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Abstract

Objective—The development of effective cancer treatments depends on the availability of cell 

lines that faithfully recapitulate the cancer in question. This study definitively re-assigns the 

histologic identities of two ovarian cancer cell lines, COV434 (originally described as a granulosa 

cell tumour) and TOV-112D (originally described as grade 3 endometrioid carcinoma), both of 

which were recently suggested to represent small cell carcinoma of the ovary, hypercalcemic type 

(SCCOHT), based on their shared gene expression profiles and sensitivity to EZH2 inhibitors.

Methods—For COV434 and TOV-112D, we re-reviewed the original pathology slides and 

obtained clinical follow-up on the patients, when available, and performed immunohistochemistry 

for SMARCA4, SMARCA2 and additional diagnostic markers on the original formalin-fixed, 

paraffin-embedded (FFPE) clinical material, when available. For COV434, we further performed 

whole exome sequencing and validated SMARCA4 mutations by Sanger sequencing. We studied 

the growth of the cell lines at baseline and upon re-expression of SMARCA4 in vitro for both cell 

lines and evaluated the serum calcium levels in vivo upon injection into immunodeficient mice for 

COV434 cells.

Results—The available morphological, immunohistochemical, genetic, and clinical features 

indicate COV434 is derived from SCCOHT, and TOV-112D is a dedifferentiated carcinoma. 

Transplantation of COV434 into mice leads to increased serum calcium level. Re-expression of 

SMARCA4 in either COV434 and TOV-112D cells suppressed their growth dramatically.

Conclusions—COV434 represents a bona fide SCCOHT cell line. TOV-112D is a 

dedifferentiated ovarian carcinoma cell line.
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INTRODUCTION

The study of cancer in vitro requires validated cell line model systems. This is especially 

true for rare cancers for which few if any cell lines exist. We and others have validated 

several ovarian cancer cell lines as accurate model systems of ovarian cancer histotypes 

based on genetic, gene expression, and immunohistochemical similarities to human 

tumours.1,2 These analyses have also raised questions about several commonly used 

ovarian cancer cell lines because their molecular and immunohistochemical profiles do not 

correspond to known ovarian cancer histotypes.

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

sometimes inherited ovarian cancer that afflicts young women and children.3–5 The cancer 

is typically diploid and characterized by near-universal mutations in SMARCA4, one of the 

two ATPase subunits of the SWI/SNF chromatin-remodelling complex.6–10 The resultant 

loss of SMARCA4, together with nonmutational loss of SMARCA2, the other SWI/SNF 
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ATPase, is highly sensitive and specific for SCCOHT.8,9,11–16 Only two bona fide SCCOHT 

cell lines have been described: BIN67 and SCCOHT1;17,18 both show dual deficiency 

of SMARCA4/SMARCA2.16 In addition, dual loss of SMARCA4/SMARCA2 (or other 

combinations of SWI/SNF proteins) can also be observed in dedifferentiated carcinomas and 

undifferentiated carcinomas of the endometrium and ovary and other rare cancers including 

the recently described SMARCA4-deficient undifferentiated thoracic sarcoma.19–28 The 

latter has recently been re-classified to represent smoking-associated undifferentiated or 

dedifferentiated non-small cell lung carcinoma rather than primary thoracic sarcoma, named 

as SMARCA4-deficient sarcomatoid thoracic carcinoma.29

COV434 cells were derived from a 26 year-old woman who was diagnosed with a granulosa 

cell tumour.30 In the original report, the cells had a stable, hyperdiploid karyotype with 

gain of chromosome 5, with a subclone showing additional gain of chromosome 22q.30 

Similar to normal granulosa cells, they can synthesize estradiol upon stimulation with 

follicle stimulating hormone in culture.31 Based on the young patient age and absence of 

the pathognomonic FOXL2 mutation of adult granulosa cell tumour (AGCT), the reported 

features of tumour are consistent with a juvenile granulosa cell tumour (JGCT).32 To 

our knowledge, no additional clinical information has been published about the patient at 

diagnosis or follow-up. TOV-112D cells were derived from a 42 year-old woman with stage 

IIIC grade 3 endometrioid carcinoma who died only three months after surgery.33 The cell 

line showed no microsatellite instability, displayed a complex karyotype, and harboured the 

same mutation in exon 5 of TP53 (p.R172H) in both the original tumour and cell line.

