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Impact of oviductal versus ovarian epithelial cell of origin on 
ovarian endometrioid carcinoma phenotype in the mouse
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Place, Ann Arbor, MI, 48109
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Washington Heights, Ann Arbor, MI, 48109

cDepartment of Pathology and Laboratory Medicine, University of British Columbia, Vancouver, 
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dDepartment of Internal Medicine, University of Michigan Medical School, 1506 BSRB, 109 Zina 
Pitcher Place, Ann Arbor, MI, 48109

eDepartment of Human Genetics, University of Michigan Medical School, 1506 BSRB, 109 Zina 
Pitcher Place, Ann Arbor, MI, 48109

Abstract

Endometrioid carcinoma (EC) is a relatively indolent ovarian carcinoma subtype that is 

nonetheless deadly if detected late. Existing genetically engineered mouse models (GEMMs) of 

the disease, based on transformation of ovarian surface epithelium (OSE), take advantage of 

known ovarian EC driver gene lesions but do not fully recapitulate disease features seen in 

patients. An EC model in which the Apc and Pten tumour suppressor genes are conditionally 

deleted in murine OSE yields tumours that are biologically more aggressive and significantly less 

differentiated than human ECs. Importantly, OSE is not currently thought to be the cell of origin of 

most ovarian cancers, including ECs, suggesting that tumour initiation in Müllerian epithelium 

may produce tumours more closely resembling their human tumour counterparts. We have 

developed Ovgp1-iCreERT2 mice in which the Ovgp1 promoter controls expression of tamoxifen 

(TAM)-regulated Cre recombinase in oviductal epithelium – the murine equivalent of human 

Fallopian tube epithelium. Ovgp1-iCreERT2;Apcfl/fl;Ptenfl/fl mice treated with TAM or injected 

with adenovirus expressing Cre into the ovarian bursa uniformly develop oviductal or ovarian ECs, 
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respectively. Based on their morphology and global gene expression profiles, the oviduct-derived 

tumours more closely resemble human ovarian ECs than do OSE-derived tumours. Furthermore, 

mice with oviductal tumours survive much longer than their counterparts with ovarian tumours. 

The slow progression and late metastasis of oviductal tumours resembles the relatively indolent 

behaviour characteristic of so-called Type I ovarian carcinomas in humans, for which EC is a 

prototype. Our studies demonstrate the utility of Ovgp1-iCreERT2 mice for manipulating genes of 

interest specifically in the oviductal epithelium, and establish that the cell of origin is an important 

consideration in mouse ovarian cancer GEMMs.
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INTRODUCTION

Ovarian carcinomas are sub-classified into different histologic types based on their 

morphological similarity to the different types of Müllerian epithelium lining the female 

genital tract. Increasingly, genetic and immunohistochemical signatures help to define 

ovarian cancer subtypes [1]. Endometrioid carcinoma (EC) is the second most common type 

of ovarian carcinoma, representing 7–24% of cases [2,3]. Ovarian ECs are characterized by 

well-formed glands that resemble endometrial glands during the proliferative phase of the 

menstrual cycle. Most are believed to arise from the Müllerian epithelium associated with 

endometriosis or benign neoplasms known as endometrioid adenofibromas and 

endometrioid borderline tumours.

Based on both histopathological and molecular data, a “dualistic” model has been proposed 

in which ovarian carcinomas can be divided into two main categories that reflect their 

pathogenetic features [4,5]. Type I ovarian carcinomas are low-grade, relatively indolent and 

genetically stable tumours, often arising from recognizable precursor lesions, and frequently 

harbouring somatic mutations that deregulate specific cell signalling pathways or chromatin 

remodelling complexes. Endometrioid, clear cell, and mucinous carcinomas, and low-grade 

serous carcinomas are considered Type I tumours. In contrast, Type II carcinomas (mostly 

high-grade serous carcinomas) are high-grade, biologically aggressive tumours from their 

outset, with a propensity for metastasis from small-volume primary lesions. Type I tumours 

have a more favourable prognosis than the Type II tumours, largely because they are more 

likely to be detected and resected before they have metastasized. However, women with 

advanced-stage Type I carcinomas have poor overall survival, and more effective therapies 

are needed [6].

