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Abstract
Chronic inflammation has been linked to cancer. Prostaglandin E2 (PGE2) is the most pro-
inflammatory lipid and one of the downstream products of 2 isoforms of cyclooxygenase (COX)
enzymes: COX-1 and COX-2. Ovarian cancer is the most lethal gynecological malignancy and
mainly occurs in older women. The factors that contribute to the correlation of age and ovarian
cancer are unknown. The purpose of this study was to examine the expression of COX enzymes
and PGE2 levels in ovaries and correlate them to ovarian cancer and aging. White Leghorn hens
aged 1, 1.5, 2, 2.5, 3 and 3.5 years were used. The incidence of ovarian cancer was determined by
gross pathology and histology. COX-1 and COX-2 protein and mRNA expression and PGE2
concentrations in ovaries were measured using Western blot, quantitative real-time PCR and
ELISA, respectively. Our results indicated an increase in ovarian cancer incidence and expression
of both COX enzymes in ovaries of older hens. In correlation with ovarian cancer incidence and
COX enzymes expression, PGE2 concentrations were elevated with age. Ovaries with tumor had
elevated COX-1 expression and PGE2 concentration compared to normal ovaries. Our findings
suggest that the up-regulation of COX enzymes with age is the main contributing factor in the age
associated increase in PGE2. Furthermore, elevated PGE2 in ovaries of hens concomitant with age
suggests its important role in early stages of ovarian carcinogenesis. These finding may provide
the basis for clinical trials utilizing COX specific inhibitors or dietary intervention targeting
prostaglandin biosynthesis for the prevention and treatment of ovarian cancer.
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1. Introduction
The link between chronic inflammation and cancer has been recognized for many years [1].
Originally, inflammation was believed to be primarily a beneficial host response,
representing the body’s fight against invading tumor cells [2]. More recent data, however,
suggest just the opposite; Inflammation may be the cause of some cancers and a powerful
stimulus for tumor growth and invasion [1,3,4]. Conversely, anti-inflammatory drugs such
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as non-steroidal anti-inflammatory drugs (NSAIDs) decrease the risk of developing of many
cancers.

Eicosanoids, including prostaglandins and leukotrienes, are products of local cell type
specific arachidonic acid (AA) metabolism and can be potent mediators of inflammation
[5,6]. Prostaglandins (PGs) are downstream products of cyclooxygenase enzymes. PGs are
biologically active lipids that are associated with inflammation, fever, pain and tissue injury
[7]. The most proinflammatory lipid and major prostaglandin is PGE2 which plays a
predominant role in cancer initiation and development [8]. Furthermore, PGE2 is the most
common prostaglandin found in different human cancers including colon, lung, breast, and
head and neck cancers [9]. It has been proven that prostaglandins and their metabolites play
a crucial role in regulating the cellular processes such as enhancement of proliferation,
inhibition of apoptosis and stimulation of cell adhesion.

Cyclooxygenase (COX) is the rate limiting enzyme in catalyzing the conversion of
arachidonic acid to prostaglandin H2. Specific prostaglandin synthases act on PGH2 to
produce prostaglandins and thromboxanes. Two isoforms of cyclooxygenase has been
identified, COX-1 and COX-2. Although both COX isoforms have similar structure and
function, they are encoded with different genes (PTGS1 and PTGS2) and show distinct
expression patterns. COX-1 is expressed in most cells and tissues and remains constant
under most physiologic conditions to play a housekeeping role whereas the COX-2 form is
inducible and usually only expressed in response to various inflammatory stimuli [10]. It has
been shown that COX enzymes may be involved in both tumor establishment [11] and
maintenance of existing tumors [12]. Up-regulation of COX-2 has been reported in many
malignancies including breast [13], lung [14] and ovarian cancer [15]. However, we and
others have shown that COX-1 is over-expressed in ovarian cancer [12,16,17].