We set out to characterize and compare the pathology, immunohistochemistry, and genetics 

of the original tumors and cell lines with the goal of establishing definitive diagnoses for the 

original tumours in the context of our current understanding of ovarian cancer histotypes. 

Because the cell lines in question all show dual loss of SMARCA4 and SMARCA2, we 

sought to determine whether the original tumors potentially represent misdiagnosed cases of 

SCCOHT, which would provide new cell line models for this rare and deadly disease.

METHODS

Cell lines and tissues

This study was approved under the University of British Columbia Ethics Board protocol 

H02–61375. COV434, BIN67 and SVOG3e cells were grown in DMEM/F12 supplemented 

with 10% FBS. TOV-112D, NOY1 and AN3CA cells were grown in RPMI supplemented 

with 10% FBS. BIN67 and COV434 cells were provided by Drs. Barbara Vanderhyden and 

Mikko Anttonen, respectively. TOV-112D and AN3CA cells were obtained from ATCC. 

NOY1 cells were purchased from Kerafast (Boston MA). All cell lines were certified by 

STR analysis, tested regularly for Mycoplasma (Genetica DNA Laboratories, Burlington, 

NC) and used for the study within 6 months of thawing. The unique Cellosaurus identifiers 

for COV434 and TOV-112D are RRID:CVCL_2010 and RRID:CVCL_3612, respectively.
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Exome sequencing, mapping and variant calling

Genomic DNA isolated from COV434 cells was fragmented to a target size of 150 to 200 bp 

on the Covaris E210 system and the whole-exome was sequenced as previously described.8 

Fastq files were aligned with Burrows-Wheeler Aligner (BWA) 0.7.5a to hs37d5, and the 

SAM output file was converted into a sorted BAM file using SAMtools 0.1.19. BAM files 

underwent indel realignment, duplicate marking and recalibration steps in this order with 

the Genome Analysis Toolkit (GATK) 2.8–1, where dpsnp137 was used for known SNPs 

and Mills_and_1000G_gold_ standard.indels.b37.vcf was used for known indels. Variant 

calling was carried out in tumor-only mode with HaplotypeCaller, and output VCF files 

were recalibrated with VariantRecalibrator from GATK 2.8–1. SnpEff 3.2 and SnpSift 1.9c 

were then used to annotate these VCF files with database version GRCh37.70. Only variants 

with a minimum quality score of 20 were extracted. Thereafter, we excluded variants with 

a Global Minor Allele Frequency >= 0.01 and those somatic coding variants (SNVs) that 

either appeared in the 1000 Genomes Project database, the dbSNP database or the National 

Heart, Lung, and Blood Institute (NHLBI) Exome Sequencing Project database, assuming 

that these SNVs might be of less importance for tumorigenesis.

Sanger sequencing

The identified SMARCA4 mutations, chr19:11145589: G:C in COV434 

and chr19: 11145589: C del in TOV-112D, were validated by 

Sanger sequencing. M13 tagged PCR primer sets were designed to 

amplify regions of the putative SMARCA4 mutation sites: SMARCA4-

Splice11145589-F (TGTAAAACGACGGCCAGTCCCTTCTGAACTCTCGGTGT) 

and SMARCA4-Splice11145589-R 

(CAGGAAACAGCTATGACTTCTCCTCCTCCTCCTCACA); SMARCA4-TOV112D-F 

(TGTAAAACGACGGCCAGTCCTCTGTAAGTGTTTGGTCTGG) and SMARCA4-

TOV112D-R_(CAGGAAACAGCTATGACAACCTGCCGGGAATTCAAA). PCR products 

were purified using EXoSAP-IT (USB products Affymetrix). Sequencing reactions were 

done in both forward and reverse directions using M13 primers and the ABI BigDYe 

terminatore v3.1 cycle sequencing kit (Applied Biosystems). Amplified products were then 

sequenced using an ABI Prism 3130x Genetic Analyzer by Source Bioscience.