Histologic type-specific models that reflect the heterogeneity of ovarian carcinomas could be 

used to improve our understanding of their biology and to investigate new prevention 

strategies, improve early detection, and test novel therapies. Several genetically engineered 

mouse models (GEMMs) of ovarian EC have been developed based on neoplastic 

transformation of the ovarian surface epithelium (OSE) instigated by genetic lesions in the 

murine homologues of genes mutated in human ECs. For example Dinulescu et al generated 
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a model of EC based on conditional inactivation of Pten and activation of Kras in the OSE 

by injecting adenovirus expressing Cre recombinase (AdCre) into the ovarian bursal cavity 

[7]. Similarly, Guan et al reported a model of EC based on conditional inactivation of Pten 
and Arid1a in the OSE [8]. Human ovarian ECs often harbour mutations predicted to 

concomitantly activate the canonical Wnt and PI3K/AKT signalling pathways [9,10]. We 

previously described a mouse EC model in which these two pathways are dysregulated by 

conditional deletion of the Apc and Pten tumour suppressor genes in the OSE induced by 

ovarian bursal injection of AdCre [9]. Following concurrent Apc and Pten inactivation, these 

mice uniformly and rapidly develop ovarian carcinomas with some similarities to human 

ECs, although the tumours are significantly less differentiated and behave more aggressively 

than their human tumour counterparts. The previously described mouse models of ovarian 

EC arising from OSE transformation have limitations because recent studies suggest that 

many, perhaps most, ovarian carcinomas do not arise from the OSE. Indeed, Kurman and 

colleagues have proposed that both Type I and Type II ovarian carcinomas typically involve 

the ovaries as a metastatic site, or arise from extra-ovarian Müllerian cells that involve the 

ovary secondarily [11,12].

Carcinomas with endometrioid differentiation comprise the majority of uterine endometrial 

cancers, and can also arise in the fallopian tube, albeit uncommonly [13–17]. We have 

developed mice in which the Ovgp1 (oviductal glycoprotein 1) promoter is used to drive 

expression of tamoxifen (TAM)-regulated Cre recombinase specifically in the oviductal 

(equivalent to human Fallopian tube) epithelium, and not in the OSE. In this study, we 

wished to study effects of cell of origin on the morphological and biological features of 

tumours arising from Müllerian epithelium vs. the OSE. Ovgp1-iCreERT2 mice harbouring 

floxed Apc and Pten alleles were treated with TAM to induce oviductal tumour formation. 

Tumours were also induced in the OSE of genetically comparable mice by injecting AdCre 

into the ovarian bursal cavities. Our goal was to determine which of the two model systems 

yields tumours that better recapitulate the morphological features, gene expression profiles, 

and biological behaviour of human ovarian EC.

MATERIALS AND METHODS

Genetically modified mice and animal care

To generate Ovgp1-iCreERT2 transgenic mice, a codon-improved iCreERT2 cDNA was 

inserted at the translation initiation codon of Ovgp1 within a 90 kb bacterial artificial 

chromosome (BAC) (RP23-169-H9) containing the entire Ovgp1 locus, using the Counter 

Selection BAC Modification Kit (Gene Bridge, Heidelberg, Germany). Recombinant BAC 

DNA was microinjected into fertilized (C57BL/6 X SJL) F2 mouse eggs (University of 

Michigan Transgenic Animal Model Core) as described by Nagy et al [18]. Selected founder 

lines were crossed with reporter mice carrying the Gt(ROSA)26Sortm1(EYFP)Cos/J allele 

(hereafter referred to as RosaLSL-EYFP) (Jackson laboratory, Bar Harbor, ME, USA) to 

generate Ovgp1-iCreERT2;RosaLSL-EYFP double transgenic mice. The Ovgp1-iCreERT2 

mice were also crossed with Apcfl/fl;Ptenfl/fl mice to generate triple transgenic Ovgp1-
iCreERT2;Apcfl/fl;Ptenfl/fl mice. The Apcfl/fl;Ptenfl/fl mice have been described previously in 

detail [9,19,20]. All strains were maintained on a mixed genetic background, and littermates 
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were used for the Ovgp1-iCreERT2 and AdCre gene targeting. Procedures involving mice 

for the research described herein have been approved by the University of Michigan’s 

Institutional Animal Care and Use Committee (PRO00006370).

