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Abstract

Cyclooxygenase (COX) (PTGS) is the rate-limiting enzyme in the biosynthesis of prostaglandins. Two COX
isoforms have been identified, COX-1 and COX-2, which show distinct cell-specific expression and regulation.
Ovarian cancer is the most lethal gynecological malignancy and the disease is poorly understood due to the
lack of suitable animal models. The laying hen spontaneously develops epithelial ovarian cancer with few or
no symptoms until the cancer has progresses to a late stage, similar to the human disease. The purpose of
this study was to examine the relative expression and distribution of COX-1 and COX-2 in the ovaries of
normal hens and in hens with ovarian cancer. The results demonstrate that COX-1 was localized to the
granulosa cell layer and cortical interstitium, ovarian surface epithelium (OSE) and post-ovulatory follicle (POF)
of the normal ovary. In ovarian cancer, COX-1 mRNA was significantly increased and COX-1 protein was
broadly distributed throughout the tumor stroma. COX-2 protein was localized to the granulosa cell layer in the
follicle and the ovarian stroma. COX-2 mRNA expression did not change as a function of age or in ovarian
cancer. There was a significantly higher expression of COX-1 mRNA in the first post-ovulatory follicle (POF-1)
compared to POF-2 and POF-3. COX-2 mRNA expression was not significantly different among POFs. There
was no difference in COX-1 or COX-2 mRNA in the OSE isolated from individual follicles in the follicular
hierarchy. The results confirm previous findings of the high expression of COX-1 in ovarian tumors further
supporting the laying hen as a model for ovarian cancer, and demonstrate for the first time the high expression

of COX-1 in POF-1 which is the source of prostaglandins needed for oviposition.



10

15

20

25

30

Introduction

Ovarian cancer is the most lethal gynecological malignancy and the fifth leading cause of cancer death among
women [1]. Ovarian cancer is usually detected only at a late stage with poor prognosis when significant
peritoneal metastases and accompanying ascites have already developed. Research into ovarian cancer has
been hampered by the lack of a suitable animal model for spontaneous ovarian cancer. In vivo animal models
of ovarian cancer provide the opportunity to study each step of carcinogenesis from initiation through
progression to late-stage metastatic disease. With the exception of the laying hen, no other accessible animal
model spontaneously develops epithelial ovarian cancer similar in presentation and progression to the human
disease [2-4].

The ovarian surface epithelium (OSE), a single layer of flat to cuboidal columnar epithelium consists of
specialized mesothelial (celomic) cells that covers the entire ovarian surface [5]. The OSE is a unique
epithelium that participates actively in the ovulatory process. Ninety percent of human ovarian carcinomas
arise from the OSE [5]. The aging hen also develops OSE cancer spontaneously. The disease in hens
appears to closely resemble the human disease, which in humans is correlated with ovulation frequency [6].
Whereas there are important rodent models for epithelial ovarian cancer, none of these ovarian carcinomas
are linked to ovulation [7-13]. One of the most prevalent theories about the etiology of ovarian cancer is the
“incessant ovulation hypothesis” first proposed by Fathalla in 1971 [14]. He hypothesized that continuous
ovulation, with successive rounds of surface rupture and OSE cell mitosis to repair the wound, renders the
cells susceptible to malignant transformation. The observation that intensive egg-laying domestic hens
frequently develop ovarian peritoneal carcinoma supports this hypothesis. Hens spontaneously develop
significant numbers of ovarian adenocarcinomas similar in histological appearance and behavior to the

common human ovarian epithelial carcinomas. [6].