Immunohistochemistry

Formalin fixed, paraffin embedded tissue blocks were sectioned at 4μm thickness onto 

Superfrost+ glass slides and were processed using the Ventana Discovery XT, and the 

Ventana Benchmark XT and Benchmark Ultra automated systems (Ventana Medical 

Systems, Tucson, AZ, USA). Antibodies used for immunohistochemistry are listed in 

Supplemental Table S1.

Western blotting

Whole-cell extracts were obtained for SDS-PAGE electrophoresis as previously described,34 

and western blots were performed using the SMARCA4 and SMARCA2 antibodies 

described above. Vinculin (clone hVIN-1, V9131; Sigma) was used to confirm equal protein 

loading.
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Plasmids and lentivirus packaging

The pLDpuro-SMARCA4 and pLDpuro-GFP plasmids were constructed by introducing the 

SMARCA4 and GFP cDNAs from entry vectors (Genecopeia) into the pLDpuro-EnVA 

destination vector (a gift of Dr. Jason Moffat) using Gateway reaction (Life Sciences). 

To produce lentivirus, pLDpuro-SMARCA4 and pLDpuro-GFP plasmid was co-transfected 

with packaging plasmids psPAX2 and pMD2.G into HEK293T cells. Supernatants were 

collected at 48 and 72 hours for lentivirus harvesting.34

Cell growth curves

Cells were infected with lentivirus expressing either GFP or SMARCA4, followed by 

selection with puromycin 24 hr post infection for 48 hours. Cells were then harvested 

for either Western blot analysis of SMARCA4 expression or reseeded at 5000/well in a 

96-well plate and monitored by Incucyte live cell imaging monitor. Cell confluences were 

determined and plotted over time to determine the cell proliferation curve.

Mouse xenograft studies

All of the procedures related to animal handling, care and treatment in this study were 

performed according to the guidelines approved by the Animal Care Committee of the 

University of British Columbia. Briefly, COV434 cells, 4×106 cells per mice with a 1:1 

mix of Matrigel (Corning, Corning, NY, USA) in a final volume of 200 μl, were injected 

subcutaneously into the back of NRG (NOD.Rag1KO.IL2RγcKO) mice (n=6). Tumor 

volumes and mouse weights were measured twice weekly. Tumor volume was calculated 

with the following formula: length × (width)2 × 0.52. Average tumor volumes were plotted 

over time. Serum were collected before inoculation and at the experimental endpoint. Serum 

calcium level was measured using a colorimetric Calcium Assay kit (Abcam, ab102505). 

For injection into the ovarian bursa, 1×105 COV434 cells in PBS in a final volume of 10 

μL were inoculated into the left ovary of NRG mice. Mice were monitored for health until 

they reach humane endpoint for tumor isolation. Isolated tumors were fixed in 10% neutral 

buffered formalin and embedded for histological analysis by H&E staining.

Statistical analysis

The student’s t test was used to evaluate the significant difference between 2 groups of data 

in all in vitro experiments. P < 0.05 was considered significant.

RESULTS

Dual loss of SMARCA4 and SMARCA2 proteins in COV434 and TOV-112D cells

During our previous studies on BIN67 cells, a cell line derived from a patient with 

SCCOHT,17,35 we discovered that COV434 and TOV-112D cells also lack both SMARCA4 

and SMARCA2 proteins, the two ATPase subunits of the SWI/SNF complex (Figure 1A). 

Lentivirus-mediated re-expression of SMARCA4 in both COV434 and TOV-112D cells 

strongly suppressed cell proliferation (Figure 1B and 1C), as we previously observed in 

BIN67 cells.16 Since dual loss of SWI/SNF ATPases is highly specific for SCCOHT,16 it 

raised the question whether these two cell lines were derived from primary ovarian tumors 
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that were misclassified at diagnosis. To validate the diagnosis of the original tumors from 

which COV434 and TOV-112D cells were derived,30,33 we obtained representative slides 

of the original tumours for histopathological review. STR analysis confirmed that both 

COV434 and TOV-112D cells arose from the original tumour tissue we obtained (data not 

shown).