Induction of oviductal and ovarian tumours

Ovgp1-iCreERT2 female mice were given intraperitoneal (IP) injections of TAM (Sigma-

Aldrich, Indianapolis, IN,) to activate Cre in the oviductal (murine Fallopian tube) 

epithelium (hereafter referred to as FTE). TAM was dissolved in corn oil (Sigma Aldrich) 

and injected at 0.1g/kg of body weight twice (day 1 and day 3) when mice were 6–8 weeks 

old. Alternatively, Ovgp1-iCreERT2;Apcfl/fl;Ptenfl/fl mice were injected with 5 × 107 p.f.u. 

of replication-incompetent AdCre into both ovarian bursal cavities for ovarian tumour 

formation as previously described [9].

Histopathology, immunohistochemistry, and immunofluorescence

Mice were grossly inspected for tumour location and extent at necropsy. Ovaries, oviducts, 

uteri, lungs, kidneys, liver, omentum, and mesentery were examined microscopically in each 

case. Tissues were fixed in formalin and paraffin-embedded. Sections were H&E-stained for 

evaluation by light microscopy. Immunohistochemistry (IHC) was performed on formalin-

fixed paraffin-embedded tissue sections using standard methods. Antigen retrieval was 

performed by microwaving the slides in citrate buffer (pH 6.0; Biogenex, San Ramon, CA) 

for 15 minutes. Endogenous peroxidase activity was quenched with 6% hydrogen peroxide 

in methanol. Staining was visualized with 3,3′-diaminobenzidine tetrahydrochloride and 

counterstaining with haematoxylin. Primary antibodies used were rat anti-cytokeratin 8 

(TROMA I, 1:100, Developmental Studies Hybridoma Bank, University of Iowa), mouse 

anti β-catenin (cat# 610154, 1:500, Transduction Laboratories, Lexington, KY), rabbit anti-

PTEN (138G6/cat#9559, 1:400, Cell Signaling Technology, Inc., Danvers, MA), rabbit anti-

PAX8 (cat# 10336-1-AP, 1:500, Proteintech, Chicago, IL), and goat anti-OVGP1 (cat# 

10336-1-AP, 1:500, Santa Cruz Biotechnology, Inc., Santa Cruz, CA ). For 

immunofluorescence (IF) staining, tissues were fixed with 4% paraformaldehyde at room 

temperature and then embedded in paraffin. Deparaffinized sections were permeabilized 

with PBS containing 0.5% Triton X-100 for 10 min, blocked with PBS containing 5% 

normal goat serum for one hour and then incubated with primary rabbit anti-GFP (cat# 

10336-1-AP, 1:500, Cell Signaling) and rabbit anti-tubulin (cat# T6199, 1:1000, Sigma-

Aldrich) antibodies at 4 °C overnight. After washing with PBS, slides were incubated with 

secondary goat anti-rabbit IgG conjugated with FITC 488 (for GFP), and goat anti-rabbit 

IgG conjugated with Alexa 594 Red (for tubulin) for one h at room temperature. Sections 

were mounted with Prolong Gold antifade reagent (Thermo Fisher Scientific, Waltham, 

MA).

Gene expression analyses

Affymetrix Mouse Gene 2.1 ST Plate Arrays were used to profile gene expression in six 

FTE-derived mouse oviductal tumours and five OSE-derived ovarian tumours. Four normal 

whole ovary samples from Ovgp1-iCreERT2;Apcfl/fl;Ptenfl/fl mice that had not been injected 

with either AdCre or TAM were also profiled (each sample representing a pool of two 

normal ovaries per mouse). Total RNA was extracted from manually dissected frozen mouse 
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tumour samples using adjacent H&E-stained sections as dissection guides, in order to ensure 

that each tumour sample contained at least 90% tumour cells and lacked significant necrosis. 

RNA was extracted using Trizol (Invitrogen), and purified using RNeasy columns (Qiagen). 

