtypes. Despite much effort to elucidate 

the biology for such a high-mortality disease, progress has been slow. One reason for 

this is that researchers have had difficulties of finding clinically representative models 

that can mimic ovarian cancer subtypes. Ovarian tumors are not made up of 

homogenous cells, but rather, it contains a very complex microenvironment, including 

primary tumor cells along with the other supporting cells, such as fibroblast and 

mesothelial cells, and inflammatory cells (93). There are different models for studying 

ovarian cancer, from the simple cell culture system to complex animal models.   

1.5.1 Mouse models 

Animal studies, or preclinical drug studies, are often utilized to test potential 

toxicity, determine the possible dosage, and the outcome of novel treatments. Mice are 

often used in the cancer research because they are small, easy to handle and 

reproduce very fast (94). They share 99% of the genes with human and researchers 

can easily manipulate their genetics. Different immunodeficient mouse types are 

available for research, including three major mouse types: BALB, C57BL/6J, and 

NOD/LtSzJ, with a decreasing strength in their immune system (95).  To successfully 

study human cancer in mice, innate immunity of host should be impaired, in which B-cell, 

T-cells and natural killer cells are absent, and other immune cells, such as dendritic 

cells and macrophages should also be defective. Mice with NOD/LtSzJ background 
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allow implantation of humanized tumor cells. The common immunodeficient stains used 

for ovarian cancer studies include NSG (NOD.Cg-PrkdcscidIl2rgtm1Wjl/SzJ), NRG 

(NOD.Cg-Rag1tm1MomIl2rgtm1Wjl/SzJ) and SCID (NOD.CB17-Prkdcscid/J).  
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Table 1.4 Comparison of mouse strain.  

Strain BALB C57BL/6J NOD/LtSzJ 

Mature B 

cells/ T cells 
Absent Absent Absent 

Dendritic 

cells 
Present Present Defectives 

Macrophages Present Present Defective 

Natural killer 

cells 
Present Present  Absent 

Leakiness Low Absent Absent 

Dendritic 

cells 
Present Present Defectives 
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1.5.2 Available xenograft models (subcutaneous, intra bursal, peritoneal)  

Xenograft models, where human cells are transplanted into mice, have been 

widely used for more than three decades due to its advantage in monitoring tumor 

growth and testing drug efficacy in vivo (96, 97). There are three main routes for ovarian 

tumor implantation, including subcutaneous (SC), intraperitoneal (IP) and intrabursal (IB) 

injection. 

In SC xenograft, tumor cells are implanted into the back or flank of the mouse. 

This is most widely used approach among the three to test drug efficacy since it is 

easier to generate, and it is more convenient to monitor tumor growth when comparing 

to other two routes. However, its limitations are obvious since it does not mimic the 

proper microenvironment and recapitulate the tumor progression. In contrast, orthotopic 

models of ovarian cancer, such as IB and IP, develop tumors at the sites where 

corresponding human tumors forms. IP xenografts are derived by injections of tumor 

cells into the peritoneal cavity, and IB xenograft involves injection of tumor cells into the 

bursal membrane which encapsulates the ovary in mouse. Both models reproduce the 

clinical environment for ovarian cancer to develop (98, 99). IB xenograft recapitulates 

the early stage of the disease whereas IP xenograft represents the advanced stage 

where metastasis occurs. Shaw et al characterized different xenograft models for using 

11 ovarian cancer cell lines, and they noticed not all of the cell lines developed tumor IB 

and IP (100). OVCA433, for example, did not development any visible IP disease after 

90 days post inoculation, but others have reported its tumor-forming capabilities in SC, 

implying a change in microenvironment has effects on the tumor formation (100). Also, 
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ascites was observed in both IP and IB models and the overall survival rate was shorter 

than SC model (100).   

Measurement of tumor growth in SC models are commonly conducted manually 

which introduce subjective and lacks accuracy. In contrast, tumors developed from 

orthotopic models are not measurable by calipers and often require the assistance of 

bioimaging.  

1.5.3 Bioimaging System 

Non-invasive techniques are essential for monitoring the tumor progression in IB 

and IP models. There are four major techniques commonly applied to tumor detection 

and tumor burden measurement: positron emission tomography (PET), magnetic 

resonance imaging (MRI), and optical imaging including encompassing 

bioluminescence imaging (BLI) and fluorescence imaging (FLI) (101). As PET and MRI 

require expensive equipment and they both require expertise during operation and data 

analysis, optical imaging techniques are most commonly used for preclinical cancer 

research. BLI and FLI are suitable for animal studies with a large amount and high 

throughput imaging (101), considering that they are cost-effective and easy to operate. 

Two main aspects should be taken into consideration when choosing the right technique 

for tumor monitoring: small tumor detection and tumor burden measurement. BLI 

techniques rely on the expression of enzyme luciferase with the presence of ATP and 

oxygen. This creates minimal background signal noise as no external light source are 

present. Studies have reported that BLI is able to detect nonpalpable tumors (<1mm) 

and is capable of detecting tumor cells after 1 day of injecting tumor cells (101, 102). In 
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comparison, FLI requires external light for excitation and therefore is more sensitive to 

autofluorescence as a result of light absorbance and light reflection (103). Therefore, 

FLI has its limitations when detecting low signals due to the high background imaging. 

Studies have shown that signal intensity captured by either BLI or FLI strongly 

correlates with tumor volume (measured by caliper) (103, 104), which indicates that 

both techniques are applicable to tumor burden measurement. 

Despite the fact that FLI is less sensitive than BLI when it comes to low signals 

and tumor detection, studies (104, 105) have demonstrated that FLI is a validated 

technique for detecting transplanted ovarian tumor cells and monitoring therapeutic 

effects in mouse studies. Moreover, BLI requires substrate injection and needs 

incubation time before imaging which is more time consuming and may cause extra 

stress to the animals. This becomes a particular important issue if the animals are 

already in studies involving frequent injection treatment, with daily or every other day 

schedule (106). 

1.5.4 mKate2 for imaging in vitro / in vivo 

After the cloning of gfp gene in 1994 (107), green fluorescent protein (GFP) 

became widely used and researchers started to develop many other variants of 

fluorescent proteins (FPs) to cover almost the whole visible spectrum. Color, brightness 

and photostability are the major criteria to think before picking the most suitable FP for 

any experiments. In animal studies, far-red fluorescent proteins (RFPs) are usually used 

instead of others as it has a favorable spectral window for tissue light-penetration (~650-

1100nm). Also, as wavelength increases (ie. far-red shifted), light-scatter intensity 
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decreases (108). Many of the far-red FPs are either dimeric or tetrameric, which make 

them unsuitable for in vivo use as their photophysics will be altered after 

oligomerization. To overcome this, many monomeric far-red FPs have been developed, 

such as mCherry, mKate2, TagRFP-T and mKO (109). Among them, mKate2 has the 

superior photobleaching dynamics in vivo (110) compared to other far-red FPs including 

mCherry, mRuby2 and TagRFP-T. Besides, it has also been reported that mKate2 has 

uniform and excellent brightness and photostability as well as low toxicity (111). 

1.6 Rationale 

As many of the preclinical anti-cancer drug testing are conducted in the 

subcutaneous xenograft model (ref…..), of which could contribute to the low 

concordance with the clinical data, a more comparable xenograft model is necessary. 

Intrabursal xenograft models, which tumors or tumor cells are implanted into the ovary 

of mouse, can provide an enriched microenvironment for tumor growth than 

subcutaneous models. However, the tumor monitoring for intrabursal models can be 

challenging as tumors are burdened inside the body. Florescence proteins can be a 

convenience tool to tag tumor cells for non-invasive tumor detection. Taken together, I 

hypothesize that the fluorescent intrabursal xenograft model can better resemble 

SCCOHT than fluorescent subcutaneous xenograft model.  

With such low survival for SCCOHT, targeted therapy for patients is urgently 

needed. With the discovery of dual deficiency in the ATPase (SMARCA4 and 

SMARCA2) of SWI/SNF complex, the epigenetic synthetic lethality becomes a plausible 

approach. The efficacy of targeting components of PRC2, the antagonistic complex with 
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SWI/SNF, has been demonstrated in various SWI/SNF-deficient cancers. Thereby, I 

hypothesize that targeting subunits of PRC2 can be a potential therapeutic approach.  
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Chapter  2: Methods 

2.1 Cell culture, resistant cell lines 

All of the cell lines were cultured in Roswell Park Memorial Institute (RPMI) 1640 

medium (Thermo Cat. #11875093) supplemented with 5-15% FBS, except HEK-293T 

(ATCC #1573), which were cultured in Dulbecco's Modified Eagle Medium (DMEM) 

supplemented with 10% FBS. 

BIN67 was derived from metastatic foci (pelvis) of SCCOHT (obtained from Dr. 

Barbara Vanderhyden, Ottawa Hospital Research Institute and Centre for Cancer 

Therapeutics, University of Ottawa) (112). SCCOHT1 were derived from recurrent 

SCCOHT (obtained from Dr. Ralf Hass, Medical University in Hannover, Germany) 

(113), and COV434 cells, derived from a cancer diagnosed as an ovarian granulosa 

tumor (114) that has lately been re-categorized as SCCOHT (Karnezis et al. manuscript 

in preparation). GSK126 resistance cell line derived from COV434, known as 

COV434EGR, was continuously cultured under 5µM of GSK126.  

