Luteinizing hormone receptor-mediated cell proliferation in canine T-cell lymphoma cells
by
Camryn Flint

A THESIS

submitted to

Oregon State University
Honors College

in partial fulfillment of
the requirements for the
degree of
Honors Baccalaureate of Science in Animal Science
(Honor Scholar)

Presented July 22, 2020
Commencement June 2021

ii

AN ABSTRACT OF THE THESIS OF
Camryn Flint for the degree of Honors Baccalaureate of Science in Animal Science presented on
July 22, 2020.
Title: Luteinizing hormone receptor-mediated cell proliferation in canine T-cell lymphoma cells
Abstract approved: ______________________________________________________________
Michelle Kutzler
Luteinizing hormone (LH) is secreted in low-amplitude pulses in sexually intact dogs to
stimulate synthesis of estrogen and testosterone in females and males, respectively. LH is mainly
considered a reproductive hormone, but LH receptors (LHR) have been identified in nonreproductive tissues, including in canine lymphoma and isolated canine T-cell lymphoma (CTCL)
cells. The objective of this study was to determine if the LHR in CTCL cells was functional. It was
hypothesized that stimulation of the LHR by human chorionic gonadotropin (hCG) or canine LH
(cLH) would induce proliferation of CTCL in vitro. Immortalized T-cell lines from three dogs with
multicentric T-cell lymphoma donated from Dr. Takuya Mizuno at Yamaguchi University, Japan,
were plated in 96-well plates in RPMI 1640 (phenol and protein free) media at 37℃ with 5% CO2.
For each cell line, standard curves from 10,000 to 500,000 cells/well were plated in triplicate.
Increasing concentrations of hCG (4 U/mL to 40,000 U/mL) or cLH (0.002 ng/mL to 20 ng/mL)
were added to wells containing 100,000 cells plated in triplicate. Plates were incubated for 24, 48,
and 72 hours for hCG or 48, 72, 96 and 120 hours for cLH before cells were counted using an
MTT cell proliferation assay kit following the manufacturer's instructions. Average±SD cell
number was compared between hormone concentrations using a one-way ANOVA. Significance
was defined as P<0.05.

iii

Activation of LHR in isolated CTCL cells induced significant cell proliferation in all three cell
lines with both hCG and cLH but varied between concentrations and incubation times. The highest
amount of proliferation from hCG occurred at the 40,000 U/mL concentration following 72 hours
of incubation in all three cell lines. The highest amount of proliferation from cLH occurred at the
2 ng/mL concentration following 96 hours of incubation in all three cell lines. However, there was
a significant decrease in cell counts following administration of cLH at the highest concentration
(20 ng/mL) at all incubation times. This is the first study to provide evidence that LHR in nonreproductive tissues are functional. The current research provides a possible theory as to why
gonadectomized dogs are 3-4 times more likely to develop lymphoma. Clinical trials are planned
to include LH down-regulation with conventional chemotherapy in efforts to prolong survival
times in dogs.
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I.