Quality was checked with an Agilent 2100 Bioanalyzer. Total RNA (250–400 ng) was 

reverse-transcribed, amplified and labelled using Affymetrix PLUS kits. Following 

fragmentation, cDNA was hybridized for 20 h at 48 °C to Mouse Genome 2.1 ST arrays. 

Arrays were scanned using the Affymetrix Gene Atlas system. Transcript abundances were 

estimated using the Robust Multi-Array Average (RMA) algorithm [21] using Bioconductor 

software in the R-statistical programming environment. It reports log2-transformed 

abundances and subsequent analyses used the log-transformed data for 25216 probe-sets 

associated with mouse gene identifiers in the annotation obtained from Bioconductor. 

Principal component analysis was carried out and an ANOVA (Analysis of Variance) model 

was used to identify differentially expressed genes between each pair of groups. Gene 

expression data from 99 human ovarian carcinomas to which the mouse tumor data were 

compared, have been previously described in detail and are available from the NCBI’s Gene 

Expression Omnibus (GEO) using series accession number GSE6008 [9]. Mouse genes were 

mapped to human gene IDs by using 1-to-1 best homologs from build 68 of Homologene, 

yielding a total of 15813 distinct human genes. The mouse gene expression data reported 

here are also available from the GEO (accession number GSE80085).

Results

Cre activation is limited to the oviductal epithelium in TAM-treated Ovgp1-iCreERT2 mice

In order to assess the Ovgp1 promoter’s suitability for directing Cre expression specifically 

in the FTE of adult mice, IHC was first used to assess endogenous OVGP1 protein 

expression in selected normal mouse tissues (Figure 1). Strong OVGP1 expression was 

found in the FTE but OVGP1 expression was absent in the ovary (including the OSE), liver, 

lung, pancreas, spleen, and lymph node. Endometrial glandular epithelium in the portion of 

the uterine horns adjacent to the oviduct and tubules in the kidney occasionally showed focal 

weak OVGP1 staining. To generate mice allowing conditional (ligand-regulated) expression 

of Cre recombinase in the FTE, a BAC containing the mouse Ovgp1 locus was engineered to 

include a cassette encoding Cre fused to a ligand-binding domain sequence of human ESR1 
(oestrogen receptor) and the BGH polyadenylation signal sequence. The cassette was 

inserted at the translation initiation codon in the first exon of Ovgp1. Recombinant BAC 

DNA was microinjected into fertilized embryos by standard pronuclear injection techniques. 

Several transgenic founders were shown to yield viable and fertile male and female 

transgenic offspring. All of the Ovgp1-iCreERT2 mice employed in this study were derived 

from the same founder.

To demonstrate the specificity of Cre recombinase function in the FTE, Ovgp1-iCreERT2 

mice were crossed with RosaLSL-EYFP reporter mice to generate double transgenic Ovgp1-
iCreERT2;RosaLSL-EYFP animals. Double transgenic female mice were injected with TAM 

or vehicle (corn oil) and euthanized one week after the second injection. Major organs were 

collected and examined using a stereo fluorescent microscope. Representative tissues were 

examined by IF microscopy. EYFP expression was detected only in the oviducts of TAM-
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treated Ovgp1-iCreERT2;RosaLSL-EYFP mice (Figure 2A), but not vehicle-treated Ovgp1-
iCreERT2;RosaLSL-EYFP mice (Figure 2B). EYFP fluorescence was similarly absent in the 

oviducts of vehicle or TAM-treated Ovgp1-iCreERT2 transgene-negative mice (not shown). 

To determine which oviductal epithelial cells (secretory vs. ciliated) express EYFP we 

carried out double IF analyses using an anti-GFP antibody and an anti-tubulin antibody, as 

tubulin is expressed by ciliated cells. In TAM-treated Ovgp1-iCreERT2;RosaLSL-EYFP mice, 

EYFP is primarily expressed in oviductal secretory cells and not in ciliated cells (Figure 

2C,D). EYFP expression was not seen in other major organs, including the ovary, uterus, 

liver, lung, pancreas, kidney, spleen, lymph node, and brain (not shown).