Human ovarian surface epithelium cell line, iOSE090 was provided by lab 

members. ES2, JHOC5, RMG1, OVISE and OVTOKO were derived from CCOC 

patients. NOY1 was derived from an ovarian yolk sac tumor (115). These ovarian 

cancer cell lines were provided by the lab members. Rhabdoid tumor cell lines, 

including A204 and G401, were kindly provided by Dr. Bernard Weissman (University of 

North Carolina). Lung cancer cell lines, including A549, H23, H522 and H1703 were a 

gift from Dr. Wan Lam (BCCRC). The sarcoma cell line VA-ES-BJ was a gift from Dr. 
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Neilson Torstein (UBC). The lymphoma cell lines, including DB and SU-DHL-10, were 

kind gift from Dr. Christian Steidl (BCCRC).  

All the cells were maintained in a humidified 5% CO2‐containing atmosphere at 

37 °C and tested regularly for Mycoplasma. 

2.2 Construction of mKate2-Expressing SCC∂OHT cell lines 

Transfection of plasmids was performed according to manufacturer’s instructions 

using PolyJet ( SignaGen, SL100688). Briefly, mKate2 plasmid (AddGene, 68441) 

transfection was performed on three SCCOHT cells at a confluence of ~80% for 24 

hours, and cells were under G418 selection for 72 hours. Cells were sorted based on 

fluorescent signals and reseeded in 96-well plates to generate single clones. Clones 

were picked based on their proliferation rate, drug response towards known inhibitors 

(GSK126 and Qusinostat), and cell morphology. The clone sharing the most similarity 

was selected for in vivo models. 

2.3 Drug Preparation 

GSK126 (Selleckchem, S7061), Qusinostat (Selleckchem, S1096), EED226 

(Selleckchem, S8496) were used in in vitro drug testing. All drugs were dissolved in 

DMSO (Dimethyl Sulfoxide) (Sigma, 472301) to desired concentration and aliquoted 

into small volume. All the drugs were only allowed freeze and thawed cycle three times 

at most to prevent degradation. 
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2.4 Drug survival assay  

Cells were seeded in 96-well plate in various density ranging from 500 cells/well 

to 2000 cells/ well, based on the proliferation growth curve. Cells were exposed to 

control (DMSO) or drugs (at desired concentration) 24 hours after seeding. Serial 

dilution was made to get the desired concentration. The amount of DMSO was 

equivalent to the highest drug volume used. 

For adherent cell lines, crystal violet staining was used to determine the viability 

of cells after drug treatment. The method has been previously described (116). In brief, 

at the end of drug survival assay, cells were fixed in 96-well plate using 50µL of fixation 

buffer (10% methanol; 0.1% acetic acid) for 10 minutes, and then stained with 50µL of 

0.5% crystal violet solution (in methanol) for 10 minutes. Plates were gently washed 

with tap water and air-dried overnight at room temperature. 40µL of 0.1% acetic acid 

were added to the wells to dissolve the stain, 120µL of water were added to each well 

before measuring the optical density (595 nm) with a plate reader. For suspension cell 

lines, CellTiter-Glo Luminescent Assay (Promega, G7570) was used to determine the 

viability, according to manufacture protocol. In brief, 100µL celltiter-glo compounds were 

added to each well at the end of the survival assay, and luminescent signals were 

obtained with integration time of 0.25 sec per well. 

2.5 Western Blot Analysis 

Cell lysis buffer [50mM Tris-HCl (pH 6.8), 2% SDS, 6% β-mercaptoethanol] was 

used for protein extraction from in vitro cultured cancer cells. RIPA buffer [150mM 

sodium chloride, 1.0% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 50mM Tris (pH 
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8.0)], supplemented with protease inhibitors (Roche Diagnostics, Basel, Switzerland), 

was used for protein extraction from mice tumor samples. Equal amounts of protein 

were separated by SDS-PAGE and were transferred to nitrocellulose membrane 

(ThermoFisher, LC2009). The membranes were blocked with 5% skim milk (in TBST) 

for 45 minutes, and then incubated with primary antibody for 2 hours, followed by 

secondary antibody for 1 hour. Membranes were developed using chemiluminescent 

detection system (Perkin–Elmer Life Sciences). 

Primary antibodies used in this study were: 1) anti-H3K27me3 antibody 

(Millipore, 07-449); anti-EZH2 antibody (BD Bioscience, 612667), anti-GAPDH antibody 

(Abcam, ab9485), and anti-histone H3 antibody (Abcam, ab1791). Secondary 

antibodies used in this study were horseradish peroxidase-conjugated anti-mouse and 

anti-rabbit IgG (Amersham). 

2.6 In vivo xenograft tumor model 

All procedures were carried out under the institutional guidelines of the Animal 

Care Committee of 185 the University of British Columbia (A14-0290). 

For subcutaneous xenograft experiments, 1x106cells (SCCOHT1-mKate2 and 

COV434-mKate2) or 5x106 cells (BIN67-mKate2) in 50% Matrigel / 50% RPM1 

(Corning) in a final volume of 100 μL were inoculated into the backs of female NRG 

(NOD.Rag1KO.IL2RγcKO) mice. For intrabursal experiments, 1x105cells (SCCOHT1-

mKate2 and COV434-mKate2) or 5x105cells (BIN67-mKate2) in PBS in a final volume 

of 10 μL were inoculated into the left ovary of NRG mice. For intraperitoneal 

experiments, 1x106 cells (SCCOHT1-mKate2 and COV434-mKate2) or 5x106cells 
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(BIN67-mKate2) in PBS in a final volume of 100 μL were inoculated into the peritoneal 

of female NRG mice. Tumor length (L) and width (W) measurements was obtained at 

three times a week.  Tumor volumes were calculated according to the equation Length x 

Width2 x 0.52 with the length (mm) being the longer axis of the tumor. Tumor signals 

were measured once a week using fluorescence imaging system. Mice were euthanized 

where the tumor volume reached 1000 mm3. Tumor were harvested upon necropsy and 

formalin-fixed. 

2.7 Fluorescence Imaging and data processing 

The area of tumor cells inoculation sites was shaved prior to the imaging. Mice 

were anesthetized and placed in the imaging chamber (on warmed stage) of the 

Maestro (fluorescence) imaging equipment with noses positioned in nose cones for 

continuous isoflurane flow. Exposure time ranging from 5-100ms were used to acquire 

fluorescent signals. Images were taken weekly, and mice were monitored closely for 

any signs of morbidity associated with repeated anesthesia. 

Images were processed according to manufacturer’s manual. Briefly, inoculation 

site with mKate2 signal was defined as region of known spectrum (ie. red), and naive 

NRG mouse was defined as black. Region of interest was automatically generated by 

Maestro software based on the given spectrum (red and black). Total signal was 

calculated within the region of interest and used as the output of mKate2 fluorescent 

signals. Total signals, with same exposure time, over the time course of tumor 

progression of the same mouse were plotted. Total signal counts with the same 

exposure time were compared among different mice. 
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2.8 In vivo toxicity test and efficacy studies   

For in vivo toxicity experiment, EED226 (MedChem, 2083627-02-3) was 

formulated in 0.5% HPMC and 0.5% Tween-80 as solid suspension by sonication. 

Tumor-free NRG mice were treated with either Vehicle, 10 mg/kg or 40 mg/kg EED226 

orally twice daily (BID PO) (0800/1600 hr), for 3 consecutive weeks (n=3). Mice body 

weight were measured three times a week, and mice were monitored closely for any 

signs of morbidity associated with EED226. 

  For efficacy study, COV434-mKate2 cells were injected subcutaneously to the 

back of the female NRG. Mice were randomized to treatment arms (n=8) once the 

average of tumor reached 100 mm3. Vehicle, 10 mg/kg or 40 mg/kg EED226 was 

administered orally by gavage for 3 consecutive weeks, with one day break between 

each week (M-Sat). At the end of first week of dosing, 10 mg/kg arm was increased to 

80 mg/kg EED226 to serve as another toxicity test in tumor-bearing (COV434-mKate2) 

mice. Mice were euthanized once the humane endpoints reached or at the end of 3-

week dosing. Tumors were harvested as both frozen for protein extraction and formalin-

fixed for histological examination by IHC staining. 

For combined toxicity and efficacy pilot study, SCCOHT1-mKate cells were 

inoculated subcutaneously to the back of female NRG. Mice were randomized to 

treatment arms (n=4) upon tumor size reaching 100 mm3. Vehicle or 200 mg/kg 

EED226 was administered through oral gavage for 2 consecutive weeks without break. 

Tumors were excised and weighed upon necropsy, and snap freeze for further analysis. 
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2.9 Statistical analysis 

Statistical significance between two was determined by student's t-test in all 

experiments. Survival curves and IC50 of drug treatment were determined by Prism. A p-

value < 0.05 was considered as significance. 
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Chapter  3: Development of fluorescence-labelled SCCOHT 

xenograft models 

3.1 Background 

Mouse models have been widely used for drug efficacy testing under various 

conditions. The subcutaneous xenograft model is the most widely used model for 

preclinical drug evaluation, mainly due to easy-accessible tumor monitoring and 

measurement (117). Subcutaneous tumor implantation is usually established on the 

back or in the flank of the mice, as it is believed that transplantation at these locations 

causes the least distress and will not interfere with normal body functions such as 

eating and drinking. However, subcutaneous models do not provide comparable 

microenvironment for tumor progression, as compared to primary cancer sites, which 

may result in altered drug response (117). Another drawback of such models is that 

they rarely metastasize as the tumors are usually encapsulated in the subcutaneous 

tissue (118). Therefore, the outcome of the preclinical therapeutic efficacy studies 

performed in subcutaneous xenograft models may not represent the clinical outcome. 