Cyclooxygenase (COX) (PTGS) is the rate-limiting enzyme in the biosynthesis of prostaglandins. COX
catalyzes the conversion of arachidonic acid into prostaglandin H2, the precursor for all prostaglandins,
prostacyclins and thromboxanes. Two COX isoforms have been identified, COX-1 and COX-2, which are
encoded by different genes, PTGS1 and PTGS2 [15]. COX-1 and COX-2 have similar structural and kinetic
properties but show distinct cell-specific expression and regulation. COX-1 is expressed constitutively in most
cells, whereas the inducible COX-2 form is usually only expressed in response to various inflammatory stimuli
[16]. COX-2 overexpression is observed in neurodegenerative diseases, acute and chronic inflammation, and a
wide variety of epithelial cancers [17]. COX-2 expression contributes to tumor cell proliferation and survival in

the majority of carcinomas [18; 19]. In contrast to most malignancies, however, COX-2 expression is down-
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regulated in ovarian cancer [20]. Instead, COX-1 expression has been shown to be elevated in ovarian cancer
[8; 21-26]. Whereas considerable research has focused on the role of COX-2 in ovulation and normal ovarian
function, much less is known about COX-1. The objective of this paper is to examine the distribution and
relative expression of COX-1 and COX-2 in the ovary of normal hens and in hens with ovarian cancer, to gain
insight into the origins and causes of ovarian cancer. The results of this study confirm and extend the prior
observation that COX-1 expression is elevated in ovarian tumors of the hen [23] and further support the use of

the hen model for ovarian cancer

Results

Anatomy and pathology of the hen’s ovary.

A normal hen ovary consists of a hierarchy of 4-5 preovulatory follicles with F1 being the most mature and the
next to ovulate. The most recent postovulatory follicle (POF-1) is shown immediately below F2 and consists of
granulosa cells, a theca cell layer, and OSE (Fig. 1A). An ovarian carcinoma from a tumor confined exclusively
to the ovary with no metastases or significant abdominal ascites fluid present on necropsy is shown in Fig. 1B.
H&E staining of a normal, healthy ovary shows a cortical follicle containing an oocyte surrounded by prominent
granulosa and interstitial cell layers (Fig. 1C). H&E staining of a poorly differentiated ovarian tumor shows
endometrioid-like glands (Fig. 1D). Gomori trichrome, which stains collagen green, connective
tissue/cytoplasm red, and nuclei dark red, staining of normal ovary (Fig. 1E) and ovarian carcinoma (Fig. 1F)
reveals how disorganized and poorly differentiated the carcinoma is compared to the normal ovary. All

sections shown in Figure 1 are from age matched old (165 weeks) hens.

COX-1 is uprequlated in ovarian cancer and the post-ovulatory follicle.

In the hen ovary (Fig. 2A), COX-1 is localized to the granulosa cells surrounding the oocyte. In the normal
ovary, COX-1 is also present in the OSE and cortical stroma adjacent to the follicle (Fig 2A). In ovarian tumors
from the hen (Fig. 2B) there is extensive COX-1 staining throughout the ovarian tumor. There is substantial

COX-1 staining in POF-1 (Fig. 2C). COX-1 appears to be localized to the nuclei and peri-nuclear envelope.

COX-2 is widely distributed in the hen ovary and post-ovulatory follicle but not increased in ovarian cancer.

In the normal hen ovary, COX-2 is expressed in the granulosa cells of the follicle; it is also highly expressed in
the interstitial tissue of the normal ovary (Fig. 3A). In ovarian tumors from the hen, (Fig. 3B), COX-2 expression
is no longer associated with follicular structures, but distributed into discrete foci in the stroma of the ovarian
tumor. COX-2 is widely distributed throughout POF-1 (Fig. 3C).
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Quantification of COX-1 and COX-2 mRNA in normal ovaries from young and old chickens, compared to
ovarian cancer.

There was a significant (p<0.05) increase in COX-1 mRNA levels in ovarian cancer compared to normal
ovarian tissue from young and age-matched old hens (Fig. 4A). In contrast, there was no significant change in
COX-2 mRNA in normal ovarian tissue from old-normal hens, compared to young hens or in ovarian cancer

compared to age-matched normal hens (Fig. 4B).

Quantification of COX-1 and COX-2 mRNA in post-ovulatory follicles from normal ovaries.