Conditional bi-allelic inactivation of Apc and Pten in FTE results in oviductal carcinomas 
that closely resemble human ovarian ECs

We crossed Ovgp1-iCreERT2 mice with Apcfl/fl;Ptenfl/fl mice to generate triple transgenic 

Ovgp1-iCreERT2;Apcfl/fl;Ptenfl/fl animals. Cohorts of 6–8 week old females were treated 

with TAM and euthanized at regular intervals to monitor tumour development and 

progression (Table 1). Early changes (oviductal epithelial hyperplasia and atypia) were 

observed starting ~1 month after TAM injection and primarily affected the infundibular 

(comparable to human fimbriae) and ampullary (mid) portions of the oviducts. By 9–12 

weeks post-TAM, mice developed well-formed oviductal EC-like tumours. The 

endometrium and ovaries showed no detectable alterations at comparable time points. 

Representative photomicrographs of EC arising in the oviducts of TAM-treated mice over 

time are shown in Figure 3A and Supplementary Figure S1. Fifteen mice with oviductal ECs 

were followed for 16–33 weeks post TAM. Tumours involved the ovaries (often extensively) 

in 10 mice, and a subset of these also had metastases to the omentum (n=4) or lungs (n=1). 

Grossly, tumours varied in size from 2 to 6mm in diameter. Microscopically, the tumours 

were well to moderately differentiated adenocarcinomas with overt gland formation, closely 

resembling human ovarian ECs (Figure 3A). Based on the FIGO (International Federation of 

Gynecology and Obstetrics) criteria used for grading human ovarian ECs, eleven of the 

mouse oviductal tumours would be classified as grade 1 (≤5% solid growth) and four as 

grade 2 (5–50% solid growth). None were classified as grade 3 (> 50% solid growth). As 

expected, the oviductal tumours expressed cytokeratin 8 and PAX8, and showed nuclear/

cytoplasmic staining for β-catenin and loss of PTEN expression (Figure 3C). Metastases 

were also CK8 and PAX8 positive, supporting origin from an oviductal primary 

(Supplementary Figure S1).

Conditional bi-allelic inactivation of Apc and Pten in the OSE of genetically comparable 
mice results in poorly differentiated ovarian carcinomas

In order to compare effects of bi-allelic inactivation of Apc and Pten in the FTE vs. OSE, 

AdCre was injected into the ovarian bursae of Ovgp1-iCreERT2;Apcfl/fl;Ptenfl/fl mice from 

the same founder line. This approach allows a direct comparison of tumours arising from 

Müllerian epithelial (FTE) transformation, to those arising from OSE in mice with a nearly 

identical genetic background. AdCre-injected mice uniformly developed tumours by 5 

weeks after AdCre administration, in accordance with our previous data [9,22]. Tumour-

bearing mice rapidly reached humane endpoints for tumour burden and were euthanized no 

later than 14 wk following AdCre injection. The OSE-derived tumours (OSE-ECs) were 
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much larger (10–15mm in diameter at 6–14 wk post AdCre) than the FTE-derived tumours 

(FTE-ECs) (2–6mm in diameter at 10–33 wk post TAM). Microscopically, the OSE-ECs 

were very poorly differentiated (all grade 3 based on FIGO criteria), with sparse glandular 

elements admixed with prominent spindle cell areas (Figure 3A). Compared to the FTE-

ECs, the OSE-ECs showed much less CK8 expression and did not express PAX8 (Figure 

3C). Like the oviductal tumours, the ovarian tumours expressed nuclear and cytoplasmic β-

catenin and lacked PTEN expression. Importantly, the difference in overall survival of 

AdCre-injected (n=12) versus TAM-treated mice (n=13) was quite striking (61 d vs 193 d 

median survival, respectively, P=1E-7) (Figure 3B). Overall survival of the AdCre injected 

mice was even shorter than we previously reported [9,23], perhaps because we performed 

bilateral bursal injections of AdCre in the current study, in contrast to our prior work in 

which only unilateral bursal injection was performed.