Review of COV434 original tumour pathology

The primary tumour of COV434 cells grows as diffuse sheets of cells with occasional 

pseudofollicles containing eosinophilic luminal material (Figure 2A, upper panels). 

Cytologically, the tumour is mostly composed of monotonous small cells with high 

nucleus to cytoplasm ratio, hyperchromatic nuclei, small nucleoli and minimal eosinophilic 

cytoplasm (upper panels). Scattered throughout the tumour are clusters of larger cells with 

vesicular chromatin and more abundant eosinophilic cytoplasm, some of which adopt a 

rhabdoid appearance (Figure 2A, lower panels). Mitotic activity is high. Sparse lymphocytes 

and little intervening stroma are present. The main entities in the histological differential 

diagnosis are JGCT and SCCOHT.

Immunohistochemical staining demonstrates the tumour cells are negative for SMARCA4 

and nuclear SMARCA2 (Figure 2A). Scattered foci of cells show cytoplasmic positivity 

for SMARCA2, in particular in the regions with larger cells (Figure 2A lower panels, 

as previously reported in SCCOHT16) and are positive for the core SWI/SNF protein 

SMARCB1/INI1 (Figure 2B). The tumour cells are diffusely positive for the WT1 

transcription factor, focally positive for keratin AE1/AE3 in large cell regions (small cell 

regions showed scattered positive cells or are negative), and negative for the highly-sensitive 

sex cord-stromal tumour marker FOXL2 (Figure 2B). IHC staining results of these proteins 

and additional histologic markers are summarized in Table 1. The tumour cells are negative 

for CD10, the sex cord-stromal marker inhibin A, and the neuroendocrine tumour markers 

synaptophysin, chromogranin and CD56 (data not shown). p53 shows a wild type (variable) 

staining pattern, and the expression of mismatch repair proteins (MLH1, MSH2, MSH6 

and PMS2) is normal/intact (data not shown). Taken together, the clinicopathological and 

immunohistochemical features are those of SCCOHT, not a granulosa cell tumour.

COV434 mouse xenografts

Hypercalcemia is seen in approximately two thirds of SCCOHT patients. To determine 

whether COV434 xenografts drive the development of hypercalcemia, we injected COV434 

cells subcutaneously into immunodeficient NRG mice. This resulted in the rapid growth of 

tumours from COV434 cells (Figure 3A) with an increase in serum calcium levels from 

2.42±0.11 mM to 2.87±0.05 mM (Figure 3B, P <0.001). Upon histologic examination, 

the COV434 xenografts are undifferentiated neoplasms composed of sheets of high-grade 

monomorphic cells with brisk mitotic activity lacking both SMARCA4 and SMARCA2 

(Figure 3C).

DNA sequencing of COV434 and TOV-112D tumour cell lines and COV434 primary tumour

To determine how SMARCA4 and SMARCA2 are silenced in COV434 cells, we performed 

the whole exome sequencing and identified that SMARCA4 was the only known cancer 
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driver gene that carries either missense hotspot or truncating mutations (Supplemental 

Table S2). A SMARCA4 splice-site mutation (chr19:11145589: G:C) was identified, which 

matches the exome sequencing data of COV434 cells in the Broad Institute Cancer Cell Line 

Encyclopedia (CCLE) database. Using Sanger sequencing, we further validated that both 

COV434 primary tumor and cell line harbor this homozygous splice-site mutation (Figure 

4A). Similarly, the whole exome sequencing of TOV-112D cells by the CCLE demonstrated 

that there was a frame shift deletion in SMARCA4 gene (chr19: 11145589: C del, p.L639fs) 

(Supplemental Table S3); we confirmed the presence of this frameshift deletion mutation 

of SMARCA4, either hemizygous or homozygous, in TOV-112D cells using Sanger 

sequencing (Figure 4B). Furthermore, a TP53 missense hotspot mutation (p.R175H) was 

also identified in TOV-112D cells (Supplemental Table S3) as previously reported.33 While 

we do not have sufficient TOV-112D primary tumor sample for validation that the identical 

SMARCA4 and TP53 mutations are present in the original tumor, immunohistochemistry 

results for SMARCA4 and p53 in the original tumor are concordant with the sequencing 

results in the cell line (Figure 5B). No SMARCA2 mutations were identified in either cell 

line.