Orthotopic xenograft tumor models, on the other hand, which are created by 

implanting the tumor cells at its site of origin, mimic the tumor microenvironment better, 

and relevant metastasis have been reported in many orthotopic models (100, 119). For 

example, human prostate cancer cell, PC-3, injected into the prostate of nude mice 

produces tumor and metastasizes to paraaortic lymph nodes (120). Orthotopic 

xenograft models of various cancer have been used in antitumor therapeutic 



 

36 

 

experiments in preclinical studies, including colon, pancreatic, liver, lung and brain 

tumors (121). Injection of tumor cells into the intrabursal layer of the ovary in mice is the 

common orthotopic approach for studying ovarian cancer cells in vivo. But due to the 

labor-intensiveness of intrabursal injections, an intraperitoneal model is also used to 

study ovarian cancer. This is appropriate for the most common subtype of ovarian 

cancer, high grade serous carcinomas, as this cancer type metastasizes to the 

peritoneal cavity. Several studies have investigated the difference between intrabursal 

and intraperitoneal model, by comparing metastasis sites and histological staining of the 

tumor, and found intraperitoneal models can mimic the metastasis ability of disease 

better, as it spreads in the peritoneal better, whereas intrabursal mimics the local tumor 

progression (100). 

Despite both orthotopic xenograft and intraperitoneal xenograft models being an 

improvement over subcutaneous xenograft models, there are some major drawbacks. 

The most obvious limitation is the lack of reliable ways to monitor the tumor growth and 

to track metastasis. In addition, the identification of the humane endpoint by tumor 

volume can be challenging. For orthotopic models, the endpoint more relies on the 

clinical observation of the mice, which is subjective and therefore not optimally 

reproducible. As an alternative, the development of cancer cell lines stably expressing 

fluorescent proteins allows real-time detection and visualization of tumor growth as well 

as metastasis in live animals. 

During the past decades, many fluorescent proteins (FP) with a variety of 

emission wavelengths, isolated from marine organisms, have been tested in bioimaging 
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both in vitro and in vivo. FPs with emission greater than 600nm (far-red and near infra-

red) are more suitable for tumor bioimaging than the rest of the FPs for its better tissue 

penetration property as well as lower light scatter intensity (122). The mKate2, a 

recently discovered far-red fluorescent protein (FRFP), has demonstrated high 

brightness and stability, along with lower background signals and low cytotoxicity to 

cells (111). These suggest that FP imaging, specifically mKate2, can be used as a 

convenient tool for early detection of tumor progression in orthotopic xenograft models. 

The objective of this chapter is to develop mKate2-labelled SCCOHT cell 

xenograft models that can provide non-invasive tumor imaging. The specific aims 

include: 

Aim1. Establishment of SCCOHT-mKate2 cell lines 

Aim2. In vivo tumor model development of SCCOHT-mKate2 cells lines. 

3.2 Results 

3.2.1 Isolation of SCCOHT cell lines stably expressing the mKate2 fluorescent 

protein 

The mKate2 plasmid was purchased from Evrogen (cat. # FP181). The vector 

contains SV40 origin for replication in mammalian cells, and SV40 promoter which 

contains neomycin (G418) resistance gene for stable transfection selection. 

All three SCCOHT cells (BIN67, COV434 and SCCOHT1) were cultured in 

medium containing G418 at 48 hours post transfection. After G418 selection for a week, 

cells were imaged with a fluorescent microscope, which demonstrated that only ~10% of 
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cells expressed mKate2 fluorescent signal (Figurer 3.1A). Cells were then sorted based 

on the intensity of the fluorescent signal (Figurer 3.1 B). However, not all of the sorted 

population were expressing stable signals. Some of the cells lost their mKate2 

expression after several passages, even though they were under G418 selection 

(Figure 3.1 C). This was observed in all three transfected cell lines. In parallel to collect 

bulk sorted cells, single cells with high fluorescence were seeded into 96-well plates to 

isolate single clones that can express fluorescent signals ubiquitously. One clone from 

BIN67 cells and one clone from COV434 cells were successfully isolated (Figure 3.2 A, 

B), which were designated as BIN67-mKate2 and COV434-mKate2, respectively. In 

these clones, expression of mkate2 was seen in all cells and persisted in later passages 

(Figure 3.2 A, B). As SCCOHT1 cells do not proliferate as single cells, only one well 

with three clones grew up, which were collected and designated as SCCOHT1-mkate2. 

These cells expressed mKate2 expression in more than 95% of the population with 

variable intensity (Figure 3.2 C). Despite that they contained mixed populations, the 

pattern of mKate2 expression in SCCOHT1-mkate2 cells did not alter in later passages 

(Figure 3.2 C.).  
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Figure 3.1 Transfection of mKate2 into SCCOHT cells.  

(A) SCCOHT cells were transfected with mKate2 using PolyJet and under G418 selection for a week, and 

(B) sorted based on the intensity of fluorescence. (C) Sorted population were not fully expressing stable 

mKate2 signal, as circled out. 
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Figure 3.2 Isolation of SCCOHT clones with stable mKate2 expression.  

Isolation of single clone from sorted population with stable mKate2 fluorescent signal in (A) BIN67 and (B) 

COV434. Pooled clones with stable mKate2 fluorescent signal in (C) SCCOHT1. 
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3.2.2   mKate2-labelled SCCOHT cells mimic their parental cells biologically in 

vitro 

To ensure mKate2-labelled SCCOHT cells function similarly as the parental cells, 

their cell morphology, proliferation rate and drug response towards several 

pharmaceutical inhibitors were analyzed in comparison to their parental counterparts. 

All cells were seeded in 96-well plates at the same seeding density. Growth curves 

were generated by Incucyte, a real-time live cell imaging system. As shown in Figure 

3.3 a, all three SCCOHT-mKate2 cell lines proliferated at a comparable rate as the 

parental cells, and they shared very similar cell morphology (Figure 3.2 A, B, C). Our lab 

has previously reported that SCCOHT cells are sensitive towards pharmaceutical 

compounds, such as EZH2 inhibitors (123) and HDAC inhibitors (124). To ensure 

introducing mKate2 does not affect the intrinsic biological mechanism, these mKate2 

expressing SCCOHT cells were also exposed to these pharmaceutical compounds, 

along with EED inhibitor, EED226, which will be discussed further in the next chapter. 

All three mKate2 expressing cells had very comparable IC50 towards all compounds 

tested when compared against their non-expressing source lines (Figure 3.3 B, C, D).  
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Figure 3.3 Characterization of isolated clones.  

Isolated cells along with the parental cells were seeded in 96-well plates for (A) proliferation monitoring 

and 6-day drug survival assay for (B) HDAC inhibitor and (C) EZH2 inhibitor, and 9-day assays for (D) 

EED inhibitor. 
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3.2.3 Subcutaneous xenograft models of mKate2-labelled SCCOHT cells in NRG 

mice 

To test their ability to form tumor in vivo, BIN67-mKate2 (4x106 cells/mice), 

COV434-mKate2 (2x106 cells/mice) and SCCOHT1-mKate2 (2x106 cells/mice) were 

inoculated to the back of the female NRG mice subcutaneously. The number of cells for 

injection was chosen based on previous studies with corresponding parental SCCOHT 

cell lines in our lab and other labs (125).  NRG mice were selected for in vivo studies as 

they are one of the most immuno-deficient strains that support the growth of human 

primary tumors. Fluorescence was captured in all three SCCOHT xenograft models 

three days post tumor inoculation, whereas tumor mass became palpable after one to 

two-week post inoculation, depending on the cell line used (Figure 3.4 A). Signal with 

various exposure time (5 ms to 100 ms) was captured to find the optimal exposure time 

(Figure 3.4 B). At the early stage of tumor growth, when tumor was still small with weak 

fluorescent signals, short exposure time cannot capture the fluorescence signal 

effectively, especially around the edge area. Whereas, during late progression stage, 

when tumor became larger with strong signals, longer exposure time saturated the 

signal. In Figure 3.4 B, a representative example of the fluorescence signal of a 

COV434-mKate2 subcutaneous tumor at day 39 with various exposure time is depicted. 

Arrow depicted the presence of oversaturation. When tumor was lower than 100 mm3, 

shorter exposure time, such as 5 ms cannot captured the signal completely, as the 

background was too strong. The total signal between 50 ms and 100 ms various very 

little when tumor reached over 600 mm3, but the total signal at 50 ms and 100 ms still 

increased as tumor grew larger, implying the saturation of the signal at 100 ms. This 
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was further confirmed by the images captured, where highly saturated signal was 

shown in the 100 ms exposure time, in comparison with 10 ms (Figure 3.4 B). Based on 

all of the fluorescence signal from tumor progression in each cell line model, exposure 

time from 10 ms to 25 ms is optimal range. 25 ms was picked for the subsequent data 

analysis, as it provided reliable signal for tumor 2 days post inoculation and still showed 

different strength of signal when mice reached humane endpoint (tumor greater than 

1000 mm3). 

To determine whether the in vivo fluorescent signal correlates with the size of 

tumor, standard caliper-based measurement was used to determine the tumor volume. 

Mice injected with COV434-mKate2 and SCCOHT1-mKate2 cells developed 

measurable tumors around 15±2 days post inoculation and reached humane endpoints 

at day 34±4 and 32±2, respectively (Figure 3.4 C). BIN67-mKate2 model took much 

longer to grow in vivo. Average tumor size was still under 500 mm3 50 days post 

inoculation. Fluorescence signal was also plotted over the tumor progression time 

course (Figure 3.4 D). Fluorescent signals increased over time till tumor size reached 

humane endpoint (COV434 and SCCOHT1) or 500 mm3 (for BIN67), which shared very 

similar progression trend as tumor volume measured by caliper. To determine whether 

the fluorescence signal can be utilized as a means to indicate tumor volume, all the 

signal data points were plotted against the corresponding tumor volume (Figure 3.4 E). 