COX-1 mRNA levels were significantly higher (p<0.01) in POF-1 compared to POF-2 and POF-3 from young
hens (Fig. 5A). There was no difference in COX-1 expression in POF-1 top vs. POF-1 bottom (Fig. 5A).

COX-2 mRNA was quantified in POFs from normal ovarian tissue as described for COX-1 above (Fig. 5B).
There was no significant change for COX-2 mRNA expression across the POFs. Also similar to COX-1, there
was no difference in COX-2 mRNA levels in POF-1 top and bottom (Fig 5B).

Quantification of COX-1 and COX-2 mRNA in OSE isolated from individual follicles and POFs from normal
ovaries immediately after oviposition.

COX-1 mRNA isolated from normal ovarian OSE from individual follicles (F3, F2, F1) and from individual POFs
(POF-1, POF-2, POF-3), was quantified (Fig. 6A&B). There was no difference in COX-1 mRNA expression in
OSE isolated from the three most mature pre-ovulatory follicles (F1, F2 and F3, Fig. 6A). Strikingly, COX-1
MRNA expression was significantly higher (p<0.01) in POF-1 compared to POF-2 and POF-3 (Fig. 6B). COX-1
MRNA levels in POF-2 and POF-3 were comparable to the level observed in the OSE of the pre-ovulatory
follicles (Fig 6A).

COX-2 mRNA was quantified as described for COX-1. There was no significant difference in COX-2 mRNA
levels in F1 OSE compared to F2 OSE or F3 OSE (Fig. 6C); however COX-2 mRNA levels were significantly
higher (p<0.01) in POF-2, than in POF-1 or in POF-3 (Fig. 6D).

Discussion

Cyclooxygenase enzymes (PTGS 1 and 2) are essential for normal physiological processes yet their aberrant

expression is a critical factor in a host of pathologies. COX enzymes are required for ovarian function and

many female reproductive processes but overexpression of COX is associated with significant pathology.

Increased expression of COX-2 is associated with many epithelial carcinomas; however, COX-1 but not COX-2

overexpression has been shown to be associated with ovarian cancer [8; 21-26]. The laying hen provides an

excellent model for studying normal ovarian functions, in particular ovulation [27; 28]. The hen also provides
5
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an important model for studying ovarian epithelial carcinoma [2; 3; 23; 29-32]. In the study reported here, the
data demonstrate the relative expression and distribution of COX-1 and COX-2 in the normal ovary compared
to alterations in expression observed in ovarian cancer. The data show for the first time that COX-1 expression
is markedly increased in the post-ovulatory follicle of the normal ovary confirm the previous finding that COX-1

is elevated in ovarian carcinoma [23].

Histology of the normal hen’s ovary compared to ovarian cancer.

The normal anatomy of the hen’s ovary (Fig. 1) features the follicular hierarchy, and the post-ovulatory follicular
hierarchy. After the most mature follicle is ovulated and the OSE ruptures, POF-1 is formed. POFs consist of
granulosa cells, interstitial theca cells and OSE cells. The POF has been shown to be a site of oxidative DNA
damage [33-35]. Common epithelial ovarian cancer is related to the successive rounds of ovulation and
subsequent wound healing process characterized by OSE mitosis. The integrity of the DNA of these surface
cells surrounding the ovarian rupture site is compromised during ovulation, and rapid growth of cells with
mutated DNA may result in the initiation of carcinogenesis [36]. The role of inflammation and oxidative
damage to the pathogenesis of cancer has gained much attention [37; 38]. Our results which demonstrate the
high expression of COX-1 in the first post-ovulatory follicle may contribute to the procarcinogenic
microenvironment where the malignant transformation of the ovarian surface epithelium originates. In the
mammalian ovary the remnant of the ruptured follicle forms the corpus luteum whose endocrine functions are
important for preparation of the endometrium, implantation if fertilization takes place, and maintenance of the
early embryo. In the hen, the POF persists for 2 or 3 days until it degenerates and becomes assimilated into
the ovarian stroma, possibly forming clefts and inclusion cysts. Similar to its mammalian counterpart, the POF
is an important endocrine tissue in the hen ovary. The POF produces prostaglandins for shell egg formation
and oviposition. The original observation by Rothchild and Fraps in 1944, that removal of the POF resulted in a
delay of oviposition indicated that the POF may play an important endocrine role in oviposition [39].
Subsequently it was shown that prostaglandins peak at about the time of oviposition, and that inhibition of
prostaglandin production with indomethacin perturbs egg laying, demonstrating the role that prostaglandins
play in oviposition {for review, see [40]}. Our data show, for the first time, that COX-1 as well as COX-2 mRNA