Ovarian cancer is the fifth leading cause of cancer death among women and the most lethal
gynecological malignancy. There are at least 3 well established risk factors for ovarian
cancer: age, family history and environmental factors. The incidence of inclusion cysts
increases with advancing age and are common in post-menopausal women [18] which is
highly correlated with increased ovarian cancer risk. Ovarian cancer is mainly seen in older
women when their ovaries are not reproductively functional. Close to half of the women
with ovarian cancer (48%) are in the age group of 65 or older [19]. Several hypotheses about
the etiology of ovarian cancer have been proposed. “Gonadotropin hypothesis” states that
increased exposure to the gonadotropins, follicle stimulating hormone (FSH) and lutenizing
hormone (LH), leads to ovarian surface epithelium (OSE) transformation [20] which is
supported by evidence that as women enter menopause, their levels of FSH and LH are very
high, which corresponds with the age that most women develop ovarian cancer [21]. “Tubal
hypothesis” has emerged which proposes that ovarian cancer may not originate from the
ovary at all, but rather arises from the oviduct [22,23] in a way that Fallopian tube exposure
to the same microenvironment as the ovary which contains many inflammatory factors may
potentially damage OSE and induce mutation and transformation. This hypothesis classifies
ovarian cancer into two types: type I ovarian cancer where there are low grade, relatively
stable cancers that arise in the ovary and type II which are very aggressive high grade serous
carcinomas that may arise from damaged epithelium of the Fallopian tubes [24–26]. A third
theory, the “incessant ovulation hypothesis” was first proposed by Fathalla in 1971 [27]. 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. In
support of this hypothesis, multiparity, duration of lactation and use of birth control pills all
decrease the risk of epithelial ovarian cancer [28]. The hen model strongly supports the
incessant ovulation hypothesis because domestic hens ovulate almost daily and frequently
develop ovarian cancer [29]. By the time a hen has completed 2 years of egg laying, she has
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ovulated about as many times as a woman approaching menopause. After each ovulation,
the rapid repair of the ovarian surface epithelium may cause the formation of inclusion cysts
where the surface cells become trapped and cause ovarian cancer.

Hens spontaneously develop ovarian adenocarcinomas that are similar in histological
appearance to human ovarian carcinomas and share similar symptoms of the disease, such as
perfuse ascitic fluid and peritoneal metastatic dissemination [30,31]. The laying hen is the
only accessible animal model that recapitulates human ovarian cancer. Many hypotheses
about etiology of ovarian cancer have been proposed but the factors that contribute to
correlation of age and ovarian cancer is unknown. The purpose of this study was to examine
the expression of COX enzymes and PGE2 levels in ovaries and correlate them to ovarian
cancer and aging. The results of this study indicate that COX enzymes and PGE2 increase
with age coinciding with onset of ovarian cancer which makes them suitable targets to
prevent this highly lethal malignancy.

2. Material and methods
2.1. Animals

Six hundred single comb white Leghorn hens, aged 12–45 months, were used. Hens were
maintained 3 per cage and were 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.
Ovulation frequency was determined by counting the total number of eggs laid each week
by the whole group, then dividing by the total number of hens in each group. Animal
management and procedures were reviewed and approved by the Institutional Animal Care
and Use Committees at the University of Illinois at Urbana-Champaign, University of
Illinois at Chicago and Southern Illinois University at Carbondale.