Introduction

I.A. Canine T-Cell Lymphoma
Canine T-cell lymphoma (CTCL) is a naturally occurring malignant tumor in dogs
originating from neoplastic T-cell lymphocytes. Lymphocytes are a subtype of white blood cells
that support the immune system in canines and other mammals. Lymphocytes arise from two cell
lines: T-cells and B-cells. T-cell lymphocytes arise from the thymus gland and are responsible for
cell-mediated immunity (e.g. secrete cytotoxins), while B-cell lymphocytes develop in the bone
marrow and are responsible for humoral immunity (e.g. secrete antibodies).1 The occurrence of
CTCL accounts for 10-38% of all lymphoma cases in dogs.2
Clinical signs of CTCL depend on where in the body the cancer is located.3 Multicentric
CTCL affects all lymph nodes throughout the body. Alimentary CTCL affects the gastrointestinal
tract, either as a solitary tumor or diffuse throughout the gastrointestinal tract, with or without
involvement with surrounding lymph nodes or organs. Mediastinal CTCL affects lymphoid organs
in the chest, such as the thymus. Extranodal CTCL affects one or more of the organs outside the
lymphatic system (e.g. eyes or skin). The most common clinical sign among all types of CTCL is
painless generalized lymph node enlargement, along with other non-specific signs such as fever,
lethargy, and inappetence. Other symptoms may be organ specific (e.g. diarrhea or vomiting with
alimentary lymphoma or skin lesions with extranodal lymphoma).3,4
Lymphoma can be diagnosed by performing cytology following fine needle aspiration or
histopathology following biopsy of the affected lymph nodes or other involved tissues.5
Immunohistochemistry, flow cytometry, immunocytochemistry, or PCR tests can be performed to
differentiate between T-cell lymphoma or B-cell lymphoma.5 After diagnosis, the severity of the
stage of cancer can be determined with other diagnostics (e.g. bloodwork, radiographs, other
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diagnostic imaging). There are five stages of lymphoma.5 Stage 1 involves only a single lymph
node. Stage 2 involves several regional lymph nodes. Stage 3 progresses to generalized lymph
node involvement, i.e. lymph nodes on both sides of the diaphragm. Stage 4 progresses to
involvement of extra-lymphatic tissues (e.g. liver, spleen). Stage 5 involves blood and bone
marrow, and all other non-lymph node sites.
Compared with B-cell lymphoma, dogs with CTCL, specifically large cell and high grade
CTCL, have a significantly higher risk of rapid death within 4-6 weeks with therapy.3,6
Conservative treatment for CTCL suppresses the immune response with corticosteroids.
Aggressive treatment often involves a combination of chemotherapeutic agents in addition to
corticosteroids.7 A commonly used CTCL treatment (CHOP) includes cyclophosphamide,
hydroxydaunorubicin (doxorubicin), vincristine (Oncovin®), and prednisone.7 Dogs treated with
CHOP chemotherapy for high grade large cell CTCL or B-cell lymphoma have a median survival
time of 8 – 12 months.2
There are certain risk factors for CTCL including breed, age, and reproductive status.
Boxers, Scottish Terriers, Airedale Terriers, Basset Hounds, Bulldogs, Golden Retrievers, and
Bernese Mountain dogs are at higher risk for developing CTCL due to genetic predisposition
within the breed.8 Dogs that are between 6-12 years old are at a higher risk for developing CTCL.8
However, high-grade CTCL, which grows more quickly and is more likely to spread to other parts
of the body, occurs more often in younger dogs; whereas low-grade CTCL is more common in
older dogs8. Gonadectomized dogs are 3-4 times more likely to develop lymphoma than nongonadectomized dogs.8,9
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I.B. Luteinizing Hormone
Luteinizing hormone (LH) is produced by luteotrophs in the anterior pituitary gland of all
mammalian species.10 It is secreted in response to the low amplitude, high frequency pulsatile
release of gonadotropin-releasing hormone (GnRH). Luteinizing hormone is responsible for
stimulating ovulation and development of the corpus luteum in females. Luteinizing hormone is
also responsible for stimulating androgen production in both males and females, which can then
be aromatized to estrogen in females.10 Luteinizing hormone is secreted in low-amplitude pulses
in sexually intact dogs to maintain these functions and the gonads (ovaries and testes) secrete
androgens and estrogens. These hormones provide negative feedback to the pituitary gland. When
a dog is gonadectomized, there is a loss of negative feedback to the pituitary so LH can be secreted
and is present in the blood for up to thirty time higher in gonadectomized dogs than sexually intact
dogs.8,10
Receptors for LH (LHR) are present in reproductive and non-reproductive tissues,
including the thyroid gland, adrenal glands, canine cruciate ligament, and the gastrointestinal
tract.11, 12, 13, 14 Receptors for LH are also present in non-neoplastic and neoplastic canine T-cell
lymphocytes.15 The percentage of non-neoplastic T-cell lymphocytes that express LHR varies
between reproductive status such that increased LHR expression is found in the T-cell lymphocytes
of spayed or neutered dogs. In addition, the percentage of neoplastic T-cell lymphocytes that
express LHR varies between cell line (e.g. CLC, CLK, EMA).16 The highest percentage of cells
expressing LHR was found in the CLC line, followed by the CLK and EMA lines.17 However, the
question remains if LHRs in non-reproductive tissues are functional.
I.C. Cell Proliferation Assays
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Cell proliferation assays are used in laboratories to measure how many cells have divided
over a certain incubation time. One type of cell proliferation assay is a 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide tetrazolium (MTT) assay. The MTT salt that is initially
colorless, but an enzymatic reaction will turn into MTT formazan, which is a bright purple color.
Once the living cells have performed this reaction, a to the cells are lysed color is measured
quantitatively on a plate reader.18 MTT assays have the benefit of being highly sensitive and easy
to perform in laboratory settings, however the metabolic rate of different types of cells can affect
the results.19
Fluorescent dyes can also be used to measure cell proliferation like the MTT assay except
with no metabolic conversion. Fluorescent dyes by l cells to be read on a plate reader, Fluorescent
dyes are also easy to use in a laboratory, however finding the correct peak fluorescence to measure
at can be difficult and the ability for each cell to be labelled correctly can vary greatly.20
Lastly, DNA synthesis assays can be used to measure cell proliferation based on the amount
of DNA being synthesized for proliferating cells. This involves incubating the cells with 3Hthymidine, which adheres to the DNA and then can be washed and measured using scintillation
counter. A big disadvantage for this method is the challenge of dealing with radioactive material
disposal but can also be done within a few hours in a laboratory.21
I.D. Hypothesis
It was hypothesized that in vitro stimulation of LHR in canine T-cell lymphoma cells with
human chorionic gonadotropin (hCG) or canine LH (cLH) would induce cell proliferation in a
dose dependent manner.
I.E. References