Pearson correlation coefficient was calculated in each model, and all three models had 

strong correlation (p < 0.0001) between the total fluorescent signal captured and tumor 

volume captured by caliper, indicating a linear relationship between fluorescence signal 

and tumor volume. In general, fluorescent signal reflects the volume of the tumor. 
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Figure 3.4 SCCOHT subcutaneous model development.  

All three mKate2 expressing cells were injected to the back of female NRG mice at the indicated cell 

density. (A) Fluorescent signals were captured once a week with various exposure time. (B) Signals are 

converted to black and white for quantification using Maestro software. White indicates the presence of 

fluorescence and black represents non-fluorescence. Arrow indicates oversaturation of the signal. Tumor 

progression based on tumor volume using (C) caliper and (D) fluorescence signal. (E) Correlation 

between fluorescent signal and tumor volume were generated with best-fit line, Pearson correlation, r. 
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3.2.4 SCCOHT intrabursal xenograft model in NRG mice 

To mimic the microenvironment of SCCOHT, BIN67-mKate2 (5x105 cells/mice), 

COV434-mKate2 (1x105 cells/mice) and SCCOHT1-mKate2 (1x105 cells/mice) cells 

were inoculated into the right ovary of female NRG mice. In mice (n=6) injected with 

COV434-mKate2 cells, fluorescent signals were detected three weeks post surgery, but 

tumor mass only became palpable 5±2 days after the appearance of fluorescent signal 

(Figure 3.5 A). Fluorescent signal was increased as tumor progressed, and some mice 

had a drop in the signal at humane endpoint, implying necrosis inside the tumor (Figure 

3.5 B). Tumors grew 35±5 days post-surgery, or 20±5 days after first sign of fluorescent 

signal, till animals reached their humane endpoint based on the clinical observation 

assessment, such as body weight change, sign of dehydration or pains. Among these 

health observations, body weight change was the most noticeable variable. When the 

tumor became palpable, the body weight increased by around 10%, implying the 

change in body weight can be another mean to monitor the tumor growth (Figure 3.5 C). 

All mice developed intrabursal tumors along with presence of ascites, but none 

metastasized (Figure 3.5 D). There was a trend that tumor weights correlated with 

fluorescence signals, but as the sample size (n=3) was too small, it did not reach 

significance (p=0.10, Pearson test).  
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Figure 3.5 COV434-mKate2 intrabursal xenograft model development. 

1x105 cells of COV434-mKate2 were injected into the right ovary of female NRG. (A, B) Fluorescent signal 

was monitored once a week. (C) Animals were weighted two times a week (D) No metastasis was 

observed in the intrabursal model. Tumor indicated by red asterisk.  (E) Tumor weight was recorded at 

the end of the study. 
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In mice (n=3) injected with SCCOHT1-mKate2 cells, only one of the animals had 

strong mKate2 expression, and the remaining two had very neglectable fluorescence 

signal (Figure 3.6 A, B). For the one (Mouse #1) with strong mKate2 signal, signal 

increased as tumor progressed (Figure 3.6 C). SCCOHT1-mKate2 intrabursal model 

took longer time to progress than COV434-mKate2 model. SCCOHT1-mKate2 model 

can grow up to 43±5 days post tumor cell inoculation, and fluorescence signal showed 

up on day 21, indicating this model can provide longer window for efficacy studies. No 

metastasis was found in any of the SCCOHT-mKate2 mice, but ascites was observed in 

two of the mice (Figure 3.6 D).  
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Figure 3.6 SCCOHT1-mKate2 intrabursal xenograft model development. 

1x105 cells of SCCOHT1-mKate2 were injected into the right ovary of female NRG. (A, B) Fluorescent 

signal for Ms #1. (C) Animals were monitored three times a week.  (D) No metastasis was observed in the 

intrabursal model. Tumor indicated by red asterisk. 
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In mice (n=3) injected with BIN67-mKate2 cells, all three mice developed 

intrabursal tumor successfully (Figure 3.7 A). Tumor signals, however, vary from mouse 

to mouse and the angle the signal was captured (Figure 3.7 A). Before termination, 

signal for mouse #3 was captured twice, both dorsal and ventral on day 84. As shown in 

Figure 3.7 A, different position gave off different signal intensity (exposure time = 50 

ms), implying position is critical in bioimaging.  

Mouse #1 (also shown as Ms #1) was terminated earlier in the study to check the 

growth of intrabursal tumor. For Mouse #2 and #3, as tumor grew larger, fluorescence 

signals increases (Figure 3.7 B), but Ms #3 had a drop in signal at the last time of 

measurement. Similar to the other two cell line models, the tumor became palpable 

when body weight change reached 10% (Figure 3.7 C). BIN67-mKate2 intrabursal 

model took much longer time to progress than the other two SCCOHT cell line model. It 

can grow up to 75±5 days post tumor cell inoculation. Unlike the other two cell lines, 

BIN67 was derived from metastatic foci of SCCOHT. Thus, metastasis was observed in 

all three mice, sites including spleen and peritoneal wall, despite the size of the primary 

tumor. The metastasis was further confirmed by bioimaging (Figure 3.7 D), and asities 

were present in two mice. 
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Figure 3.7 BIN67-mKate2 intrabursal xenograft model development. 

5x105 cells of BIN67-mKate2 were injected into the right ovary of female NRG. (A) Fluorescent signal of 

mouse #3. (B) Fluorescent signal was monitored once a week. (C) Animals were weighted two times a 

week.  (D) Metastasis (Yellow asterisk) was observed in the intrabursal model. Primary tumor indicated by 

red asterisk. 
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3.2.5 Tissue attenuation in intrabursal model 

As signals obtained from intrabursal model had much lower signal than that in 

subcutaneous model, fluorescence signals were compared between in vivo and ex vivo 

measurement of intrabursal tumors to investigate whether the surrounding tissue would 

absorb some of the fluorescence signal. The in vivo signal of COV434-mKate2 

intrabursal tumors was 10-fold less than the ex vivo signal (p-value = 0.0125) and 45-

fold less than the subcutaneous tumors at comparable sizes (p-value = 0.098) (Figure 

3.8 A). In SCCOHT1-mKate2 model, in vivo signal was 5-fold less than ex vivo signal 

(p-value = 0.509) and 17-fold less than subcutaneous tumors at comparable sizes (p-

value = 0.083) (Figure 3.8 B). In vivo signal was 3-fold less than ex vivo signal in BIN67-

mKate2 model (p-value=0.468), and 6-fold less than subcutaneous tumors (p-

value=0.002). The difference between in vivo and ex vivo signals implies that tissues 

surrounding the tumor could absorb the emission signal during imaging section. The 

difference in signal strength between ex vivo intrabursal model and subcutaneous 

model could be caused by the necrosis or other issues, which will be discussed further 

in the following section. 
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Figure 3.8 Tissue attenuation in the fluorescence model. 

Fluorescence signals were normalized to tumor weight. Fluorescence signals were compared between 

subcutaneous model and intrabursal model in (A) COV434-mKate2, (B) SCCOHT1-mKate2 and (C) 

BIN67-mKate2.   
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3.2.6 Histological analysis between subcutaneous and intrabursal COV434-

mKate2 xenograft model  

Tumors from each of the xenograft model development studies were formalin-

fixed, paraffin-embedded and H&E stained. Tumors with similar tumor weight were 

selected for comparison. In COV434-mKate2 model, both subcutaneous (Figure 3.9 A) 

and intrabursal (Figure 3.9 E) model developed tumor with sheets of mixed population 

of small cells with hyperchromatic nuclei and large cells (Figure 3.9 B, C, F, G), which is 

the typical histologic features for SCCOHT. There was more necrosis as well as 

angiogenesis observed in the intrabursal model (40%) than subcutaneous model (20%) 

(Figure 3.9 C, F). Interestingly, multiple follicle-like structures were observed closer to 

the peritoneal lining of tumor in the intrabursal tumor stains, as indicated by the black 

arrow in Figure 3.9 G. Absence of BRG1 (SMARCA4) staining further confirmed the 

successful subcutaneous and intrabursal SCCOHT tumor development from COV434-

mKate2 cells (Figure 3.9 D, I).  
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Figure 3.9 Histological analysis in the COV434-mKate2 xenograft model.  

Tumors were fixed in formalin and embedded in paraffin at the end of the study and stained for H&E. 

Comparison between (A, B, C, D) subcutaneous model and (E, F, G, I) intrabursal model for COV434-

mKate2 cells. Black arrow (G&H) shows a follicle-like structure. Original magnification: B and F x5; C, D 

and G x20; H and I x40. 
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Similar pathology was observed in SCCOHT1-mKate2 xenograft model. Both 

subcutaneous (Figure 3.10 A) and intrabursal tumor (Figure 3.10 E, I) contained high 

mitotic index, large cell variants and necrosis (Figure 3.10 B, F, J). Besides, 

subcutaneous tumor contains some rhabdoid signet ring cells (Figure 3.10 C) and 

intrabursal model present with microcapillary structure (Figure 3.10 F). Follicle like 

structures were also only present in the intrabursal tumor (Figure 3.10 G).  

Interestingly, non-fluorescent intrabursal tumor were positive for BRG1 

(SMARCA4) in the intrabursal model (Figure 3.10 E, F, G, H), whereas for fluorescent 

intrabursal tumor (Figure 3.10 I, J, K, L, M), half of the tumor was positive for BRG1 

(Figure 3.10 L) and the other half was negative for BRG1 (Figure 3.10 M). For BRG1 

positive non-fluorescent tumor (Figure 3.10 H) and the part of fluorescent tumor (Figure 

3.10 L), its histological appearance featured similarities with contains some high-grade 

serous carcinoma, which typically present with branching papillary fronds, as shown in 

H&E staining in Figure 3.10 E). For BRG1 negative part of tumor (Figure 3.10 M), its 

morphology appears just as SCCOHT, sheets of high mitotic cells with presence of 

large cell variant.  
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Figure 3.10 Histological analysis in the SCCOHT1-mKate2 xenograft model. 