Global gene expression in mouse oviductal ECs more closely resembles human ovarian 
carcinomas than mouse ovarian ECs

We profiled gene expression in six FTE-ECs, five OSE-ECs and four normal ovary (NO) 

mouse samples using Affymetrix Mouse ST 2.1 Arrays. This array approach was selected so 

we could more easily compare gene expression in the mouse tumours to human tumour data 

collected previously with a comparable platform. The normal ovary samples for these 

experiments simply serve as a common reference point for comparing gene expression in 

tumours from mouse and human, respectively, as comparable hybridization of mouse and 

human cRNAs to probe sets representing homologous genes in the mouse and human cannot 

be assumed. Principal component analysis showed that the mouse oviductal and ovarian 

tumours were about as dissimilar to each other as when oviductal or ovarian tumours were 

compared to normal controls (Supplementary Figure S2). An ANOVA model was used to 

identify differentially expressed genes between pairs of groups. About 3 000 probe-sets (of 

25 216) gave p<0.001 and fold-changes greater than 2 for pairwise comparisons of any two 

groups, with false discovery rates of less than 0.5% (see Supplementary Table S1 and details 

provided in our GEO submission). A heat map showing the top 80 differentially expressed 

genes between the oviductal and ovarian Apc-/Pten- mouse tumours is provided in 

Supplementary Figure S3. Although the oviductal and ovarian tumours were based on the 

same genetic defects (bi-allelic Apc and Pten inactivation), tumours arising from the two 

sites differed in the expression of many putative Wnt signalling-regulated target genes 

(Supplementary Table S2) as well as for expression of genes in other pathways.

To determine whether the oviductal or ovarian mouse tumours more closely resemble human 

ovarian carcinomas, we correlated the individual tumour versus average normal differences 

with similar tumour versus normal differences in our previous human array data from 4 

normal ovaries and 99 ovarian carcinomas (37 endometrioid, 41 serous, 13 mucinous and 8 

clear cell), using 10 727 genes reported to be 1-to-1 best homologs by NCBI’s Homologene. 

For each gene we selected the probe-set that gave the smallest p-value for overall F-test 

comparing groups within each species (3 groups for mouse, 5 for human). We initially 

believed correlating T-statistics might be better than merely correlating the distances (in log 

space) since this performs well as an enrichment testing technique [24]; however, we 

obtained nearly identical results, and report on the simpler distances. We fit the model 
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Rijkm= Uik +Aij +Bkm +Eijkm where Rijkm is the correlation of the j-th mouse from the i-

th mouse group with the m-th human from the k-th human group. The Uik are the averages 

for the i-th mouse group and the k-th human group, which can be compared using F-tests 

coming from the model. Aij and Bkm are terms for each mouse and human - a highly 

idiosyncratic human tumour is likely to give lower correlations for every mouse tumour, and 

vice versa. Figure 4A demonstrates the expected variation between individual human and 

mouse tumours, and importantly, shows that mouse oviductal tumours were more correlated 

as a group to every class of human ovarian carcinomas than mouse ovarian tumours 

(p<10−60). Only 2 of the 99 human tumours were more correlated to mouse OSE-ECs than 

to mouse FTE-ECs (Figure 4B). Correlations using all genes are modest, since expression of 

most genes are unaltered between normal and tumour tissues and/or between tumour groups. 

For our human OE samples we had previous mutation and IHC expression data for 

CTNNB1/β-catenin (Figure 4A) [9]. A comparison of 14 OEs with mutant CTNNB1 and/or 

nuclear expression of β-catenin to 23 OEs with wild-type CTNNB1 showed significantly 

higher correlations in the CTNNB1 mutant group (means 0.240 and 0.212, P = 0.004). 

Mouse oviductal tumours were more correlated to human endometrioid carcinomas and 

mucinous carcinomas than to clear cell and serous carcinomas on average (p <3×10−7 in 

each possible pairwise comparison). Average correlations between mouse and human 

tumours are shown in Supplementary Table S3, with differences between FTE-ECs versus 

OSE-ECs to each group of human tumours being highly significant. In short, mouse tumours 

derived from FTE transformation have gene expression profiles much more closely related 

to human ovarian carcinomas (especially endometrioid carcinomas with CTNNB1 
mutations) than to mouse tumours that arise from transformed OSE.