4

1. Starr T, Jameson S, Hogquist K. Positive and negative selection of T Cells. Annual Review
of Immunology 2003; 21: 139-176.
2. Rebhun RB, Kent MS, Borrofka SAEB, et al. CHOP chemotherapy for the treatment of
canine multicentric T‐cell lymphoma. Veterinary and Comparative Oncology 2011; 9: 3844.
3. ACVIM Fact Sheet: Canine Lymphoma. American College of Veterinary Internal
Medicine. Available at: https://www.acvim.org/Animal-Owners/Animal-Education/HealthFact-Sheets/Oncology/Canine-Lymphoma. Accessed June 28, 2020.

4. Lowe AD. Alimentary lymphosarcoma in a 4-year-old Labrador retriever. Canadian
Veterinary Journal 2004; 45: 610-612.
5. Greenlee PG, Filippa DA, Quimby FW, et al. Lymphomas in dogs a morphologic,
immunologic, and clinical study. Cancer 1990; 66: 480-490.
6. Deravi N, Berke O, Woods JP, et al. Specific immunotypes of canine T cell lymphoma are
associated with different outcomes. Veterinary Immunology and Immunopathology 2017;
191: 5-13.
7. Moore AS. Treatment of T cell lymphoma in dogs. Veterinary Record 2016; 179 :277.
8. Jankowska U, Jagielski D, Czopowicz M, et al. The animal-dependent risk factors in canine
T-cell lymphomas. Veterinary Comparative Oncology 2017; 15: 307-314.
9. Torres de la Riva G, Hart BL, Farver TB, et al. Neutering dogs: Effects on joint disorders
and cancers in Golden Retrievers. PLoS ONE 2013; 8: e55937
10. Zink MC, Farhoody P, Elser SE, et al. Evaluation of the risk and age of onset of cancer and
behavioral disorders in gonadectomized Vizslas. Journal of the American Veterinary
Medical Association 2014; 244: 309-319.