Tumors were fixed in formalin and embedded in paraffin at the end of the study and stained for H&E and 

IHC. Comparison between subcutaneous model (A, B, C, D) and intrabursal model in SCCOHT1-mKate2 

xenograft from non-fluorescent tumor (E, F, G, H), and fluorescent tumor (I, J, K, L). Red arrow shows 

signet ring cell (C) and black arrow shows follicle-like structures (G&H). Original magnification: B, F and J 

x5; G and H x20; C, D, K and L x40. 
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In BIN67-mKate2 xenograft model, both subcutaneous (Figure 3.11 A) and 

intrabursal (Figure 3.11 E) tumors present typical SCCOHT pathology, such as high-

grade nuclei feature, high mitotic index (Figure 3.11 B, F). Follicle like structures were 

also present in both subcutaneous and intrabursal model (Figure 3.11 C, G) and was 

negative for BRG1 (SMARCA4) stains (Figure 3.11 D, H).  Unlike the other two cell line 

model, BIN67-mKate2 model had intratumoral adipose infiltration (Figure 3.11 C, E) in 

both subcutaneous and intrabursal tumors.  
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Figure 3.11 Histological analysis in the BIN67-mKate2 xenograft model. 

Tumors were fixed in formalin and embedded in paraffin at the end of the study and stained for H&E and 

IHC. Comparison between (A, B, C, D) subcutaneous model and (E, F, G, H) intrabursal model for BIN67-

mKate2 cells. Red arrows show adipose tissue (C&F) and black arrows indicate follicle-like structure (C, 

G, H). Original magnification: B, C, D and F x20; G and H, x40. 
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3.3 Discussion 

As SCCOHT is a form of cancer with an extremely poor prognosis, there is an 

urgent need for developing targeted effective treatment options. Currently, all the 

SCCOHT preclinical studies are using subcutaneous xenograft models to predict the 

outcome for potential therapeutics. However, these models contain many drawbacks in 

terms of representation for SCCOHT. In this study, I have successfully established three 

mKate2-labelled SCCOHT cell lines. This far-red fluorescent protein, mKate2, has very 

neglectable effect in vitro, where all three SCCOHT cells with mKate2 expression show 

no significant difference in cell biological behavior, including morphology, cell 

proliferation and drug response, compared with parental cells.  

The ability to form subcutaneous tumor for three SCCOHT cell lines was 

confirmed. Among these, fluorescent SCCOHT1 and COV434 subcutaneous tumors are 

developed within 3 weeks of inoculation and provided a total of two to three weeks of 

tumor progression window for testing the efficacy of anti-cancer drug candidates. In 

contrast, BIN67-mKate2 cells develop subcutaneous tumors 40 days post inoculation. 

The successful development of intrabursal models for SCCOHT1, BIN67 and COV434 

cells confirms their tumor formation ability orthotopically. Unlike the subcutaneous 

xenograft model, ascites and abdominal tension were present in most of the intrabursal 

cases. In addition, metastasis was found for some mice bearing BIN67 intrabusal 

tumors. The histological analysis further indicates a more reliable representation of 

SCCOHT in the intrabursal model than subcutaneous model. Clinical features, such as 

follicle-like structure and angiogenesis are observed in all three intrabursal tumors. 
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Interestingly, SCCOHT1 subcutaneous tumor exhibited some rhabdoid like cells, which 

are not observed in any other models. And only tumors from BIN67 subcutaneous and 

intrabursal model present with intratumoral adipose infiltration.  

Fluorescence signals from the subcutaneous model directly correlates with tumor 

volume, implying fluorescence signals from subcutaneous mKate2-labelled SCCOHT 

cells are reliable for future studies. COV434-mKate2 intrabursal model has further 

confirmed the stability of mKate2 signal and its potential application. With the aid of 

fluorescent signals, we can have better visualize the shape of the tumor as well as 

detect the presence of tumor earlier. As subcutaneous models can easily access the 

tumor volume, mice are always randomized when tumor volume reaches 100mm3 prior 

to efficacy testing to avoid possible bias in tumor progression. However, the caliper 

measurements for small tumors are very subjective, especially when tumor is not round-

shaped. Fluorescent signal, on the other hand, can correctly capture the tumor volume, 

which allows a more objective randomization in subcutaneous model. 

The variation of fluorescence signals from BIN67 intrabursal model is likely due 

to the position of measuring the signal. As indicated in Figure 3.7 A, dorsal and ventral 

measurement for same mouse showed different signal intensity. The loss of signal 

could be caused by tissue attenuation. As mentioned earlier in this chapter, tissue 

attenuation was observed in all three models. Here, I assumed the tumor would grow 

towards dorsal side of the mouse. When tumor grew towards ventral side, some of the 

signals would be attenuated by the tissues surrounding it, leading to a drop in the 

signal.  
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Interestingly, in two of the intrabursal SCCOHT1 cases, signals are completely 

lost. Huge variation in signals are observed in this model, and tumor development are 

not as consistent as the other two cell lines. This implies a better fluorescence protein 

might be considered and conditions for intrabursal injections should be optimized. 

IHC for BRG1 (SMARCA4) are performed to further confirm the identity of the tumors.  

Unlike the other two cell lines, intrabursal SCCOHT1 tumors showed expression 

of SMARAC4. The expression of BRG1 is observed in the two non-fluorescent tumors, 

and half of the fluorescent tumor, which correlates with the loss of fluorescence signal. 

With BRG1 presence, fluorescence signals are absent. This could be caused by the 

following reasons. First, the cells injected intrabursally can be co-contaminated with 

other cell lines, as various cells are passaged at the same time. Cross-contaminated 

could happen during maintaining cell lines. As a result, after injected into mice, these 

non-SCCOHT1 cell could out-compete the growth of SCCOHT1 cell, and lead to loss of 

signals as well as expression of BRG1. This could also explain some features of high-

grade serous ovarian cancer are present in SCCOHT1 intrabursal tumor.  

Secondly, it could be caused by fusion of human DNA into mice DNA. Several 

groups have reported primary human tumor implantation can induce mouse tumor 

growth. Goldenberge and Pavia have observed two distant population of ovarian 

cancer, one of which have been proven to be murine, during tumor propagation in nude 

mice (126). However, this is not observed when passaging non-tumor human cells in 

mouse. Their findings imply the human cancer cells can induce malignancy in the host 

healthy cells. Later, Goldenberge et al used microarrays to show that human genes 
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remain functional in human-hamster hybrid tumors, and human tumors can merge their 

DNA with the host genome (127). In our case, the DNA from SCCOHT1 have emerged 

with recipient mouse genome and induce tumorigenesis in the nearby healthy mouse 

ovarian cells. This could be confirmed by single cell sequencing or to check the 

chromosome number in metaphase to differentiate the mouse cells from human cells.  

To summarize, as shown in Table 3.1, the intrabursal xenograft model represents 

SCCOHT better than subcutaneous xenograft model. The challenging tumor monitoring 

for intrabursal model can be overcome by utilizing fluorescent bioimaging system. The 

fluorescent signal can be used as an early detection method as well as defining the 

location and shape of the tumor. To avoid the anesthetic complications caused by 

bioimaging, clinical monitoring of the mice, such as body weight changes, could be a 

reliable day-to-day method of the tumor development in the later stage of progression.  
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Table 3.1 Summary of clinical and histological observation among different models. 

 

Tension in 

abdominal 
Ascites Metastasis 

Follicle-

like 

structure 

Necrosis Hemorrhage 
High mitotic 

index 
SMARCA4 IHC 

Clinic Yes Yes Yes Yes Yes Yes Yes 95% Negative 

SC No No No 
Only in 

BIN67 
Yes Little Yes Negative 

IB Yes Yes Yes Yes Yes Yes Yes Negative* 
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Chapter  4: Pharmaceutical inhibition of PRC2 complex in 

SCCOHT 

4.1 Rationale and Specific Aims 

The rare and deadly small cell carcinoma of the ovary, hypercalcemic type 

(SCCOHT) is the most common undifferentiated form of ovarian cancer in women under 

40 years old (128). The prognosis of SCCOHT patients is poor even when diagnosed at 

early stages with the 5-year survival rate being 55% in patients with stage I disease 

(129). The high mortality associated with SCCOHT is largely due to its poor response to 

conventional chemotherapy and/or radiotherapy. No guidelines for optimal treatment are 

currently available, and there is an urgent need to develop biology-informed targeted 

therapeutics for SCCOHT.  

In 2014, several labs around the world, including our lab, identified germline and 

somatic deleterious mutations in SMARCA4 gene, which encodes BRG1, one of the two 

mutually exclusive ATPases of the SWI/SNF complex, in over 90% of the cases that 

leads to loss of SMARCA4 protein (27-30). No other recurrent genetic mutations were 

discovered, suggesting that SCCOHT would be a monogenic disease. Subsequent 

study from our lab and others found that SMARCA4-deficient SCCOHTs also lack the 

expression of SMARCA2 (32), the alternative ATPase of the SWI/SNF complex, 

indicating that SCCOHT is a SWI/SNF-deficient disease devoid of both ATPases of the 

SWI/SNF complex. The SWI/SNF complex utilizes energy from ATP hydrolysis to 

control gene accessibility through nucleosome mobilization, whereas polycomb 
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repressive complex 2 (PRC2) post-translationally modifies N-terminal of histone H3 K27 

residue, which act as a binding site for polycomb repressive complex 1 (PRC1) to 

monoubiquitylate histone 2A on Lys 119 and initiate a block to transcription as well as 

create a compacted chromatin (130). As SWI/SNF complex and the PRC2  oppose 

each other to regulate gene expression in various cancer types, including SWI/SNF-

defective cancers such as SMARCB1-deficient malignant rhabdoid tumors (MRTs), 

ARID1A-deficient ovarian clear cell carcinomas, SMARCA4-deficient lung cancers, and 

PBRM1-deficient renal cancers (64, 92, 131), I aimed to address whether targeting the 

activity of PRC2 is a feasible strategy for treating SMARCA4/SMARCA2-defective 

SCCOHT.  