2.2. Collection of tissue
At the age of 12, 19, 24, 31, 36 and 45 months, 20 hens were randomly selected, euthanized
using CO2 asphyxiation and necropsied. Samples from chickens aged 19, 31 and 45 months
were designated as 1.5, 2.5 and 3.5 years old, respectively. Ovaries were removed from hens
and small yellow follicles (6–8 mm) and pre-ovulatory follicles (9–35 mm) were removed.
Ovaries with suspected abnormalities were noted and confirmed as ovarian tissue with or
without tumor by histology. Tumors were classified by stage as previously shown [32].
Tumors were characterized based on the size of the ovarian tumor, oviductal involvement,
and if there was any ascites fluid and peritoneal metastaseis present by gross observation
[31]. Basic histology was performed on early stage tumors to determine the grade of cancer
[33]. The ovaries were dissected into several pieces. The first portion was frozen in liquid
nitrogen and later stored at −80 °C; the second portion was put into RNAlater solution and
stored at 4 °C before processing; the third and fourth portions were used for histological
analysis and fixed in NBF fixative solution.

2.3. Reagents
Prostaglandin E2 EIA monoclonal kit and anti-human COX-1 and anti-human COX-2
antibodies were obtained from Cayman Chemical (Ann Arbor, MI, USA). High capacity
cDNA archive kit, RNAlater and SYBR Green were obtained from Applied Biosystems
(Foster city, CA, USA). Neutral buffered formalin (NBF) was obtained from Sigma-Aldrich
(St Louis, MO, USA); Experion RNA StdSens Analysis and CFX384 Real-Time System
were obtained from Bio-Rad (Hercules, CA, USA). Halt protease inhibitor cocktail EDTA-
Free and BCA protein assay were obtained from Pierce Biotechnology (Rockford, IL, USA).
The homogenizer Ultra-Turrax was from Jenke and Kunkel (Staufenh, Germany). Synergy
MxMonochromator-Based Multi-Mode Microplate reader was from BioTek (Winoosk, VT,
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USA). SNAP i.d. was obtained from Millipore (Billerica, MA, USA). Odyssey blocking
buffer, goat anti-mouse IgG antibody (H&L)-DyLight™680 conjugated and goat anti-rabbit
IgG antibody (H&L)-DyLight™800 conjugated were obtained from LI-COR Bioscience
(Lincoln, NE, USA). β-Actin was obtained from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Solid phase extraction columns were purchased from Waters Corporation
(Milford, MA, USA).

2.4. Histology
Ovarian tissues fixed in NBF were processed and paraffin embedded as previously described
[16,29,30]. Four micrometer sections were cut and mounted on SuperFrost Plus microscope
slides. Slides were deparaffinized and rehydrated through xylene and graded ethanol
solutions. Hematoxylin and eosin staining were performed as described [34].

2.5. RNA extraction and analysis
Total RNA was extracted from ovarian tissue using Trizol reagent. Quantification was
performed by determination of absorbance at A260, and qualified by Experion RNA
StdSens Analysis. All RNA samples used in this study had a 260:280 ratio range between
1.97 and 2.15, and had 3 bands: 5 S, 18 S and 28 S for electrophoresis results. RNA samples
were then treated with RQ1 RNase-free DNase prior to reverse transcription reaction. cDNA
was synthesized from DNase treated RNA with the high capacity cDNA archive kit.

2.6. Quantitative real-time PCR
The chicken-specific primers and plasmid standards used for each gene were designed.
Primer sequences are as follows:

COX-1 Forward 5′ TCAGGTGGTTCTGGGACATCA 3′

Reverse 5′ TGTAGCCGTACTGGGAGTTGAA 3′

COX-2 Forward 5′ CTGCTCCCTCCCATGTCAGA 3′

Reverse 5′ CACGTGAAGAATTCCGGTGTT 3′

GAPDH Forward 5′ GATGGGTGTCAACCATGAGAAA 3′

Reverse 5′ CAATGCCAAAGTTGTCATGGA 3′

qRT-PCR was conducted by amplifying cDNA with SYBR Green on CFX384 Real-Time
System and analyzed with Bio-Rad CFX Manager software. Control reactions lacking
template were run for each gene. Reactions were 10 μl in total volume and 200 nM of each
primer. The plasmid standards and cDNA were simultaneously assayed in duplicate
reactions. The amplification conditions were as follows: 50 °C 5 S, 95 °C 10 min, 40 cycles
for 95 °C 15 S, 60 °C 1 min.