5

11. Zwida K, Kutzler MA. Luteinizing hormone receptor is immunoexpressed within the
canine thyroid. Clinical Theriogenology 2019; 11: 23–29.
12. Galac S, Kars VJ, Klarenbeek S, et al. Expression of receptors for luteinizing hormone,
gastric-inhibitory polypeptide, and vasopressin in normal adrenal glands and cortisolsecreting adrenocortical tumors in dogs. Domestic Animal Endocrinology 2010; 39: 63-75.
13. Kiefel CA, Kutzler MA. Assessment of luteinizing hormone receptor expression in
structural support tissues of canine hip and femorotibial joints. American Journal of
Veterinary Research 2020; 81: 565-571.
14. Hammar O, Veress B, Montgomery A, et al. Expression of luteinizing hormone receptor
in the gastrointestinal tract in patients with and without dysmotility. Drug Target Insights
2012; 6: 13–18.
15. Rahman NA, Rao CV. Recent progress in luteinizing hormone/human chorionic
gonadotrophin hormone research. Molecular Human Reproduction 2009; 15: 703-711.
16. Saori U, Yasuo E, Ryoichi S, et al. Establishment of five canine lymphoma cell lines and
tumor formation in a xenotransplantation model. Journal of Veterinary Medical Science
2013; 75: 467-74.
17. Ettinger AM, Gust SK, Kutzler MA. Luteinizing hormone receptor expression by
nonneoplastic and neoplastic canine lymphocytes. American Journal of Veterinary
Research 2012; 80: 572-577.
18. Grela E, Kozłowska J, Grabowiecka A. Current methodology of MTT assay in bacteria.
Acta Histochemica 2018; 120: 303-311.

6

19. van Tonder A, Joubert AM, Cromarty AD. Limitations of the 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyl-2H-tetrazolium bromide (MTT) assay when compared to three commonly
used cell enumeration assays. BMC Research Notes 2015; 8: 47.
20. Filby A, Begum J, Jalal M, et al. Appraising the suitability of succinimidyl and lipophilic
fluorescent dyes to track proliferation in non-quiescent cells by dye dilution. Methods
2015; 82: 29-37.
21. Adan A, Kiraz Y, Baran Y. Cell proliferation and cytotoxicity assays. Current
Pharmaceutical Biotechnologies 2016; 17: 1213-1221.