The objective of this chapter is to determine the therapeutic potential of targeting 

PRC2 in SCCOHT cells in vitro and evaluate the in vivo efficacy using the SCCOHT 

fluorescent xenograft models established in Chapter 3. The specific aims include: 

Aim1. Determine whether SCCOHT cells are sensitive to PRC2 subunit depletion  

Aim2. Evaluate the effect of EED inhibitor to SCCOHT cell lines and EZH2i-resistant cell 

lines 

Aim 3. To determine the toxicity of EED226 in NRG mice 

Aim 4. To investigate the efficacy of EED226 in a SCCOHT xenograft model. 
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4.2 Result 

4.2.1 SCCOHT cells are sensitive to depletion of EZH2 

The antagonism between the SWI/SNF complex and PRC2 implies the important 

role of PRC2 in SCCOHT tumorigenesis. To exploit whether SCCOHT relies on EZH2, 

the catalytic subunit of PRC2, for proliferation, we employed two specific shRNAs to 

deplete the expression of EZH2. As shown in Figure 4.1 A, both EZH2 shRNAs 

depleted EZH2 efficiently 72 hours post virus infection. The global trimethylation levels 

of histone H3 lysine 27 (H3K27me3), the target of PRC2, were also significantly 

decreased implying the loss of EZH2 activity (Figure 4.1 A). Knockdown of EZH2 

significantly inhibited the proliferation of SCCOHT cells (BIN67, SCCOHT1 and 

COV434), with SCCOHT1 cells being the most affected. Taken together, knockdown of 

EZH2 subunit of PRC2 affects the growth of SCCOHT cell lines. 
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Figure 4.1 SCCOHT cells are sensitive to EZH2 depletion. 

Cells were infected with lentivirus expression either control (shCtrl) or EZH2 shRNA. After 48-hour 

puromycin selection, cells were (A) reseeded in 24-well plates for 6 days and quantitated by crystal violet 

staining assay, and (B) harvested for western blot analysis. 
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4.2.2 SCCOHT cells are sensitive to inhibition of PRC2 catalytic activity 

4.2.2.1 SCCOHT cells are sensitive to pharmaceutical inhibition of EZH2 

Next, I determined whether catalytic inhibition of EZH2 had any effects on growth 

of SCCOHT cells. GSK126, a selective inhibitor of EZH2 that is currently being tested in 

clinical trials, was employed for in vitro studies, as it was already in clinical trials. 

GSK126 acts as a competitor with S-adenosyl-l-methionine (SAM), a co-substrate for 

PRC2, for binding to SET domain of EZH2 to de-activate its catalytic activity (63). 

GSK126 potently suppressed histone H3K27me3 level (Figure 4.2 A). In 9-day drug 

response assays, all SCCOHT cell lines were more sensitive towards GSK126 than the 

other ovarian cancer cells tested (Figure 4.2 B). Among the three SCCOHT cell lines, 

the IC50 for SCCOHT1 cells were five- or ten-fold more sensitive than BIN67 and 

COV434 in response to GSK126, respectively. When comparing IC50 among all the cell 

lines tested, SCCOHT had significantly lower IC50 than the various epithelial ovarian 

cancer cells. 
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Figure 4.2 SCCOHT cells are sensitive to pharmaceutical inhibition of EZH2. 

A) Cells were seeded and treated with GSK126 for 3 day and harvested for western blot analysis. (B) 

Cells were seeded in 96-well plates and treated with various concentration of GSK126, by serial dilution. 

(C, D) Cells were fixed and stained with crystal violet at the end of 6th day of treatment for quantitation. 
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4.2.2.2 SCCOHT cells are sensitive to pharmaceutical inhibition of EED 

subunit 

Besides targeting the catalytic subunit, recent studies have demonstrated that 

the activity of PRC2 can be effectively suppressed through allosteric targeting of its 

EED subunit. Two groups, Qi et al and He et al, have independently developed two 

EED inhibitors, EED226 and A-395, in early 2017 (82, 83). Both inhibitors bind to EED 

in the H3K27me3-binding pocket to induce conformational changes, and ultimately 

leads to suppression of PRC2 catalytic activity. I picked EED226 for both in vitro and in 

vivo testing, as it is commercially available. 

In 9-day assays, SCCOHT cells displayed great sensitivity to EED226 

(Sellekchem) with IC50 being 2.74 μM, 1.00 μM, 4.60 μM for BIN67, SCCOHT1 and 

COV434, respectively, while none of the other ovarian cancer cells tested responded to 

EED226 treatment (Figure 4.3 A, B). Although other ovarian cancer cell lines are not 

responsive to EED226, the global histone H3K27me3 levels were reduced upon 

EED226 treatment (Figure 4.3 C). Two lymphoma cell lines with active EZH2 mutations, 

DB and SU-DHL-10, were included in the 9-day assay as positive controls. DB, which 

was potently suppressed by EED226 in Qi’s study in a 14-day assay (83), was robustly 

suppressed by EED226 with IC50 being 0.090 μM (Figure 4.3 A). Similar response was 

observed in the other lymphoma cell line, SU-DHL-10 (IC50 = 0.056 μM) (Figure 4.3 A). 

Furthermore, EED226 from a different vendor (MedChem), which was later used for in 

vivo studies, displayed comparable effects on both growth suppression and H3K27me3 
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in SCCOHT cells as that from Sellekchem (Figure 4.3 D), indicating that EED226 from 

these two different sources shares equivalent potency.  

To determine whether SWI/SNF-defective cells are generally sensitive to EED 

inhibition, a panel of SWI/SNF-defective cell lines, including two rhabdoid cell lines 

(A204 and G401), four lung cancer cell lines (A549, H23, H522 and H1703) and one 

sarcoma cell line (VA-ES-BJ), were tested for their response to EED226 (Figure 4.3 E). 

Two SMARCB1-deficient rhabdoid cells lines, G401 and A204, and one SMARCB1-

deficient lung cancer cell lines, H1703, were sensitive to EED226, with IC50 of 1.27 μM, 

2.1 μM and 4.41 μM respectively. The remaining SWI/SNF-defective cell lines were 

unresponsive to EED226 in the concentration range tested. Despite sensitivity, cells 

treated with EED226 at 3 μM had inhibition of PRC2 catalytic activity, as shown by 

decrease in global histone H3K27me3 (Figure 4.3 C, G).  Overall, SCCOHT had a 

significantly lower IC50 for EED inhibition than most of the SWI/SNF-defective cell lines 

and other ovarian cancer cells tested (Figure 4.3 H). 
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Figure 4.3 SCCOHT cells are sensitive to EED inhibition.   

Cells were seeded in 96-well plates and treated with various concentration of EED226, by serial dilution, 

and monitored by Incucyte in SCCOHT cells (A), other ovarian cancer cells (B), and SWI/SNF defective 

cells (E. F). Summary of IC50 for all the cells tested (H). Cells were treated with EED226 for 3 days, and 

harvested for western blot analysis (C, D, G). Photos of EED226 treated SCCOHT cells (I). 
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4.2.2.3 Sensitivity of GSK126-resistant cells to EED226  

Several EZH2 inhibitors are being tested in the multiple clinical trials (80, 81, 84, 

87). Encouraging signs of efficacy have emerged in the clinic. One of the clinical 

challenges of effective chemotherapies is acquired treatment resistance. To test 

whether GSK126 resistant cells are still sensitive to EED226, I tested the response to 

EED226 in COV434EGR cell line, a GSK126 resistant cell line derived from COV434 

through prolonged exposure to GSK126 in our lab (Wang et al, unpublished data). 

COV434EGR cells are resistant to the treatment of 10 µM GSK126, but were not 

sensitive to EED226, with IC50 at 14.62 µM (Figure 4.4 B). Its histone H3K27me3 level 

was also decreased upon 3-day exposure to EED226 treatment (Figure 4.4 C).  
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Figure 4.4 Sensitivity of GSK126- resistant cells to EED226. 

(A, B, C) Cells were seeded in 96-well plates and treated with various concentration of GSK126 or 

EED226, by serial dilution for 6 or 9 days respectively. Cells were fixed at the end of the 6th or 9th day 

treatment and stained with crystal violet for cell survival. (D) Cells were treated with EED226 for 3 days 

and harvested for western blot analysis.  
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4.2.3 In vivo efficacy of EED226 on SCCOHT xenograft tumors 

4.2.3.1 40mg/kg EED226 (PO BID) had minimal toxicity effect in tumor-free 

NRG mice 

Before testing the anti-tumor effect of EED226, a safe dosage range was 

determined to ensure the ethics of animal studies. According to Qi’s publication, 4 

mg/kg of EED226 delayed the tumor growth after 21 days of dosing and reached stasis 

after 30 days of dosing in a Karpas422 xenograft model. Based on this finding, I tested 

two dosage 10 mg/kg and 40 mg/kg in our tumor-free female NRG mice, with dosing 

schedule of twice daily for two and half consecutive weeks with one day break between 

each week (PO BID M-Sat). As shown in Figure 4.5, 40 mg/kg EED226 twice daily 

dosing orally for 18 days has minimal effects on mice, as indicated by the limited effects 

on body weight and absence of adverse effects such as reduced activities or food 

consumption. 

