
 1 

AGRICULTURAL RESEARCH FOUNDATION 

FINAL REPORT  

FUNDING CYCLE 2016 – 2018 

 

 

TITLE: Identification of Early Protein Markers Expressed by Ovarian and Oviductal  

Surface Epithelial Neoplasias in Laying Hens (Gallus domesticus) 

 

RESEARCH LEADER: Gita Cherian 

 

COOPERATORS: K. Denise Apperson, Christiane Löhr, Karyn Bird (all with Oregon 

State University, College of Veterinary Medicine) 

 

SUMMARY: Epithelial ovarian cancer (EOC) is a metastatic cancer in which solid tumors 

develop in the surface epithelium of ovaries of women. Women with EOC have a low relative 

five-year survival rate associated with diagnosis late in the progression of the disease. There are 

few specific symptoms associated with early stages of the disease and little information is 

available on early expression and progression of EOC in women. Early detection is a significant 

issue in devising improved treatment therapies. 

The laying hen (Gallus domesticus) is a robust animal model for ovarian adenocarcinoma. 

Tumors in hens have morphology, histopathology, and course of development that is similar to 

tumors in women. Late-stage tumors in women and laying hens express many of the same proteins. 

The use of animal models to evaluate diseases is critical in identifying early disease markers and 

developing and testing chemotherapies. 

By the time a laying hen has reached two years of age, she has produced between 300 and 500 

eggs and has ovulated about the same number of times as a woman who has reached menopause. 

This is relevant because there is an established link between incidence of epithelial ovarian cancer 

in women and the number of lifetime ovulations. In both hens and women, risk and incidence 

increase rapidly as ovarian function diminishes.  

Ovulation is inherently inflammatory, and the link between chronic inflammation and cancer 

is well established. Interleukin-6 is a key cytokine that initiates many processes associated with 

inflammation, wound healing, and resolution of acute inflammation. IL-6 has been identified as a 

pleiotropic promoter of aggressive cancers, particularly EOC. The early progression of EOC in 

women and hens is not fully understood, and the IL-6 status of laying hens without grossly visible 

tumors is not known. 

 

OBJECTIVES: A thorough literature search did not yield a description of the microscopic 

characteristics of the normally functioning laying hen ovary and proximal oviduct in either the 

veterinary medical literature or the ovarian cancer research literature. To address this knowledge 

gap, in the first year of this project we described the histology of the ovary of the actively 

reproducing laying hen. This paper established a baseline from which lesions associated with 

pre-cancerous structural changes of the ovarian surface epithelium can be more readily 

identified.  

In the second year of this project, we described inflammatory lesions in ovaries of laying hens 

that lacked macroscopic evidence of EOC. The lesions include extensive heterophil infiltrates, 

cysts, hypervascularity, and proliferative surface epithelium in the ovary. We compared lesions to 

levels of IL-6 in serum and ovarian tissue lysates to evaluate the inflammatory status of laying 

hens with early changes in ovarian structure.  
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PROCEDURES 

Two separate groups of Leghorn laying hens hatched one year apart were included in this 

study. At 18 months of age, the birds in the first group were weighed then euthanized with CO2 

gas. Ovaries and oviducts were collected and fixed in neutral buffered formalin. At 21 months of 

age, birds in the second group were weighed then euthanized with CO2 gas. Ovaries, oviducts, and 

samples of liver and spleen were collected and fixed. Formalin-fixed tissues from all birds were 

routinely processed (Oregon Veterinary Diagnostic Laboratory, Corvallis, OR). Hematoxylin- and 

eosin-stained sections were examined by light microscopy. For selected tissue samples from birds 

in group one, immunohistochemistry for pancytokeratin and vimentin was performed according to 

Oregon Veterinary Diagnostic Laboratory standard operating procedures. 

Whole blood samples from the brachial veins of all birds were collected into red-top vacuum 

tubes 24-48 hours prior to euthanasia. The blood was allowed to clot then centrifuged. Serum was 

removed and stored at -80C until analysis.  

For birds in group two, pieces of ovary weighing approximately 2 g were placed in iced PBS 

at the time of tissue collection. Tissues were homogenized, subjected to freeze/thaw cycles to lyse 

cells, then centrifuged at 3200 rpm for 15 minutes. The supernatant was removed and stored at -

80C until analysis.  

Concentration of IL-6 in serum and ovarian tissue lysates was measured using chicken IL-6 

sandwich ELISA kits (LifeSpan Biosciences, Inc., Seattle, WA). Mean serum and tissue lysate IL-

6 concentrations of birds grouped by histological lesion type were compared using a two-tailed t-

test. 

 

SIGNIFICANT ACCOMPLISHMENTS TO DATE 

In order to fill a knowledge gap, we prepared a detailed description of the histology of the 

laying hen ovary with particular attention to the microscopic characteristics of the surface 

epithelium. We also described Wolffian duct remnant tissues that had not been well characterized 

in avian ovaries. These results were published in December, 2017. 

We grouped hens according to the types of lesions present in their ovaries then compared 

mean serum and tissue IL-6 concentrations of the groups. Based on our results, we suggest that, as 

laying hens age, increasing levels of IL-6 contribute to the formation of a distinct array of 

inflammatory changes in ovarian structure. These early changes may ultimately lead to the 

development of EOC in the aging laying hen. The results will be presented at the annual meeting 

of the American Association of Avian Pathologists in July, 2018, and a full manuscript is in 

preparation.  
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ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM 

K. Denise Apperson received an academic-year grant and a summer student research grant 

from the Department of Biomedical Sciences, College of Veterinary Medicine, Oregon State 

University. She also received a scholarship from the American Association of Avian Pathologists 

Foundation.  

 

FUTURE FUNDING POSSIBILITIES: The preliminary results obtained may serve as a 

starting point to look into other funding opportuntities (e.g. NIH or USDA  NIFA). 
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