7

II. Materials and Methods
II.A. Source of Animal Tissues
Immortalized T-cell lines from three dogs with multicentric T-cell lymphoma donated from
Dr. Takuya Mizuno at Yamaguchi University, Japan for use in the proliferation study.
II.B. Preparation and Plating of Cultured Cells
Flasks for each cell type (CLC, EMA, CLK) were removed from the incubator. Within a
biosafety cabinet, media containing these cells was transferred into a 50 mL conical centrifuge
tube for each cell line. Each tube was then centrifuged at 1,000 X g for 5 minutes at 4°C and then
supernatant was aspirated and discarded. Cells were then counted using a hemocytometer to assess
the original concentrations of cells (Figure II.A.).
The cells were then diluted with RPMI 1640 media to create concentrations of 10,000,
50,000, 100,000, 250,000, and 500,000 cells/well. Each concentration of cell suspension (100 µL)
were then aliquoted into a 96-well plate in triplicate. In three separate wells, 100 µL of culture
media was aliquoted to provide a control for absorbance readings. Increasing concentrations of
hCG (4 U/mL to 40,000 U/mL, Chorulon®, Merck Animal Health, Madison, NJ) were pipetted
into the wells containing 100,000 cells plated in triplicate. In addition, increasing concentrations
of canine LH (0.002 ng/mL to 20 ng/mL, #QP604-EC, EnQuire BioReagents, Denver, CO) were
pipetted into wells containing 50,000 cells plated in triplicate.
II.C. Incubation and MTT Proliferation Assay
Plates were incubated for 24, 48, and 72 hours for hCG trials or 48, 72, 96 and 120 hours
for cLH trials before cells were counted using an MTT cell proliferation assay kit (#10009365,
Cayman Chemical). MTT reagent (10 µL) was added to each well, including the controls. The
plate was then incubated for 4 hours (or longer until purple precipitate is visible). When the purple
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precipitate was clearly visible, 100 µL of detergent reagent was aliquoted into all wells, including
controls (Figure IIB.). The plate was swirled gently by hand for 60 seconds afterwards. The plate
was then incubated in the same conditions overnight. After overnight incubation, the plates were
then read by a plate reader at 540nm to determine the final cell concentrations.
II.D. Statistical Analysis
Average ±SD cell number was compared between hormone concentrations and incubation
times using a one-way ANOVA. Significance was defined as P<0.05.
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Figure II.A. Isolated canine T-cell lymphoma cells viewed on a hemocytometer. These cells are
pleiomorphic due to their neoplastic nature.
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Figure II.B. 96 well plate treated with MTT cell proliferation assay. The MTT is converted into
MTT formazan through metabolic reactions with the cell, which changes the color from yellow to
purple.
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III. Results
III.A. Results of Cells Stimulated by Human Chorionic Gonadotropin
Activation of LHR in isolated canine T-cell lymphoma cells induced significant cell
proliferation in all three cell lines (CLC, CLK, and EMA) with human chorionic gonadotropin
(hCG). The 24-hour incubation period did not provide statistically significant proliferation,
while the 48- and 72-hour incubations did. The greatest amount of proliferation from hCG
occurred at the 40,000 U/mL concentration following 72 hours of incubation in all three cell
lines (Figure III.A.).
III.B. Results of Cells Stimulated by Canine Luteinizing Hormone
Activation of LHR in isolated canine T-lymphoma cells by canine luteinizing hormone
(LH) induced significant proliferation in all three cell lines (CLC, CLK, and EMA). Greatest
proliferation from cLH occurred with 2 ng/ml after 96 hours of incubation in all 3 cell lines.
However, there was a significant decrease in cell counts following administration of cLH at
the highest concentration (20 ng/ml) at all times of incubation (Figure III.B.)
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Figure III.A. Increase in isolated canine T-cell lymphoma cells in response to LHR stimulation
from hCG.
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Figure III.B. Increase in isolated canine T-cell lymphoma cells in response to LHR stimulation
from cLH.
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IV. Discussion
IV.A. Effect of dose
Similar to CTCL cells in the present study, rat lymphoma cells proliferated in a significant
dose-dependent manner in response to hCG.1 This is of interest because rat lymphoma cells
stimulated with human LH did not proliferate.1 In the current study, canine LH cause a dosedependent increase in CTCL cells except at the highest concentration. Stimulation of the LH
receptor in human breast cancer cells with hCG decreases cell proliferation, presumably due by
suppressing the expression of proliferation markers PCNA and Ki‐67.2 It is possible that the highest