Review of TOV-112D original tumour pathology

Representative slides from the original tumour of TOV-112D demonstrate that the tumour 

shows both well differentiated and undifferentiated regions. The tumour in the well 

differentiated region grows as glands/microcysts, anastomosing sex cord-like trabeculae, 

and closed sertoliform-like tubules, with foci of possible immature morules, consistent with 

the original reported diagnosis of endometrioid carcinoma (Figures 5A, upper panels, and 

Figure 6). The glands/microcysts contain eosinophilic luminal material and are lined by cells 

ranging from cuboidal to low columnar to columnar/pseudostratified. Cytologically, the cells 

have with moderate nuclear atypia (Figure 5A, upper panels).33 There is a relatively abrupt 

transition between this well differentiated component and the solid undifferentiated region of 

the tumour (Figure 5A, lower panels), which consists of anastomosing nests and sheets of 

high-grade, monomorphic tumour cells with vesicular chromatin, small nucleoli, and scant 

eosinophilic cytoplasm – morphologic features similar to those of SCCOHT.

Immunohistochemical stains demonstrate the well differentiated portion of the tumour is 

positive for SMARCA4, SMARCA2, ER, PR, and several epithelial markers (AE1/AE3, 

MOC31, and EMA), whereas the undifferentiated portion is negative for these markers 

(Figure 5B and data not shown). Both regions show diffuse moderate to strong staining for 

p53, consistent with the reported missense mutation in the TP53 gene,33 and show intact 

mismatch repair proteins (MLH1, MSH2, MSH6 and PMS2). The well differentiated region 

is negative for PAX8, WT1, Napsin A, and HNF1 beta (Figure 6), as well as the sex cord-

stromal tumour markers FOXL2, inhibin A, and calretinin (data not shown). ARID1A and 

PTEN are intact in both the well differentiated (Figure 6) and undifferentiated region (data 

not shown). IHC results are summarized in Table 1. Taken together, the clinicopathological 

and immunohistochemical features of this tumour are those of a p53-mutant dedifferentiated 

carcinoma, not SCCOHT.
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DISCUSSION

Our analysis has clarified the diagnoses of the original tumours from which COV434 

and TOV-112D cell lines were derived. COV434 was originally described as a granulosa 

cell tumour-derived cell line and was recently suggested instead to be from SCCOHT. 

The patient’s age, extremely aggressive clinical course, and characteristic histopathology 

indicate this tumour is indeed SCCOHT. This clinicopathological impression is supported 

by immunohistochemical, molecular, and cytogenetic data demonstrating loss of SMARCA4 

and SMARCA2 expression by IHC, mutation of SMARCA4 in the original tumour, the 

diploid tumour status, and a lack of copy number alterations in the cell line. In addition, 

injection of the cell line into mice induced an increase in serum calcium, analogous to 

hypercalcemia observed in the majority of SCCOHT patients, which further supports the 

diagnosis.

TOV-112D was originally established from a tumour designated as a grade 3 endometrioid 

carcinoma based on tumour morphology and immunohistochemistry done at the time of 

diagnosis. While the loss of SMARCA4/SMARCA2 and the extremely aggressive clinical 

course are features of SCCOHT, the histopathological and immunohistochemical features 

and complex karyotype of the original tumour, and the molecular features of the cell line are 

incompatible with SCCOHT.