 
 
Figure 4.5 EED226 had mild effect in tumor-free NRG mice. 

Effect of 40 mg/kg EED226 on body weight of tumor-free NRG animals (n=8; mean±SD).  
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4.2.3.2 80 mg/kg EED226 (PO BID) had minimal toxicity effect and very mild 

anti-tumor effect in the COV434-mKate2 subcutaneous xenograft model 

Based on the toxicity studies, I conducted the efficacy study for EED226 with two 

treatment arms: 10 mg/kg and 40 mg/kg.  After one-week dosing (PO BID M-Sat), the 

tumor progression in 40 mg/kg group did not slow down, so I increased the 10 mg/kg to 

80 mg/kg and use this group as a toxicity testing group in tumor-bearing mice. Following 

by another three weeks of dosing (PO BID M-Sun), none of the treated group show any 

significant delay in tumor progression (Figure 4.6 A, C). Tumor-bearing animals treated 

with 80 mg/kg showed no significant decrease of body weight (Figure 4.6 D). The 

histone H3K27me3 level was also checked in both treated groups. Even the 80 mg/kg 

EED226 group showed very mild effect on the drug target, histone H3K27me3 (Figure 

4.6 E), implying that the treatment at this dosage was not sufficient to suppress EZH2 

activity allosterically in COV434 cell-derived xenograft tumors.   
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Figure 4.6 EED226 had mild effect in the COV434-mKate2 subcutaneous xenograft model. 

(A, C) Growth curve of subcutaneous COV434-mKate2 xenograft tumors in mice treated with EED226 

through oral administration (PO) twice daily (BID) six days a week for three weeks (n=8; mean±SD). (B, 

D) Effect of twice daily oral administration EED226 on body weight of tumor-bearing NRG animals. (E) 

Inhibition of H3K27me3 in EED226-treated tumor.  
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4.2.3.3 200 mg/kg EED226 inhibited SCCOHT1-mKate2 xenograft tumor 

growth 

As SCCOHT-1 cells were more sensitive to EED226 in vitro, with the IC50 5-fold 

lower than COV434 cells, SCCOHT1-mKate2 cells-derived subcutaneous xenografts 

were then used for a pilot study to test the toxicity and anti-tumor effect at the same 

time. One treatment arm, 200 mg/kg EED226, was included in this pilot study, and each 

arm had 3 mice. Two and half weeks of twice daily continuous dosing (PO BID M-Sun) 

of EED226 at 200 mg/kg significantly slowed down the growth of xenografted tumors 

(Figure 4.7 A) and had very mild effect on mice body weight (Figure 4.7 B), but mice 

appeared in pain in both the control and the treatment group. After mice were 

terminated, necropsy was performed, but no sign of abnormality was observed, implying 

the pain was likely due to the twice daily dosing rather than the drug or vehicle itself.  

Fluorescence signal was also captured once a week during the study. 

Fluorescence signal was captured six days post treatment (22 days post inoculation) 

and before the end of the study. Signals for treated group was only significantly lowered 

than the control group on day 22 but not at the end of study. The average tumor weight 

dropped by ~70% in 200 mg/kg EED226 group compared with the vehicle control group 

at the end of two weeks (Figure 4.7 D). Western blotting analysis of tumor lysates 

demonstrated that the histone H3K27me3 level was significantly decreased in tumors 

harvested from EED226 treated mice, implying 200 mg/kg EED226 can effectively hit 

the target in xenograft model (Figure 4.7 E). 
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Figure 4.7 EED226 had some effect in SCCOHT1-mKate2 subcutaneous xenograft model. 

(A) Growth curve of subcutaneous SCCOHT1-mKate2 xenograft tumors in mice treated with EED226 

through oral administration (PO) twice daily (BID) for two and half weeks (n=3; mean±SD. (B) Effect of 

twice daily oral administration EED226 on body weight of tumor-bearing NRG animals. (C) Fluorescence 

signal was measured once a week throughout the treatment course. (D) Tumors were weighed and 

harvested at the end of two-week study. (E) Level of global histone H3K27me3 was measured in 

EED226-treated tumor by Western Blot.   
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4.3 Discussion  

Transformation to cancer cells requires acquisition of characteristic hallmarks, 

such as survival and proliferation, even under counteracting signals(132). These events 

require changes to the fine-tuned balance of the normal cell homeostasis, which can 

lead to deregulation of oncogenes and tumor suppressor through cellular signaling 

network. Epigenetic alterations have been widely studied and implicated in 

oncogenesis. For instance, it is known that overexpression of EZH2, the catalytic 

subunit of PRC2, can lead to a repressed epigenetic state that has been observed in 

several types of cancer (78, 79). In contrast, other cancer types show genetic loss of 

EZH2 (75-77). Collectively, disturbing the balance of homeostasis, in a given cellular 

context, in either direction can lead to oncogenesis. Many studies have shown PRC2 

and SWI/SNF complexes can serve antagonistic roles in tumorigenesis. In this chapter, 

I have shown that SWI/SNF-deficient SCCOHT cells are more sensitive to allosteric 

inhibition (i.e. EED226) and catalytic inhibitor (i.e. GSK126) of PRC2 than the other 

ovarian cancer cells. I have also demonstrated that 200 mg/kg EED226 can delay tumor 

progression in SCCOHT1 xenograft model, with mild effect on body weight or activity 

level. This study, together with our previous finding that both GSK126 and EPZ-6438, 

another catalytic inhibitor of EZH2 were effective in suppressing SCCOHT xenograft 

tumor growth, implies that SMARCA4/SMARCA2 dual deficient SCCOHT depends on 

catalytic activity of EZH2 to drive epigenetic modification and oncogenic transformation 

and pharmaceutical inhibition of EZH2 catalytic activity may serve as a putative 

therapeutic option for treating SCCOHT patients (123).  
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To better understand the dependency of PRC2 in SWI/SNF defective SCCOHT, I 

investigated the role of epigenetic activity of PRC2 in a cell line model. Our lab has 

previously shown that ablation of EZH2 in epithelial ovarian cancer cells, including 

ARID1A-deficient OVISE, slowed down their proliferation (123), yet catalytic inhibition of 

EZH2 had minimal effect on their proliferation (Figure 4.2 B), which is supported by our 

studies using another EZH2 catalytic inhibitor, EPZ-6438 (123). This difference is not 

due to the differential effects of catalytic inhibition of PRC2 because inhibition of either 

EZH2 or EED subunit led to dramatic decrease in histone H3K27me3 in all cell lines. 

These data suggest that depletion of EZH2 suppresses growth of both SCCOHT and 

other ovarian cancer cells, but inhibition of the methyltransferase activity of PRC2, 

either catalytically or allosterically, are effective specifically to SCCOHT cells.  

Several studies have reported the antagonism between SWI/SNF complex and 

PRC2, after first observation in Drosophila (54).  A panel of different SWI/SNF-defective 

cell lines were tested for EED226 sensitivity. The growth of two rhabdoid tumor cell 

lines, G401 and A204 that lose the expression SMARCB1, core component of SWI/SNF 

complex, were robustly suppressed by EED inhibition with a comparable IC50 with 

SCCOHT cell lines. G401 were also responded similarly towards EZH2 inhibitor, EPZ-

6438 (123). The morphological similarities, comparable dependence on PRC2 activity, 

and common genomic features (i.e. SWI/SNF deficiency and extremely low mutation 

burden) support that MRT and SCCOHT may share similar cell of origin (42). 

Accordingly, when SCCOHT cells were exposed to either EZH2 inhibitor or EED 

inhibitor, cells displayed neuron-like morphology (Figure 4.3 I), but this morphology 

changes were not observed when treating SCCOHT cells with cytotoxic reagents, such 
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as cisplatin, etoposide, and paclitaxel (123). A similar morphology change has also 

been reported by Knutson et al (133) when treating with EPZ-6438. Signet ring cells, the 

typical feature of MRT, were also observed in the tumors from the SCCOHT xenograft 

model discussed in Chapter 3. More studies need to be performed to explore the cell of 

origin for SCCOHT, but it might arise from very similar cell type as MRT.  

In contrast, most other SWI/SNF-defective cell lines tested were non-responsive. 

Unlike SCCOHT cells, H522 cells, a lung cancer cell line with dual loss of SMARCA4 

and SMARCA2, did not respond to EED226 in a 9-day drug assay. Similar drug 

response trend was also observed when treating with SWI/SNF-defective cell lines with 

EZH2 inhibitor, EPZ-6438 (123). Besides cell lines with deficiency in the core subunit, 

SMARCB1 or the ATPase component (SMARCA4 or SMARCA2), two ARID1A-defecive 

ovarian cancer cell lines (OVTOKO and OVISE) showed no responses towards both 

EED and EZH2 inhibitors. Unlike monogenic SCCOHT, SWI/SNF-defective lung cancer 

cells and ARID1A-deficient ovarian cancer cells have many other mutations, such as 

EGFR, KRAS, and BRCA that acts together to drive oncogenesis. A different disease 

mechanism makes these cell lines less dependent on PRC2 activity, despite similar 

perturbation leading to defective SWI/SNF as SCCOHT.  

In the pilot in vivo efficacy studies, I evaluated the efficacy of EED226 at doses 

between 40-200 mg/kg BID daily. Unlike in Qi’s paper, where the growth of lymphoma 

xenograft tumor was strongly suppressed to 4mg/kg EED226 (83), only at a dose of 

200mg/kg EED226 was able to significantly repress the growth of SCCOHT1 xenograft. 