and protein are expressed in the POF, and are the likely source of prostaglandins that control oviposition.

In contrast to the normal ovary shown in Figure 1A, an ovarian tumor is shown in Figure 1B. The tumor was
confined to the ovary with no metastases or significant abdominal ascites fluid present on necropsy. Though
the carcinoma had enveloped the entire ovary, it represents an early stage cancer as it had not progressed,

and spread beyond the ovary.
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Localization and quantification of COX-1 and COX-2 in the hen ovary.

COX-1 is constitutively expressed in the mammalian ovary and confined to interstitial thecal cells and the
corpus luteum [41]. In the hen ovary, as shown in Figure 2A, COX-1 is localized to the granulosa cell layers,
and confined to the OSE and cortical stroma adjacent to the follicle. In contrast to other cancers in which
COX-2 is highly expressed, in ovarian cancer, COX-1 expression is markedly increased (Fig 2B), as has been
shown previously in the hen, human and in rodent models of ovarian cancer [8; 23; 24]. COX-1 has also been
shown to be increased in feline oral squamous cell carcinomas, the only non-gynecological carcinoma reported
to have increased COX-1 instead of COX-2 [42]. In the mammalian ovary, the ruptured follicle differentiates
into the corpus luteum. There are no corpora lutea in the chicken ovary, but the post-ovulatory follicle is an
important endocrine tissue, the site of prostaglandin production. As shown in Figure 2C, POF-1 displays
strong COX-1 staining, suggesting that COX-1 is important for the production of prostaglandins in POF-1, long

known to be essential for oviposition [39].

In the mammalian ovary, COX-2 is localized to the granulosa cells and induced by LH at the time of the pre-
ovulatory gonadotropin surge [43]. In the hen ovary, COX-2 is also expressed in the granulosa cells, as shown
in Figure 3A, but distinct from the reported distribution in the mammalian ovary, COX-2 is also highly
expressed in the interstitial tissue of the ovary. Urick and Johnson have also reported that COX-2 is widely
distributed in the hen ovary [23]. As shown in Figure 3B, COX-2 expression in carcinoma becomes more

localized to discrete foci, trapped within the glandular like structures of the ovarian tumor.

Quantification of COX-1 and COX-2 mRNA levels in OSE and POF from normal ovaries.

COX-1 and COX-2 mRNA expression in the OSE and POF was quantified by real-time PCR. It is important to
note that OSE and POFs can only be collected from normal, non-cancerous ovaries due to the highly
convoluted surface and afollicular presentation of ovarian cancer. POF-1 was dissected into “top” and “bottom”
pieces. The POF was divided for COX analysis because it is likely that the outermost region of the POF was
subjected to more oxidative damage, as has been reported by Murdoch and coworkers [33; 34], which
presumably may influence COX expression. However, there was no difference in COX-1 or COX-2 mRNA
expression observed between the top and bottom portions of POF-1. There was a significantly higher
expression of COX-1 mRNA in POF-1, but this increase in expression was transient in the normal ovary
because in both POF-2 and POF-3, COX-1 mRNA expression was much lower (Fig. 5A).