2.7. Western blot
Snap frozen ovarian tissue samples were pulverized on dry ice, re-suspended in ice-cold
lysis buffer (PBS/0.1% sodium dodecyl sulfate (SDS), supplemented with Halt protease
inhibitor cocktail EDTA-Free), and homogenized using Ultra-Turrax. Protein concentrations
were determined by BCA protein assay and Synergy MxMonochromator-Based Multi-Mode
Microplate reader. Twenty milligrams of total protein were separated by SDS-PAGE using
12.5% acrylamide/SDS separating gels and transferred to nitrocellulose membranes. Using
SNAP i.d. the nitrocellulose membranes were incubated for 10 min with Odyssey blocking
buffer and monoclonal anti-human antibodies for detection of COX-1 or COX-2. Data were
normalized to β-Actin. Detection of bound antibody on the blot was assessed with a goat
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anti-mouse IgG antibody (H&L), DyLight™680 conjugated and goat anti-rabbit IgG
antibody (H&L), DyLight™800 conjugated scanned for infrared signal using Odyssey
imaging system.

2.8. PGE2 EIA
The amount of PGE2 in ovarian tissue was measured using a specific enzyme immunoassay
according to manufacturer’s instructions. Snap frozen ovarian tissues maintained at −80 °C
were pulverized on dry ice and re-suspended in 5 ml of homogenizing buffer (0.1 M
phosphate, pH 7.4, containing 1 mM EDTA and 10 μM indomethacin) per 1 g of tissue.
Samples were homogenized, acidified to ~pH 4, centrifuged at 3000 g for 5 min and
supernatants were transferred to clean tubes. Solid phase extraction columns (C-18) were
prepared by rinsing with 5 ml methanol followed by 5 ml deionized water. Samples were
applied to the columns and washed with 5 ml of deionized water followed by 5 ml of HPLC
grade hexane. Cartridges were allowed to dry. PGE2 was eluted from the columns by
ethylacetate containing 1% methanol. Ethyl acetate was evaporated under steam of nitrogen
to complete dryness. To re-suspend the samples, 500 μl EIA buffer (provided with the kit)
were added and vortexed. The contents of PGE2 EIA standard vial (provided with the kit)
were reconstituted with 1.0 ml of EIA buffer and serially diluted. 96-well goat polyclonal
anti-mouse IgG covered plate was set up and EIA buffer was added to appropriate wells.
Fifty micro-liter of standards and 50 μl of samples, 50 μl of PGE2–acetylcholinesterase
tracer and PGE2 monoclonal antibody were added to appropriate wells, respectively. The
plate was covered and incubated for 18 h at 4 °C. Wells were emptied and rinsed with wash
buffer (provided with kit) 5 times. Ellman’s reagent was reconstituted and 200 μl of it were
added to each well. Five micro-liter of tracer were added to appropriate wells. The plate was
covered and allowed to develop on an orbital shaker for 75 min. The plate was read at
wavelength of 405 nm and Cayman chemical computer spreadsheet was used to calculate
the concentration of PGE2.

2.9. Statistical analysis
All experiments were performed in duplicate at each time-point (n=20) and differences in
data from groups were analyzed with Graph Pad InStat by using One-way ANOVA with
Student–Newman–Keuls. A value of P<0.05 was considered significant whereas a value of
P<0.01 was considered highly significant.