doses of cLH used in the current study suppressed similar proliferation markers that caused the
decrease in proliferation.
IV.B. Effect of incubation times
Another interesting finding with the data is that with longer incubation times, there was a
more significant increase in cell proliferation from the control. It is to be expected that with a
longer incubation period, cells will have more time to proliferate. However, compared to the
control cells incubated within the same time period, there was statistically significant increase in
proliferation. One study found that the greatest effect seen on cell proliferation was in shorter
incubation times, and that the effect of hCG on proliferation decreased in longer incubation times.3
This may account for why a decrease in proliferation was seen at the longest incubation times
when stimulated with cLH.
IV.C. Effect of cell line
Of the three CTCL cell lines, the CLC cell line proliferated the most in response to
stimulation with hCG. Responsiveness to hormonal stimulation is dependent on several factors
including the level of receptor expression. Previous research in our laboratory showed that a higher
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percentage of CLC cells expressed LHR than CLK or EMA cells.4 Therefore, it was expected
that there would be a greater response rate (e.g. higher cell proliferation rate) in the CLC cell line.
It is not clear why stimulation of the LHR with cLH did not induce similar effects, but this
difference could be because of differences in the binding affinity or half-life of cLH. The half-life
for LH is 60-120 minutes, while the half-life for hCG is several hours long.5
IV.D. References
1. Melmed S, Braunstein GD. Human chorionic gonadotropin stimulates proliferation of Nb 2 rat
lymphoma cells. Journal for Clinical Endocrinology and Metabolism 1983; 56: 1068-1070.
2. Liao XH, Wang Y, Wang N, et al. Human chorionic gonadotropin decreases human breast
cancer cell proliferation and promotes differentiation. International Union of Biochemistry and
Molecular Biology Life 2014; 66: 352-360.
3. Horiuchi A, Nikaido T, Yoshizawa T, et al. HCG promotes proliferation of uterine leiomyomal
cells more strongly than that of myometrial smooth muscle cells in vitro. Molecular Human
Reproduction 2000; 6: 523-528.
4. Ettinger AM, Gust SK, Kutzler MA. Luteinizing hormone receptor expression by

nonneoplastic and neoplastic canine lymphocytes. American Journal of Veterinary Research
2019; 80: 572-577.
5. Casarini L, Lispi M, Longobardi S, et al. LH and hCG action on the same receptor results in
quantitatively and qualitatively different intracellular signaling. PloS One 2012; 7: e46682.
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V. Conclusion and Future Research
V.A. Implications for Treatment
Stimulation of the LHR in CTCL cells induces cell proliferation. This is the first research
in dogs to show that LHR in non-reproductive tissues are functional. This research may provide
an explanation for why gonadectomized dogs are significantly more likely to develop lymphoma
than non-gonadectomized dogs.1 Increased secretion of LH following gonadectomy appears to
increase the amount of LH receptors, both of which may increase the lymphocyte cell proliferation,
possibly resulting in neoplasia. A similar theory has been proposed for the role of estrogen in the
proliferation of breast cancers in animals and humans.2 Reducing LH concentrations is one theory
as to how we can prolong survival times in dogs with T-cell lymphoma. Future research is needed
to further investigate the role of LH in the pathogenesis of canine lymphoma.
V.B. References
1. Torres de la Riva G, Hart BL, Farver TB, et al. Neutering dogs: effects on joint disorders and
cancers in golden retrievers. PLoS One 2013; 8(2): e55937.
2. Mufudza C, Sorofa W, Chiyaka ET. Assessing the effects of estrogen on the dynamics of breast
cancer. Computational and Mathematical Methods 2012; 2012: 473572.