Our initial histopathological review of indicated the morphological features of the original 

TOV-112D tumour are those of a dedifferentiated neoplasm, which raised a broad 

differential diagnosis including a dedifferentiated carcinoma (DDC) of either endometrioid 

or non-endometrioid (i.e. high-grade serous carcinoma or clear cell carcinoma) type, 

a mesonephric-like adenocarcinoma, or even perhaps a heretofore undescribed type of 

dedifferentiated sex cord-stromal tumor. A sex cord-stromal tumor is excluded based on 

the expression of multiple epithelial markers (AE1/AE3, MOC31, claudin-4, EMA) and the 

negative sex cord-stromal markers (FOXL2, inhibin A, calretinin). SMARCA4 missense 

mutations have been reported in 2/17 mesonephric carcinomas 36, but the diffuse strong 

ER and PR, negative CD10, and dedifferentiated histology (which has not been reported 

in mesonephric carcinomas) are strong evidence against this entity. Similarly, the absence 

of a KRAS mutation 37, which is found in the majority of mesonephric carcinomas 36 

is consistent with this notion. TP53 mutations are uncommon in mesonephric carcinoma; 

one published mesonephric carcinoma with a TP53 mutation lacked a KRAS mutation but 

harbored a mutation in BCOR 36. The IHC profile – strong diffuse ER/PR and negative 

Napsin/HNF1 beta – is the opposite of the typical immunoprofile of clear cell carcinomas, 

which makes this entity highly unlikely (only 3% of ovarian clear cell carcinomas in a large 

series showed a WT1 /ER +/ HNF1 beta - immunoprofile; 38). The relatively young patient 

age and mutant p53 suggest this could be a WT1-negative tubo-ovarian high-grade serous 

carcinoma. However, the morphological features are not typical of this entity, and the cell 

line shows no supportive evidence of mutations in BRCA1/2 to support the diagnosis 37. The 

morphologic features, the diffuse strong ER/PR in the well differentiated regions, and the 

presence of a CTNNB1 mutation in the cell line (Supplemental Table S3) – which occur in 

31–60% of ovarian endometrioid carcinomas but extremely rarely (<1%) in HGSC 39–45-- 

are consistent with a dedifferentiated endometrioid carcinoma.
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DDCs are aggressive tumours (similar to SCCOHT) that have been studied extensively 

in the endometrium where it is encountered more frequently; the ovarian counterpart 

has similar morphological and molecular features, which include the loss of SMARCA4, 

SMARCA2, and other epithelial markers in the undifferentiated component.46 The current 

thinking is that most dedifferentiated carcinomas contain a well differentiated portion that 

consists of a conventional low-grade (FIGO grade 1 or 2) endometrioid carcinoma with 

mismatch repair (MMR) proteins deficiency and wild type TP53. A recent study has 

highlighted the fact that in many dedifferentiated carcinomas, the differentiated portion 

is high-grade 47, as indeed we see in this case; most of these are endometrioid histotype, 

although occasionally the carcinoma has ambiguous features. In our view, the differentiated 

component of the TOV-112D tumor resembles an endometrioid carcinoma with sex cord-

like differentiation, intact mismatch repair proteins, and mutations in TP53 and CTNNB1. 

The presence of a mutant p53 immunostaining pattern in SMARCA4-deficient DDC is 

uncommon, but it may be more common in DDC with intact SMARCA4 protein.23 In 

contrast to most DDC, microsatellite instability was not observed in TOV-112D cells, 

but the TP53 mutation may explain the complex karyotype observed in the cell line. 

PAX8 is positive in most but not all ovarian carcinomas, so the negative PAX8 does not 

preclude the diagnosis of an endometrioid (or any Mullerian) carcinoma. The negative 

cytokeratin 7 (CK7) admittedly is more unusual, but this has been reported in up to 3% of 

ovarian endometrioid carcinomas in one study,48 and we have also observed this in uterine 

endometrioid carcinomas. We speculate that the absence of PAX8 and CK7 throughout the 

tumor may reflect underlying genetic or epigenetic alterations that predisposed this tumor 

to dedifferentiation, and the undifferentiated component grew to become the TOV-112D cell 

line.