Discussion

Potential non-ovarian origins of ovarian carcinomas have been the focus of much discussion 

and debate, and several reviews have emphasized the need for better model systems with 

which to gain mechanistic insights into the genetic, biologic, and physiologic factors that 

contribute to ovarian tumour development and progression [25–27]. Many GEMMs of 

ovarian cancer have been reported, most based on transformation of the OSE [see [28] for 

recent review]. Indeed, nearly all of the Type I ovarian carcinoma GEMMs reported to date, 

including prior work from our group, employ either the Amhr2 promoter or injection of 

AdCre into the ovarian bursa to drive Cre-mediated recombination in the OSE [7–9,23,29–

33]. Interestingly, van der Horst and colleagues recently employed the Pgr (progesterone 

receptor) promoter to drive Cre-mediated inactivation of Apc in Müllerian epithelium, 

including the endometrium and oviduct. These mice develop endometrial hyperplasia and 

oviductal intraepithelial lesions and carcinomas as well as ovarian ECs proposed to arise 

from ovarian inclusion cysts and glands [34]. Though we are fully aware that the majority of 

human “ovarian” ECs are not thought to arise from the Fallopian tube, neither do they likely 

arise from the OSE. The studies described herein support the notion that cell of origin has 

profound effects on the phenotype of tumours induced by the same genetic defects. 

Moreover, transformation of Müllerian epithelium such as the FTE, leads to tumours that 

more closely resemble human ovarian carcinomas than do comparable tumours arising in the 

murine OSE.
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Particular gene defects or combinations of defects may have cell-of-origin and tissue-

specific effects on cell phenotypes, perhaps providing key insights into the origin of different 

histological subtypes of ovarian carcinomas. For instance, conditional inactivation of Brca1 
and Trp53 in the murine OSE often leads to the development of leiomyosarcomas [35,36], 

which is not detected following induction of the same genetic alterations in the mouse FTE 

[37]. More recently, studies employing syngeneic murine oviductal and OSE allografts have 

also shown that the same genetic alterations in different cell types can give rise to different 

cancer histotypes [38]. Here we present data showing distinctive effects of Apc and Pten loss 

in the FTE compared to OSE in vivo. Specifically, ovarian bursal injection of AdCre in 

Ovgp1-iCreERT2;Apcfl/fl;Ptenfl/fl mice results in rapid OSE transformation and the 

development of poorly-differentiated carcinomas. In contrast, when Apc and Pten loss is 

induced in the FTE, well-differentiated tumours develop over months rather than weeks. 

Mouse oviductal tumours were more correlated than mouse ovarian tumours to every class 

of human ovarian carcinomas, with highest correlation to human endometrioid and 

mucinous carcinomas. While the similarity to human endometrioid carcinomas (particularly 

those with CTNNB1 mutations) was expected, the similarity to human mucinous carcinomas 

was unanticipated and remains incompletely understood. However, both are considered Type 

I tumours and human endometrioid carcinomas have a known propensity to display foci of 

mucinous differentiation, a feature that was also observed in some of the mouse oviductal, 

but not ovarian tumours.

Tissue-specific effects of Apc and Pten loss are highlighted by some striking differences in 

expression of Wnt signalling pathway targets in the oviductal versus ovarian Apc-/Pten- 
tumours. For example, Mmp7 and Sox9 are much more highly overexpressed in the 

oviductal tumours than the ovarian tumours while the converse is true for Ccnd1, Fgf20, and 

Klf5. Lgr5, a putative marker of stem/progenitor cells in ovary and tubal epithelia [39,40], is 

upregulated only in the oviductal tumours. Interestingly, Ctnnb1 is up-regulated in tumours 

from both sites, supporting our prior work providing evidence for a feed-forward role for β-

catenin in canonical Wnt signalling [41].

Ovgp1 encodes a protein that is secreted by non-ciliated cells in mammalian FTE [42]. 