3. Results
3.1. Ovarian cancer incidence increases with age

Upon necropsy of 20 hens at each time-point, ovaries were classified as normal, cancerous
or suspected abnormalities. Ovaries with suspected abnormalities were analyzed by
histology to confirm the cancerous ovarian tissue. Fig. 1A and D shows a normal ovary of
hen consists of a hierarchy of 4–5 pre-ovulatory follicles. The ovary shown in Fig. 1B was
classified as a suspected ovary. The ovary was active and there were no metastasis and
abdominal ascites but it had less ovulatory follicles than normal ovary and was stiff, highly
vascular and bigger than normal. Microscopic examination of the suspected ovary after
H&E staining (Fig. 1E) showed a disassociated stroma with unusually high numbers of
blood vessels. Furthermore, formation of focal lesions in the stroma below the ovarian
surface was apparent. Fig. 1C was classified as cancer due to stiffness and huge size of the
ovary, lack of any follicle indicating inactivity of the ovary, peritoneal ascites and
metastasis. Under the microscope, the cancerous ovary had solid areas composed of slit-like
sheets containing cells with high-grade nuclear atypia and a few tiny glands were also seen
without any papillae (Fig. 1F). No ovarian malignancy was detected in hens aged 1, 1.5 and
2 years; however 6 month later,10% of 2.5 year old chickens (n=2) had ovarian cancer (Fig.
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2). There was an increase in ovarian cancer incidence in 3 year old hens (n=13) compared to
younger hens with 65% of 3 year old hens having ovarian cancer.

3.2. COX-1 is up-regulated in ovarian cancer with age
Expression of COX-1 protein was measured using western blot (Figs. 3A–C). There was no
significant difference in expression of COX-1 among 1 (n=20), 1.5 (n=20) and 2 (n=20) year
old hens. Comparing COX-1 protein expression in normal ovaries of 2.5 year old hens
(n=18) to the first three age groups (ages 1, 1.5 and 2) revealed a significant increase in 2.5
year old hens (P<0.001). It is important to note that in ovaries of 1, 1.5 and 2 year old hens,
no ovarian cancer was seen and the first ovarian cancer was observed in 2.5 year old hens.
Using qPCR, COX-1 mRNA was quantified (Fig. 4). Similar to the protein expression, no
significant change in COX-1 mRNA expression was observed among the three youngest
ages (1, 1.5 and 2 year old). Normal ovarian tissue of 2.5 year old chickens expressed
greater amounts of COX-1 mRNA than three younger groups (P<0.01). A significant
elevation in COX-1 mRNA expression was seen in 3 year old normal hens compared to 2.5
year old normal hens (P<0.01); However a decrease in normal ovarian tissue’s COX-1
mRNA and protein expression from 3 to 3.5 year old hens was found which was not
statistically significant (P>0.05).

A significant (P<0.01) elevation of COX-1 protein and mRNA expression occurred when
comparing normal ovaries to cancerous ovaries of 2.5, 3 and 3.5 year old hens, respectively
(Fig. 3B and C; and Fig. 4).

3.3. COX-2 is over-expressed in ovaries with age
There were no significant changes in COX-2 protein expression in ovaries of hens aged 1
(n=20), 1.5 (n=20) and 2 (n=20) years. Birds aged 2.5 years, had significantly higher
expression of COX-2 protein in their normal ovaries (n=18) compared to normal ovarian
tissue of 2 year old hens (n=20) (Fig. 5). A further significant increase in expression of
COX-2 protein was seen in normal ovaries of 3 year old hens (n=7) compared to normal
ovaries of 2.5 year old hens. The COX-2 mRNA expression in all groups was measured
using qPCR and compared to each other (Fig. 6). There were no significant differences in
COX-2 mRNA expression among 1, 1.5 and 2 year old hens (n=20). In contrast, there was a
significant increase in COX-2 mRNA expression in normal ovaries of 2.5 year old chickens
(n=18) in comparison to younger hens (P<0.01). Normal ovarian tissue from 3 year old hens
(n=7) had higher expression of COX-2 mRNA than 2.5 year old normal hens; and 3.5 year
old chickens with normal ovaries (n=10) had significantly less COX-2 expression than
normal ovaries of 3 year old hens (P<0.05).

Interestingly, there were no statistically significant differences in expression of both COX-2
protein and mRNA between birds with ovarian cancer and birds with normal ovaries at each
time-point.