The immunohistochemical staining suggests that COX-1 and COX-2 protein levels are comparable; however,
COX-2 has ~20-30 times higher expression in terms of copy number of mMRNA transcripts when normalized to
GAPDH. It has been reported that COX-2 protein t, is approximately 20 to 50 times shorter than that of COX-
1 protein t, in vitro [44]. This finding would indicate that even though COX-2 mRNA may be expressed at a

7
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higher level, the significant difference in protein stability would result in the protein levels of COX-1 and COX-2
in situ being comparable. Assessment of relative amounts of each protein by immunohistochemistry suggests
their levels are comparable, thus COX-1 is likely to make a significant contribution to prostaglandin synthesis.
The relative catalytic activities of COX-1 and COX-2 have been measured in vitro, and found to be very similar
for conversion of arachidonic acid to PGH2. Thus it is likely that the contribution of each enzyme to

prostaglandin production in the hen ovary is comparable [45].

The results of this study have demonstrated that ovarian cancer in the hen shares many key features with
human ovarian carcinoma, including elevated COX-1 expression thus further supporting the laying hen as an
important model for the human disease. Our results show, for the first time that COX-1 mRNA is highly
expressed in the post-ovulatory follicle of day one, indicating that COX-1 expression is important for the normal
physiological functions of the ovary. These findings may provide the basis for clinical trials utilizing COX-1
specific inhibitors or dietary interventions targeting prostaglandin biosynthesis for the treatment and prevention

of ovarian cancer.

Materials and Methods

Materials

Bouin’s fixative and neutral buffered formalin (NBF) were obtained from Sigma-Aldrich (St Louis, MO);
oligonucleotide primers were obtained from Sigma-Genosys, Sigma-Aldrich (St. Louis, MO.); Antigen
Unmasking Solution, Avidin/Biotin Blocking kit, Vectastain Elite Rabbit IgG kit, were obtained from Vector
Laboratories (Burlingame, CA); anti-human COX-1, and anti-human COX-2 antibodies were obtained from
Cayman Chemical (Ann Arbor, MI); High Capacity cDNA Archive Kit, RNAlater and SYBR® Green were
obtained from Applied Biosystems (Foster City, CA). Reverse Transcription System, Wizard Plus Miniprep
DNA purification system and RQ1 RNase-free DNase were obtained from Promega Corporation (Madison,
WI); TOPO TA Cloning kit, Trizol and Quant-iT kit were obtained from Invitrogen (Carlsbad, CA). Tagq DNA
Polymerase was obtained from Qiagen (Valencia, CA). SuperFrost Plus microscope slides, Gil's hematoxylin,
Histomount, diaminobenzadine (DAB) and all other reagents were from the Fisher Scientific (Itasca, IL), or

were the highest grade commercially available.

Animals and tissue collection

Single-comb White Leghorn hens, 40-50 weeks, n = 20 (young) and 165 weeks, n = 65 (old), were used for the

study. Hens were maintained three per cage, provided with feed and water ad libitum and exposed to a

photoperiod of 17 h light: 7 h dark, with lights on at 05:00 h and lights off at 22:00 h. For hens in which tissue

was collected relative to the time of ovulation, oviposition was monitored at 1 h intervals between 08:00 and

12:00 h, otherwise, oviposition was monitored daily. Animal management and procedures were reviewed and

approved by the Division of Animal Research of the University of lllinois at Urbana-Champaign and the Animal
8
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Care Committee, University of lllinois at Chicago. Hens were sacrificed by CO, asphyxiation followed by

cervical dislocation.

Normal and cancerous ovaries were removed from hens immediately after sacrifice and dissected. Large and
small yellow follicles were removed prior to dissection. In normal ovaries, the three largest preovulatory follicles
(F1, F2 and F3) and the three postovulatory follicles (POF-1, POF-2 and POF-3) were removed and the
superficial epithelium (OSE) was collected from F1-F3. OSE was collected from the largest pre-ovulatory
follicles after they were removed from the ovary by scraping with a cell scraper (Biologix Research Corp,
Lenexa, KS). Where indicated in the results, the POF-1 was dissected into “top” and “bottom” pieces. The top
piece is the outermost region of the ruptured follicle, and the bottom piece is adjacent to, and the site of
attachment to the ovarian cortex. The cancerous ovary lacks discernable or separable preovulatory and
postovulatory follicles. Each normal or cancerous ovarian specimen was divided into four portions. The first
portion was frozen in liquid nitrogen and later stored at -80°C; the second portion, together with POF-1-3 and
superficial epithelium from F1-F3 were put into RNAlater solution and stored at 4°C before processing; the third
and fourth portions were used for histological and immunohistochemical analysis and fixed in NBF and Bouin's

fixative solution.