OVGP1 appears to play a role in optimizing the microenvironment for oocyte maturation 

and transport, fertilization, and early embryonic development [43]. Although maximum 

production of OVGP1 has been shown to be dependent on plasma oestrogen level in cows, 

baboon, sheep, pigs and humans, this does not appear to be the case in rabbits or hamsters 

[44]. We did not need to pre-treat our Ovgp1-iCreERT2 mice with oestradiol prior to treating 

them with TAM in order to strongly activate Cre in the oviductal epithelium. In 2002, 

Miyoshi et al described the development of high-grade serous carcinoma-like tumours 

arising in transgenic mice expressing SV40 Large T-Ag under control of a 2.2kb fragment of 

the murine Ovgp1 promoter [45]. Lesions arising in these mice were more recently 

described in detail [46]. In addition to oviductal tumours and presumptive metastases to the 

ovaries, epithelial and mesenchymal malignant lesions also developed in the uteri of older 

mice. Importantly, we did not observe endometrial carcinoma or uterine sarcoma in any of 

our Ovgp1-iCreERT2;Apcfl/fl;Ptenfl/fl mice monitored for up to 33 wk post-TAM treatment. 

Thus, our Ovgp1-iCreERT2 mice provide an excellent system with which to test effects of 

various genetic alterations specifically in the FTE.
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Our findings provide compelling evidence that depending on the specific tissues targeted for 

transformation, the same combination of genetic alterations leads to very different tumour 

phenotypes. Comparable studies testing other combinations of gene mutations common in 

EC, as well as effects of gene combinations characteristic of HGSC are in progress and will 

help establish whether models based on transformation of Müllerian (e.g., oviductal) 

epithelium will prove more suitable than those derived from OSE for studying ovarian 

cancer biology and for translational applications.
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Figure 1. OVGP1 is highly expressed in oviductal epithelium but not in other tissues in the mouse
Representative sections of the adult mouse organs shown were stained using standard 

immunohistochemical methods and an anti-OVGP1 antibody. Red arrow highlights the 

absence of OVGP1 expression in the ovarian surface epithelium. Scale bars represent 100 

μm.
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Figure 2. Characterization of Ovgp1-iCreERT2 mice
Oviductal expression of EYFP is induced by TAM (A) but not by vehicle (B) treatment in 

double transgenic Ovgp1-iCreERT2;RosaLSL-EYFP mice. Mouse oviducts are indicated by 

white arrows, ovaries by white arrow heads and uterine horns by white stars. The green 

oviduct is seen in the TAM-treated, but not vehicle-treated mouse (yellow flecks on the 

ovaries represent autofluorescence). Representative low magnification (C) and high 

magnification (D) photomicrographs of double immunofluorescent staining showing YFP 

(green) and tubulin (red) expression in the oviductal epithelium of TAM-treated Ovgp1-
iCreERT2;RosaLSL-EYFP mice. EYFP is primarily expressed in non-ciliated secretory cells 

(representative cell indicated by white arrow) and not in the ciliated cells (representative cell 

indicated by white arrowhead).
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Figure 3. Comparison of OSE- and FTE-derived endometrioid carcinomas in Ovgp1-
iCreERT2;Apcfl/fl;Ptenfl/fl mice
(A) Upper panels show OSE-derived tumours and lower panels show FTE-derived tumors at 

6 weeks and 10 weeks after tumour induction with AdCre or TAM respectively. Areas 

within the ellipses in lower panels indicate oviductal region with EC development. The 

histological features of a representative human ovarian EC is shown for comparison with the 

mouse tumors. (B) Kaplan-Meier survival curves of tumour-bearing Ovgp1-
iCreERT2;Apcfl/fl;Ptenfl/fl mice following injection of AdCre (n=12) versus TAM (n=13). 

(C) Immunohistochemical analysis of CK8, β-catenin, PAX8 and PTEN in the OSE- and 

FTE-derived ECs, as indicated. Boxed areas are shown at higher magnification. Scale bars 

represent 100 μm, unless otherwise indicated.
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Figure 4. Correlations of mouse FTE-ECs and OSE-ECs to each of 99 human ovarian 
carcinomas
(A) Heat map showing correlations of individual mouse to human tumours. Each human 

tumour is annotated as clear cell (OC), endometrioid (OE), mucinous (OM), or serous (OS) 

carcinoma. Human OEs have been sorted based on the presence (yellow) or absence (blue) 

of CTNNB1 mutation and/or nuclear accumulation of β-catenin as indicated. (B) Average 

correlation of each human tumour to FTE- and OSE-derived mouse tumours.
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