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Appendix A. MTT Proliferation Assay Protocol
Day 1 (estimate: 1 hour per cell line; 3 hours total)
1. Remove flasks for each cell type (CLC, EMA, CLK) from incubator and within a biosafety
cabinet, transfer media containing cells into a 50 mL conical centrifuge tube for each cell
line.
2. Centrifuge the 50 mL centrifuge tubes at 1,000 X g for 5 minutes at 4°C and then
aspirate/discard supernatant.
3. Count cells and then resuspend in phenol free/protein free culture media for a final dilution
of 1x106.
4. Using Eppendorf tubes, make a serial dilution in culture media from 1x10 6 to 1X104 cells
per mL by taking 100 µL of the 1x106 cell suspension and adding it to 900 µL of culture
media to make a 1x105 cell suspension and so on.
5. Aliquot 100 µL of each concentration of cell suspension into a 96-well plate in triplicate
(so that there is 1,000-100,000 cells per well).
6. In three separate wells aliquot 100 µL of culture media to provide a control for absorbance
readings.
7. Incubate the cells under appropriate conditions (at 37°C in a humidified 5% CO2 incubator)
for 72-96 hours.
Day 2 (72-96 hours after Day 1) (estimate: 5 hours (includes a 4-hour incubation)
1. Add 10 µL of MTT Reagent to each well, including the controls.
2. Incubate for 4 hours (or longer until purple precipitate is visible).
3. When the purple precipitate is clearly visible under the microscope, add 100 µL of
Detergent Reagent to all wells, including controls. Swirl gently, do not shake.
4. Leave plate with cover in the dark overnight at RT.
Day 3 (estimate: 2 hours)
1. Remove plate cover and measure absorbance in each well at 570 nm in a microtiter plate
reader. (Absorbance can be read with any filter in the wavelength range of 550-600 nm.
Reference wavelength should be higher than 650 nm. Subtract background absorbance
measured at 690 nm. Controls should give values close to zero.)
2. If readings are low, return the plate to dark for longer incubation, then measure
absorbance as in previous step.
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Appendix B. Abstract Presented at the 2018 Oregon State University Celebrating
Undergraduate Excellence Fair
Luteinizing Hormone Receptor-mediated Cell Proliferation in Isolated Canine Lymphoma Cells
Luteinizing hormone (LH) is secreted in low-amplitude pulses in sexually intact dogs to stimulate
synthesis of estrogen and testosterone in females and males, respectively. LH is mainly considered
a reproductive hormone, but LH receptors have been identified in non-reproductive tissues,
including in canine lymphoma. Previous research in our laboratory demonstrated the presence of
luteinizing hormone receptor in isolated canine lymphoma cells. The objective of this study was
to determine if this receptor was functional. In this project, the proliferation of isolated canine
lymphoma cells when the LH receptor was stimulated was studied. It was hypothesized that LH
will stimulate canine lymphoma cell proliferation. Immortalized T-cell lines from three dogs with
multicentric lymphoma donated from Dr. Takuya Mizuno at Yamaguchi University, Japan were
plated in 96 well plates in RPMI 1640 (phenol and protein free) media at 37℃ with 5% CO2. For
each cell line, standard curves from 10,000 to 500,000 cells/well were plated and varying
concentrations of human chorionic gonadotropin (hCG: Chorulon®, Merck Animal Health) were
tested in triplicate. Plates were incubated for 24-72 hours before adding MTT. Commercially
available MTT cell proliferation assay kit (#10009365, Cayman Chemical) was used and
manufacturer's instructions were followed. Average ±SE cell number was compared between
hormone concentrations using an ANOVA. Significance was defined as P<0.05. The results show
that LH receptor activation caused proliferation in isolated canine lymphoma cells. The highest
amount of proliferation occurred at the highest agonist concentration for the longest incubation
period. Further studies will confirm findings using flow cytometry.