The OVK18 cell line was also suggested to represent an SCCOHT cell line, based on the 

dual loss of SMARCA4 and SMARCA2.49 OVK18 cells were reported to be established 

from a 49 year-old woman with ovarian endometrioid carcinoma with squamous metaplasia 

involving both ovaries with spread to the myometrium and peritoneum.50 While we are 

cautious not to over interpret a representative histological image, Figure 1 in the original 

publication that described the cell line clearly depicts a villoglandular neoplasm that is 

compatible with the original diagnosis of endometrioid carcinoma,50 and the reported 

presence of squamous metaplasia supports the diagnosis of endometrioid carcinoma, not 

SCCOHT. Furthermore, mutational analysis of this cell line revealed mutations in KRAS, 

PTEN, ARID1A, and TP53,2 which are commonly found in endometrioid carcinoma and 

DDC51,52 but not SCCOHT.2 OVK18 shows a hypermutated profile (14.4 mutations/Mb),2 

similar to tumours and cell lines (e.g. TOV21G) that harbour mutations in mismatch 

repair genes. Endometrioid carcinomas and DDC, but not SCCOHT, are known to harbour 

mismatch repair defect, so this further supports that OVK18 represents a hypermutated 

SMARCA4-deficient DDC cell line of the ovary. However, until the primary tumour is 

examined in more detail, it remains unclear whether SMARCA4 mutation and protein loss 

were present in the primary tumour or occurred during cell culture. Interestingly, the primary 

tumour of OVK18 cells was well differentiated, but xenograft transplantation of the cell line 

into nude mice grew an undifferentiated monomorphic tumour that was negative for estrogen 

and progesterone receptors and unresponsive to steroid hormones.50 Therefore, it is possible 
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that the primary tumour of OVK18 contained a minor undifferentiated component that grew 

out during the establishment of the cell line (i.e. the original tumour was a DDC), or a 

dedifferentiated subclone emerged upon acquiring SMARCA4 mutation in culture.

Taken together, our current study provides evidence that COV434 is a bona fide SCCOHT 

cell line, whereas TOV-112D represents a non-conventional SMARCA4 and SMARCA2-

deficient ovarian DDC cell line with TP53 and CTNNB1 mutations. In addition, despite our 

lack of access to the primary tumour tissue of OVK18, based on the histology provided in 

original publication and the published molecular characterization of this cell line, we suggest 

that OVK18 represents a hypermutated SMARCA4 and SMARCA2-deficient ovarian DDC 

cell line. The correct classification of these cell lines will guide future studies using these 

models to understand the biology of the diseases and to develop novel therapeutic strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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• The original tumour of COV434 cells displayed morphological, 

immunohistochemical, genetic, and clinical features of SCCOHT;

• The original tumour of TOV-112D cells was re-diagnosed as a 

dedifferentiated ovarian carcinoma;

• Re-expression of SMARCA4 suppressed the growth of COV434 and 

TOV-112D cells dramatically.
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Figure 1. 
Expression of SMARCA4 and SMARCA2 in COV434 and TOV-112D cell lines. A. Western 

blot analysis showing loss of SMARCA4 and SMARCA2 in COV434 and TOV-112D. B. 

Western blot analysis showing lentiviral-mediated re-expression of SMARCA4 in COV434 

and TOV-112D. C. Growth curves demonstrate SMARCA4 re-expression dramatically 

inhibits the growth of COV434 and TOV-112D.
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Figure 2. 
Histopathology and immunohistochemistry of COV434 original tumour. A. H&E-stained 

sections and immunohistochemistry for SMARCA4 and SMARCA2 of the original ovarian 

tumour. Two different regions of the tumour are depicted (upper and lower panels). Left 

images are H&E images which show the tumour grows as sheets of tumour cells with 

scattered follicle-like spaces. The tumour cells show complete loss of SMARCA4 (middle 

two panels) with foci of cytoplasmic expression of SMARCA2 (right two panels). B. 

Immunohistochemistry for WT1, keratin AE1/AE3, SMARCB1/INI1 and FOXL2. Tumour 
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cells are positive for WT1 and keratin AE1/AE3 (particularly in regions with large cells, 

as depicted), negative for FOXL2, and have intact (normal) expression of SMARCB1/INI1. 