3.4. PGE2 concentration in ovary increases with age
In parallel with the results that we obtained for COX enzymes expression, PGE2 was
measured in ovaries of hens as a function of age. There were not any significant differences
in concentration of PGE2 in normal ovaries of 1 (n=8), 1.5 (n=8) and 2 (n=8) year old hens.
Significantly higher amounts of PGE2 were present in normal ovaries of 2.5 year old hens
(n=8) compared to normal ovaries of 1 (n=8), 1.5 (n=8) and 2 year old (n=8) hens (P<0.01;
Fig. 7). The concentration of PGE2 in normal ovaries of 3 year old hens (n=7) was higher
than normal ovaries of 2.5 year old hens (P<0.001).
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There was no significant difference in concentration of PGE2 between normal and cancerous
ovaries of 2.5 year old birds; however cancerous ovaries of 3 year old hens (n=8) had
significantly more PGE2 concentrations compared to normal ovaries of hens aged the same
(n=7; P<0.01). Furthermore, cancerous ovaries of 3.5 year old hens (n=8) had significantly
higher PGE2 concentration than normal ovaries of birds of the same age (n=8; P<0.05).

4. Discussion
Our goal was to examine the expression of COX-1, COX-2 and PGE2 in normal and
cancerous hen ovaries and compare expression to age and ovarian cancer incidence. Here,
we report that the incidence of ovarian cancer significantly increases with age in the laying
hen. Also the expression of both COX-1 protein and mRNA was remarkably increased in
normal ovaries of older hens compared to normal ovaries of younger hens. A significant
increase was found in COX-1 protein and mRNA expression in cancerous ovaries compared
to normal ovaries of old hens (aged 2.5, 3 and 3.5 years). Furthermore, normal ovaries of
older hens had significantly higher COX-2 protein and mRNA expression compared to
normal ovaries of younger hens indicating a positive correlation between age and COX-2
expression. There was no difference in COX-2 protein and mRNA expression between
normal and cancerous ovaries of hens (P>0.05). In correlation with increased incidence of
ovarian cancer and expression of both COX enzymes, PGE2 was elevated significantly with
age. Similar to COX-1, cancerous ovaries of 3 and 3.5 year old hens had higher PGE2
concentrations than normal ovaries of hens at the same age.

We detected an increase in incidence of ovarian cancer in hens specifically at 3–3.5 years of
age. The average age of menopause among women is 51 years [35], which closely precedes
the average age of ovarian cancer diagnosis, which is 54 years [36]. The incidence of
ovarian cancer continues to increase after menopause, and age—even more so than a family
history of ovarian cancer—is the best prediction of ovarian cancer risk [37]. Ovarian cancer
is mainly seen in older women and our results correlated with age related ovarian cancer
incidence in humans. Many years of ovulation, longer exposure to environmental factors,
ovarian aging and accumulated DNA damage might be associated with increased rate of
ovarian cancer with age. Our finding was in agreement with others that have shown an
increase in ovarian cancer incidence in hens after 2 years of age [38]. This finding further
validates the chicken as a suitable model to study human ovarian cancer.

We detected an up-regulation of COX-1 protein and mRNA in ovarian cancer in the laying
hen which is in correlation with our previous findings [16]. Elevation of COX-1 expression
with age might be in respond to the high frequency of ovulation during the reproductive age
which may help to establish a pro-carcinogenic microenvironment where malignant
transformation of OSE originates. The age-associated increase in COX-derived products of
arachidonic acid in humans has been previously reported [39–41]. Martinez et al. found that
in stomach, small bowel and large bowel tissue COX-1 mRNA levels in the adult are
significantly higher than in the newborn [42]. Kino et al. indicated that PGE2 synthesis in
ovarian cancer is regulated by COX-1 enzyme [43]. Urick and Johnson reported that
increased PGE2 levels in hen ovaries with tumors might be due to increased
COX-1expression [17].