Histology and immunohistochemistry

Ovary tissues fixed in NBF or Bouin’s fixative were processed and paraffin embedded. Tissues fixed in Bouin’s
were used for basic histology. Tissues fixed in NBF were used for immunohistochemistry. Five um sections
were cut and mounted on SuperFrost Plus microscope slides. Slides were deparaffinized and rehydrated
through xylene and graded ethanol solutions. Hematoxylin and Eosin (H & E) and Gomori Trichrome staining

were performed as described [46; 47].

Immunohistochemistry was performed by using the Vectastain Elite ABC kit. Antigen retrieval was done using
Antigen Unmasking Solution and pressure cooked at 20 psi for 5 min in a Decloaking Chamber electric
pressure cooker (Biocare Medical, Walnut Creek, CA). Slides were cooled and quenched in 0.3% H,0; in
methanol for 15 min. Slides were blocked with normal serum and incubated with primary antibody overnight at
4°C. Anti-human COX-1 (1:1000), and anti-human COX-2 (1:50) antibodies have previously been shown to be
specific for the chicken by Urick and Johnson [23]. Non-immune IgG was used for negative control. After
rinsing in Tris-buffered saline (TBS), sections were incubated with biotinylated secondary antibody and avidin-
biotin complex. Specific binding was visualized using DAB in the presence of H,O, and sections were
counterstained with Gils hematoxylin, mounted with Histomount, examined on a Nikon ECLIPSE E400
microscope and were documented using SPOT Advanced version 4.0.1 software (Diagnostic Instruments, Inc.,
Sterling Heights, MI).
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RNA extraction and analysis

Pre-ovulatory and small yellow follicles and post-ovulatory follicles were removed from ovaries of normal hens
prior to homogenization and RNA extraction. Total RNA was extracted from ovary, OSE, POF, and ovarian
tumors using Trizol and was quantified by determination of absorbance at Ayg. All RNA samples used in this
study had a 260:280 ratio between 1.9-2.05. RNA samples were then treated with RQ1 RNase-free DNase
prior to reverse transcription reaction. Synthesis of cDNA was performed using the high capacity cDNA Archive
Kit and cDNA was quantified by Quant-iT fluorescent reagent. Equal amounts from all samples were subjected

to real-time PCR.

Quantitative Real-Time PCR (qRT-PCR)

Chicken specific primers were designed to recognize target genes using Primer Express (ABI). The primer
pairs were designed so that at least one spanned an intron. Primer sequences for COX-1 (Prostaglandin G/H
synthase 1, PTGS1, XM_425326): forward: 5 TCAGGTGGTTCTGGGACATCA 3’; reverse: 5
TGTAGCCGTACTGGGAGTTGAA 3'; for COX-2 (Prostaglandin G/H synthase 2, PTGS2, XM_422297):
forward: 5° CTGCTCCCTCCCATGTCAGA 3’; reverse: 5° CACGTGAAGAATTCCGGTGTT 3;’ for internal
control gene GAPDH (glyceraldehyde -3- phosphate dehydrogenase, GAPDH, NM_204305): forward: 5’
GATGGGTGTCAACCATGAGAAA 3’; reverse: 5 CAATGCCAAAGTTGTCATGGA 3. Plasmid standards for
each target of interest and internal control GAPDH were used for quantification. To clone plasmid standards,
total RNA was extracted from chicken ovarian tissue, pooled, and reversed transcribed into cDNA with the
Reverse Transcription System kit. Target gene fragments were amplified by Taq DNA Polymerase and cloned
using TOPO TA Cloning Kit. Plasmid DNA was prepared with the Wizard Plus Miniprep DNA purification
system. The identity of purified cDNA was verified by DNA sequencing. cDNA plasmid concentrations were
measured by spectrophotometer and the corresponding copy numbers were calculated based on the formula
that 1ug of 1000bp of DNA=9.1X10" molecules. gqRT-PCR was conducted by amplifying cDNA with SYBR®
Green (Applied Biosystems) on ABI 7900HT using a 384 well plate format and analyzed with AB1 Prism
software. Control reactions lacking template were run for each gene. Reactions were 10ul in total volume and
200nM of each primer. The plasmid standards and cDNA were simultaneously assayed in duplicate reactions.