Arrow, rhabdoid cells. All images at 400x magnification.
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Figure 3. 
COV434 mouse xenografts. A. Growth curve upon subcutaneous injection of COV434 cells 

into immunodeficient NRG mice (n=6). B. Serum calcium measurements of control and 

tumour-bearing mice. C. H&E-stained sections and immunohistochemistry for SMARCA4 

and SMARCA2 of tumor bearing xenografts. Cells with nuclear staining of both proteins 

represent internal positive controls: lymphocytes, stromal cells, and entrapped follicular 

structures. Main 3 images at 200x magnification. H&E inset (left panel) at 100x 

magnification.
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Figure 4. 
Validation of SMARCA4 mutation by Sanger sequencing in COV434 cell line and original 

tumor sample, and in TOV-112D cell line. DNA samples were extracted from both cell 

lines and the COV434 primary tumour, and Sanger Sequencing was performed. A. COV434 

sequencing using primers that amplified the splice site (chr19:11145589) of SMARCA4 
gene. The red rectangle denotes the identical mutation in COV434 cells and the original 

tumor sample compared to a reference sample. B. TOV-112D sequencing using primers that 

amplified regions around the chr19: 11145589 site of SMARCA4 gene.
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Figure 5. 
Histopathology and immunohistochemistry of TOV-112D original tumour. A. H&E-stained 

sections depicting multiple different regions of the original tumour. The tumour grows 

as glands (upper left) with focal sex cord differentiation (upper right). The tumor 

shows an abrupt transition from the glandular and corded region (asterisk *) to a 

broad undifferentiated region growing as solid sheets and nests (double asterisk **). B. 

Immunohistochemistry for SMARCA4/BRG1, SMARCA2/BRM, ER, PR, p53, and WT1 

in the region showing loss of differentiation depicted in the lower panels in Part A. 
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Images show loss of staining for SMARCA4/BRG1, SMARCA2/BRM, ER, and PR in the 

undifferentiated region and diffuse strong staining for p53 throughout the tumour, consistent 

with a missense mutation in the TP53 gene. No nuclear staining for WT1 is observed (only 

vascular staining, a positive internal control). H&E-stained images in Part A: upper panels at 

100x magnification, lower left at 40x, lower right at 200x. Immunohistochemistry in Part B 

at 100x magnification.
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Figure 6. 
Additional immunohistochemistry on the well differentiated region of TOV-112D original 

tumour. H&E-stained slide and immunohistochemistry for AE1/AE3, EMA, cytokeratin 7 

(CK7), PAX8, ARID1A, PTEN, HNF1 beta, and Napsin A. Larger images at 100x. Image 

insets at 20x magnification. The round holes in the tissue in the inset images are from tissue 

punches for TMA construction.
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Table 1.

Summary of immunohistochemistry results in COV434 and TOV-112D original tumours.

COV434 TOV-112D

Antibody Staining Slide Well differentiated Undifferentiated Slide

SMARCA4 Negative Whole Positive Negative Whole

SMARCA2 Negative Whole Positive Negative Whole

SMARCB1 Positive Whole Positive Positive Whole

WT1 Positive Whole Negative Negative Whole

p53 Wild type Whole
#

Missense mutant Missense mutant Whole

FOXL2 Negative Whole Negative Negative TMA

Inhibin A Negative Whole Negative Negative TMA

Calretinin ND Negative Negative TMA

MMR proteins
##

Intact Whole Intact Intact TMA

AE1/AE3 ND Positive Negative Whole

MOC31 ND Positive Negative TMA

Claudin-4 ND Positive Negative TMA

EMA ND Positive, patchy Negative TMA

PAX8 ND Negative Negative TMA

p16 ND Negative Diffuse strong Whole

ER ND Positive Negative Whole

PR ND Positive Negative Whole

Napsin A ND Negative Negative Whole

HNF1 beta ND Negative Negative Whole

ARID1A ND Positive Positive Whole

PTEN ND Positive Positive Whole

CD10 Negative Whole ND ND

synaptophysin Negative Whole ND ND

chromogranin Negative Whole ND ND

CD56 Negative Whole ND ND

Notes:

#
, staining was done on whole slides of cell line xenografted tumour;

##
, mismatch repair (MMR) proteins include MLH1, MSH2, MSH6 and PMS2; ND, not determined.
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