Our data indicated that the expression of COX-2 protein and mRNA were significantly
increased with age in the hen ovaries. Similar to COX-1, COX-2 was up-regulated at the
same age cancer was noted for the first time in hen ovaries; However, none of hens with
ovarian cancer had greater COX-2 expression compared to age matched normal hens.
COX-2 mediates the growth hormone regulated proliferation of granulosa cells in chickens
[44]. Because chickens have a high ovulation frequency, high expression and accumulation
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of COX-2 in hen ovaries are possible. There are many reports on the role of COX-2 enzyme
and its over-expression in cancer. Enhanced expression of COX-2 with age in murine spleen
[45] and human papillary thyroid cancer [46] previously has been reported. Casolini et al.
showed that inhibition of COX-2 reduces the age dependent increase of hippocampal
inflammatory markers in rats [47] suggesting a natural tendency to offset the age-dependent
increase in brain inflammatory process. Our findings are in agreement with previous reports
regarding increase in expression of COX-2 mRNA in old mice compared to younger mice
[39].

The normal ovaries of older chickens, which are highly susceptible to ovarian cancer, had
greater PGE2 concentrations compared to younger hens. Also, comparing the older (3 and
3.5 year old) hens with ovarian cancer to normal ones at the same age revealed a significant
elevation in PGE2 concentration. This finding was positively correlated to significantly
increased expression of COX enzymes with age. PGE2 as a key pro-inflammatory lipid and
the major prostaglandin has a predominant role in cancer initiation and development.
Elevation of prostaglandin E2 in ovarian cancer [48] and an increase in incidence of, and
mortality from neoplastic diseases with age have been previously reported [39].
Prostaglandins are potent mediators of intercellular communication, and high concentrations
of PGE2 are believed to be immunosuppressive for T cell-mediated immunity [49], increase
angiogenesis [50] and stimulate cell proliferation and inhibit apoptosis in ovarian cancer cell
lines [51]. PGE2 mediated immune suppression may lead to increased susceptibility to
tumor formation and impaired defense against previously formed tumors [17,52]. The
increase in PGE2 at the age when cancer begins to increase implies that PGE2 is an
important factor in early stages of ovarian carcinogenesis in the aging hen. This finding
further establishes the link between PGE2 derived inflammation and consequent ovarian
diseases with age.