The amplification conditions were as follows: 50°C 2 min, 95°C 10 min, 40 cycles for 95°C 15S, 60° C 1 min.

Statistical analysis

Statistical analysis was performed with GraphPad InStat by using One-way ANOVA and Student's Newman

Keuls post-hoc comparison.

10
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Figure

Figure Legends:

1) Anatomy and pathology of the hen ovary: A) Gross anatomy of normal ovary showing follicular
hierarchy (F1-F5); arrows point to post-ovulatory follicles (POF-1-3). B) Ovarian tumor from hen with
cancer confined to the ovary; C) H&E stain of normal ovary, showing small developing follicle, (arrow
points to OSE, *arrow points to granulosa cell layer). D) H&E stain of ovary with cancer (arrows points
to endometrioid-like gland), E) Gomori trichrome stain of normal ovary; F) Gomori trichrome stain of

ovarian tumor. Calibration bar, 100 pum

Figure 2) COX-1 immunohistochemistry: A) Normal ovary (arrows point to COX-1 positive nuclei); B) Ovarian

Figure

Figure

tumor (arrows point to COX-1 positive nuclei), inset: non-immune IgG. C) POF-1 from normal ovary,
COX-1 expression is seen throughout the ovarian tumor whereas in the normal ovary COX-1 is
confined to the granulosa cells and adjacent stroma. COX-1 is highly expressed in POF-1 (arrows

point to COX-1 positive nuclei). Calibration bar, 50 um

3) COX-2 immunohistochemistry: A) Normal ovary; B) Ovarian tumor, (inset: non-immune IgG); C)
POF-1 from normal ovary. COX-2 expression is not increased in the ovarian tumor and is widely

distributed in POF-1. Arrows point to COX-2 positive staining. Calibration bar, 50 um

4) Comparison of COX-1 (A) and COX-2 (B) mRNA in young chickens (40-50 weeks, n=6), age-
matched normal chickens (165 months, n=12) and chickens with ovarian cancer (165 weeks, n=19),
quantified by real-time PCR. COX-1 and COX-2 mRNA by copy nhumber, normalized to GAPDH. a vs.
b (p<0.05) (+/- SEM).

Figure 5) Comparison of COX-1 (A) and COX-2 (B) mRNA in POFs, quantified by real-time PCR. POF-1 was

Figure

removed and dissected into top (POF-1-T) and bottom (POF-1-B) portions. RNA was extracted from
POF-1-T (n=7) and POF-1-B (n=6), POF-2 (n-6) and POF-3 (n=6) and quantified. COX-1 and COX-2
MRNA by copy number, normalized to GAPDH. avs. b, p <0.01 (+/- SEM).

6) Comparison of COX-1 mRNA in OSE isolated and analyzed from individual follicles F1 (n=8), F2
(n=8), F3 (n=8) (A) and POF-1 (n=7), POF-2 (n=6) and POF-3 (n=6) (B); COX-2 mRNA expression in
OSE isolated from individual follicles (C) and POF-1-3 (D). Follicles and POFs were collected
immediately after oviposition, RNA was extracted and quantified by real-time PCR. COX-1 and COX-2
MRNA by copy number, normalized to GAPDH. avs. b, p<0.05; avs. ¢, P<0.01 (+/- SEM).
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Figure 6
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