This difference may reflect the differential sensitivity of SCCOHT cells and lymphoma 
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cells that usually carry active EZH2 activating mutations. In fact, the IC50s of EED226 in 

the lymphoma cell lines used in Qi study were at least 10-fold lower than those of 

SCCOHT1 cells.  

In addition to the reduced tumor size, the fluorescence signal in the SCCOHT1 

xenograft was reduced by EED226 treatment in both time points (6 days post treatment 

and end of study). However, the reduction was significant only at the day 6 post 

treatment, but not on the last day of the study. This could be caused by large tumor 

volume in the treated group at the end of the study, which contained large area of 

necrosis leading to loss of fluorescence signal. Although we cannot solely rely on 

fluorescent signals to monitor the tumor growth, it can be utilized as a useful tool for 

early detection of tumor and monitor the dimensions of the tumor to eliminate bias 

measurement by using caliper.  

To better predict the clinic outcome for chemotherapies, researchers have 

established different models to predict the potential drug resistance (134). Most EZH2 

inhibitors in clinical trials now are similar-structured and target SET domain of EZH2. 

Baker et al (134) and Gibaja et al (135) have illustrated one single point mutation can 

confer drug resistance to EZH2 inhibitors, implying the high likelihood of developing 

drug resistance in clinic. Targeting the methyltransferase activity is still feasible, but 

beyond binding competition at the SET domain should be considered. EED inhibitor, 

EED226, binds to the binding pocket and ultimately inhibits H3K27 methylation. Qi et al 

has reported that WSU-DLCL2, a lymphoma cell line with activating EZH2 mutation, can 

acquire resistance to EZH2 inhibitor EPZ-6438 at 10µM through point mutations of 
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EZH2 at Y641F (83). This EPZ-6438-resistant cell line remained as sensitive as the 

parental cell line to EED226 (83). Here, although EED226 can effectively suppress 

H3K27Me3 in both COV434 and COV434-EGR cells, a GSK126 resistant cell line that 

was developed by our lab through stepwise exposure to GSK126, were resistant to up 

to 10µM GSK126, COV434-EGR cells were much less responsive to EED226 than the 

parental cell line (IC50 vs IC50). This observation together with the unpublished data from 

our lab showing that GSK126 can still suppress H3K27Me3 globally in COV434-EGR 

cells (Wang et al, unpublished) suggest that COV434 gain resistance towards GSK126 

with a different mechanism than lymphoma cell lines with activating mutations. This 

needs to be further validated using clinical SCCOHT samples that are treated with 

EZH2 inhibitors. However, in vitro establishment of the resistance cells may not be 

representation of the clinic. In vivo selection for drug resistance by chronic treatment 

can be used to develop tumor with drug resistance. Cells derived from these resistant 

tumors are better mimicking the clinical outcome as these cells derive from an 

environment with the presence of biological process such as angiogenesis and hypoxia. 

Several reports suggest this in vivo then in vitro selection is more reliable than the in 

vitro selection alone (136-138).  

Taken together, our findings suggest that inactivation of SMARCA4 in SCCOHT 

may rewire their cellular signaling network to be dependent on the histone 

methyltransferase activity of EZH2 in transcriptional repression for tumorigenesis. 
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Chapter  5: Conclusion and Future Directions 

5.1 Summary of Research 

As SCCOHT patients are still being treated with the standard therapy that is 

tailored for the high grade serous ovarian cancer with very low survival rates, a more 

targeted therapeutically approach should be developed. One of the challenges impeding 

researchers from developing potential treatments is the discrepancies between clinical 

outcomes and preclinical efficacy studies using subcutaneous xenograft models, the 

most common animal models in testing drug efficacies in cancers including SCCOHT. 

Therefore, better preclinical mouse models could expedite clinical improvement. 

Intrabursal models are considered to be a better model for ovarian cancer as they 

provide primary site as well as appropriate microenvironment for ovarian tumor 

formation. 

In order to develop intrabursal models of SCCOHT with more effective tumor 

monitoring, I have established three fluorescent SCCOHT cell lines. When they were 

inoculated into mice, all three cell lines formed subcutaneous tumors and intrabursal 

tumors. The fluorescence signals of subcutaneous tumors directly correlated with tumor 

volumes, while those of intrabursal tumors did not represent tumor, suggesting that 

fluorescence microscope can be used to detect intrabursal tumor development, but the 

signal strength cannot be used to measure tumor volume faithfully. The histological 

analysis, on the other hand, further indicated that intrabursal models more closely 

resembled clinical presentations of SCCOHT than subcutaneous models. Follicle-like 

structures, typical features of SCCOHT clinical samples, and massive angiogenesis are 
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observed in all three intrabursal models. Collectively, successful intrabursal xenograft 

establishment for SCCOHT provides a better model for further studies.  

I have also shown targeting PRC2 complex in SWI/SNF-defective SCCOHT 

might be specific (Chapter 4). The allosteric inhibition of PRC2 through knockdown of 

EZH2 can effectively suppress the proliferation of SCCOHT cells. Besides, both EZH2 

inhibitor, GSK126, and EED inhibitor, EED226 effectively suppresses SCCOHT cell 

growth in vitro. Treatment of 200 mg/kg EED226 BID for two weeks significantly slowed 

down the tumor progression, measured by both tumor volume and fluorescent signals, 

in SCCOHT1-mKate2 subcutaneous xenograft model. Thus, targeting PRC2 complex is 

a promising approach for treating SCCOHT.  

5.2 Limitation and Future Directions 

In Chapter 3, subcutaneous xenograft model was successfully established. Its 

fluorescence signals correlate with tumor volume. However, two of the three mice with 

SCCOHT1-mKate2 intrabursal injection did not have fluorescence signal, but with tumor 

progression. IHC staining identified BRG1 (SMARCA4) expression in all tumor cells 

from the two mice without fluorescence signal and roughly half of the tumor from the 

mice with fluorescence. Possible explanations given in the previous chapter include 

horizontal gene transfer from mouse cells or contamination of other ovarian cancer cells 

during culture of SCCOHT1-mKate2 cells. This could be confirmed by further analysis 

such as investigating the chromosome of tumors to see if it was originated from mouse 

or human or STR analysis of cultured tumor cells to test the presence of other cell lines. 
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Single cell sequencing can also be performed on both fluorescent and non-fluorescent 

population to verify if the tumor population consists of only SCCOHT1 cells.  

With the successful establishment of SCCOHT intrabursal model, others can 

utilize intrabursal models to answer some unsolved questions. For example, most 

SCCOHT cases are unilateral, usually present in the right ovary, despite the presence 

of metastasis. With the aid of intrabursal model and bioimaging system, mechanism 

behind this unilateral presence may be studied. For example, another fluorescent-

labelled (eg. YFP or GFP) SCCOHT cells can be injected into the tumor-free ovary of 

the animal with an existing mKate2-labelled intrabursal tumor. Absence of 

tumorigenesis from the new labelled cells can further demonstrate the unilateral 

character of SCCOHT, and studies can be designed to investigate the biology behind 

this.  

In Chapter 4, EED226 was picked from the EED inhibitor category. Other EED 

inhibitors, such as A395 or MAK683 (modified version of EED226) could also be 

included in the in vitro testing to determine if inhibition of EED is specific to SCCOHT 

cells only. Oral dosing twice daily at 200 mg/kg is not plausible as animals get stressed 

and might lead to potential effects towards the study. A better formulation of EED226 

should be determined to avoid frequent dosing and can eliminate the side effects or 

dosing error caused by frequent dosing in preclinical. Besides, the current efficacy study 

was performed on subcutaneous model. As intrabursal model is a better model to mimic 

SCCOHT tumor progression than the subcutaneous model, an EED226 efficacy study 
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in intrabursal model can be conducted, and the outcome might better predict what will 

happen in clinic.  

EED226 has shown selective sensitivity towards SCCOHT cells among the other 

ovarian cancer cells and other SWI/SNF defective cells, but the underlying mechanism 

have not been revealed yet. Besides the reliance of the catalytic activity of EZH2 in 

SWI/SNF-deficient cells, Kim et al have shown that the SWI/SNF mutant cancers also 

depended on the non-catalytic activity of EZH2 (131), which supports PRC2 integrity. 

Targeting the binding pocket of EED can potentially disrupt the integrity of PRC2 and 

sensitize the SCCOHT cells to EED226. Future studies are therefore required to 

determine whether EED226 have impact on integrity of PRC2 complex. 

As mentioned in Chapter 4, many patients develop drug resistance easily. 

Treating patients with only one type of chemotherapy drug is not sufficient. 

Combinational therapy should also be considered. Our lab has previously reported the 

synergistic effect of treating SCCOHT with EZH2 inhibitor (EPZ-6438) in combination 

with HDAC inhibitor (quisinostat) (124). We found SMARCA4 re-expression and HDAC 

inhibition co-regulate a group of genes that are required for cell fate decision (124).  

Synergistic effect between EED inhibitors and HDAC inhibitors as well as other 

inhibitors should also be checked, and as well as the potential mechanism.  

Besides, potential mechanism to gain drug resistance can be predicted. We have 

established GSK126 resistant SCCOHT cells through stepwise exposure to GSK126, 

and its sensitivity towards EED inhibition decreased, suggesting that the acquired 

resistance to GSK126 in SCCOHT cells is different from lymphoma cells, which 
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accumulated mutations in SET domain of EZH2 upon acquiring resistance to GSK126 

(83). However, our observation needs to be validated with clinical samples.  

To summarize, I have development the fluorescence-labelled xenograft models 

(subcutaneous and intrabursal) for SCCOHT with intrabursal models closely mimicking 

the clinical pathological characteristics. Inhibition of PRC2 activity through targeting 

either catalytic domain of EZH2 or the EED binding pocket can be used as potential 

therapeutics for SCCOHT.   
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