Taken together, our results are consistent with the notion that the up-regulation of COX
protein and mRNA levels with age is the main contributing factor in the age associated
increase in prostaglandin E2. Our results demonstrate that the age-associated increases in
PGE2 may correspond to the increased incidence of ovarian cancer suggesting that
cumulative inflammation contributes to initiation and/or progression of ovarian cancer. The
mechanism of an increase in expression of COX enzymes is not clear. However, several
studies have reported increased production of ROS during aging indicating that enhanced
expression of COX-2 mRNA with age might be due to increased production of ROS [53–
55]. To our knowledge the present study provides the first insight into the age-related
changes in the expression pattern of COX-1, COX-2, prostaglandin E2 levels and onset of
ovarian cancer. These finding may provide the basis for clinical trials utilizing COX specific
inhibitors or dietary intervention targeting prostaglandin biosynthesis for the prevention and
treatment of ovarian cancer.
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Fig. 1.
Normal and cancerous chicken ovary. (A) Gross anatomy of normal ovary with a hierarchy
of developing follicles; (B) ovary classified as suspected; (C) ovary taken from a hen with
metastatic late stage ovarian cancer; (D) H&E stain of normal ovary with developing small
follicles; (E) H&E stain of suspected ovary showed a disassociated stoma with unusually
high numbers of blood vessels and formation of focal lesions in the stroma below the
ovarian surface was apparent (arrow); (F) H&E stain of metastatic late stage ovarian cancer
with solid areas composed of slit-like sheets containing cells with high-grade nuclear atypia
and a few tiny glands were also seen without any papillae. Calibration Bar, 200 μm.
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Fig. 2.
Percentage of early and late stages ovarian cancer incidence at different ages. Necropsy of
hens was performed at different time-points (n=20) and ovaries were classified as normal,
cancerous or questionable. Questionable ovarian tissues were analyzed by histology to
confirm the cancerous ovarian tissue. No ovarian malignancy was detected in 1 (n=0/20),
1.5 (n=0/20) and 2 year old hens (n=0/20); however, 10% of 2.5 year old (n=2/20) hens had
ovarian cancer. There was a significant increase in ovarian cancer incidence in 3 year old
hens (n=13/20) (65%) compared to younger hens. Fifty percent of 3.5 year old birds
(n=10/20) had ovarian cancer.
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Fig. 3.
Expression of COX-1 protein was measured in ovaries of hens at different ages. (A and C) A
significant increase in COX-1 expression was observed in normal ovaries of 2.5 year old
hens (n=18) compared to 1 (n=20), 1.5 (n=20) and 2 (n=20) year old hens. (B and C) There
was a significant difference in COX-1 protein expression between normal and cancerous
ovaries of hens at 2.5, 3 and 3.5 year old. a versus b, P<0.001; b versus c, P<0.01; Bars
indicate standard error.
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Fig. 4.
COX-1 mRNA expression in ovaries of hens at approximately 6 month intervals. Normal
ovaries of 2.5 year old hens (n=18) had significantly greater expression of COX-1 mRNA
than 1 (n=20), 1.5 (n=20) and 2 (n=20) year old hens. A significant elevation in COX-1
mRNA expression occurred in ovaries of 3 year old normal hens (n=7) compared to ovaries
of 2.5 year old normal hens. There was a significant difference in COX-1 mRNA expression
between normal and cancerous ovaries of hens at 2.5, 3 and 3.5 year old. a versus b, b versus
c, b versus d, c versus e, e versus d, P<0.01; c versus d, P>0.05. Bars indicate standard error.
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Fig. 5.
Expression of COX-2 protein was measured in hen ovaries at different ages. Normal ovaries
of 2.5 year old hens (n=18) showed significantly higher expression of COX-2 protein
compared to ovaries of 1 (n=20), 1.5 (n=20) and 2 (n=20) year old hens. A significant
increase in expression of COX-2 protein was seen in 3 year old chickens (n=7) compared to
2.5 year old. a versus b and b versus c, P<0.001; Bars indicate standard error.
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Fig. 6.
COX-2 mRNA expression in ovaries of hens aged 1 (n=20), 1.5 (n=20) and 2 (n=20) year
was similar followed by a significant increase in normal ovaries of hens aged 2.5 (n=18) and
3 (n=7) year. Normal ovaries of 3.5 year old hens (n=10) had less COX-2 mRNA expression
than 2.5 year old normal hens. a versus b and b versus c, P<0.01; c versus d. P<0.05; Bars
indicate standard error.
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Fig. 7.
Comparison of prostaglandin E2 concentrations in ovaries of chicken at different ages. There
was a significant increase in concentrations of PGE2 in normal ovaries of 2.5 year old hens
(n=8) compared to ovaries of 1 (n=8) 1.5 (n=8) and 2 (n=8) year old birds. Normal ovaries
of 3 year old hens (n=7) had the higher PGE2 concentrations than normal ovaries of 2.5 year
old hens. Cancerous ovaries of 3 year old hens (n=8) had significantly more PGE2
concentrations compared to normal ovaries of hens aged the same (n=7). There was a
significant difference between normal ovaries of 3.5 year old hens (n=8) and cancerous
ovaries of hens at the same age (n=8). a versus b, c versus d, P<0.01; b versus c and b versus
d, P<0.001; c versus e, P<0.05;Bars indicate standard error.
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