19

Appendix C. Oregon State University Celebrating Undergraduate Excellence 2018 Poster

20

Appendix D. Abstract Presented at the 2019 Oregon State University Celebrating
Undergraduate Excellence Fair
Luteinizing hormone receptor-mediated cell proliferation in isolated canine lymphoma cells
Luteinizing hormone (LH) is secreted in low-amplitude pulses in sexually intact dogs to
stimulate synthesis of estrogen and testosterone in females and males, respectively. LH is mainly
considered a reproductive hormone, but LH receptors (LHR) have been identified in nonreproductive tissues, including in canine lymphoma and isolated canine T-lymphoma cells. The
objective of this study was to determine if the LHR in canine T-lymphoma cells was functional. It
was hypothesized that stimulation of the LHR by human chorionic gonadotropin (hCG) or canine
LH (cLH) would induce proliferation of canine T-lymphoma cells in vitro.
Immortalized T-cell lines from three dogs with multicentric T-cell lymphoma donated from
Dr. Takuya Mizuno at Yamaguchi University, Japan were plated in 96-well plates in RPMI 1640
(phenol and protein free) media (#02-0105, VWR Life Science, Sanborn, NY) at 37℃ with 5%
CO2. For each cell line, standard curves from 10,000 to 500,000 cells/well were plated in triplicate.
Increasing concentrations of hCG (4 U/mL to 40,000 U/mL, Chorulon®, Merck Animal Health,
Madison, NJ) or canine LH (0.002 ng/mL to 20 ng/mL, #QP604-EC, EnQuire BioReagents,
Denver, CO) were added to wells containing 100,000 cells plated in triplicate. Plates were
incubated for 24, 48, and 72 hours for hCG or 48, 72, 96 and 120 hours for cLH before cells were
counted using an MTT cell proliferation assay kit (#10009365, Cayman Chemical) following the
manufacturer's instructions. Average ±SD cell number was compared between hormone
concentrations using a one-way ANOVA. Significance was defined as P<0.05.
Activation of LHR in isolated canine T-lymphoma cells induced significant cell
proliferation in all three cell lines with both hCG and cLH but varied between concentrations and
incubation times. The highest amount of proliferation from hCG occurred at the 40,000 U/mL
concentration following 72 hours of incubation in all three cell lines. The highest amount of
proliferation from cLH occurred at the 2 ng/mL concentration following 96 hours of incubation in
all three cell lines. However, there was a significant decrease in cell counts following
administration of cLH at the highest concentration (20 ng/mL) at all incubation times.
This is the first study to provide evidence that LHR in non-reproductive tissues are
functional. The current research provides an explanation for why gonadectomized dogs are 3-4
times more likely to develop lymphoma.
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Appendix F. Abstract Presented at the 2019 Society for Theriogenology conference
Luteinizing hormone receptor-mediated proliferation of isolated canine T-lymphoma cells
Camryn Flint, Sabrina Gust, Michelle Kutzler
Department of Animal and Rangeland Sciences, Oregon State University, Corvallis, OR

Introduction
Luteinizing hormone (LH) is secreted in low-amplitude pulses in sexually intact dogs to
stimulate synthesis of estrogen and testosterone in females and males, respectively. LH is mainly
considered a reproductive hormone, but LH receptors (LHR) have been identified in nonreproductive tissues, including in canine lymphoma and isolated canine T-lymphoma cells.1 The
objective of this study was to determine if the LHR in canine T-lymphoma cells was functional. It
was hypothesized that stimulation of the LHR by human chorionic gonadotropin (hCG) or canine
LH (cLH) would induce proliferation of canine T-lymphoma cells in vitro.
Methods
Immortalized T-cell lines from three dogs with multicentric T-cell lymphoma donated from
Dr. Takuya Mizuno at Yamaguchi University, Japan were plated in 96-well plates in RPMI 1640
(phenol and protein free) media (#02-0105, VWR Life Science, Sanborn, NY) at 37℃ with 5%
CO2. For each cell line, standard curves from 10,000 to 500,000 cells/well were plated in triplicate.
Increasing concentrations of hCG (4 U/mL to 40,000 U/mL, Chorulon®, Merck Animal Health,
Madison, NJ) or canine LH (0.002 ng/mL to 20 ng/mL, #QP604-EC, EnQuire BioReagents,
Denver, CO) were added to wells containing 100,000 cells plated in triplicate. Plates were
incubated for 24, 48, and 72 hours for hCG or 48, 72, 96 and 120 hours for cLH before cells were
counted using an MTT cell proliferation assay kit (#10009365, Cayman Chemical) following the
manufacturer's instructions. Average ±SD cell number was compared between hormone
concentrations using a one-way ANOVA. Significance was defined as P<0.05.
Results
Activation of LHR in isolated canine T-lymphoma cells induced significant cell
proliferation in all three cell lines with both hCG and cLH but varied between concentrations and
incubation times. The highest amount of proliferation from hCG occurred at the 40,000 U/mL
concentration following 72 hours of incubation in all three cell lines. The highest amount of
proliferation from cLH occurred at the 2 ng/mL concentration following 96 hours of incubation in
all three cell lines. However, there was a significant decrease in cell counts following
administration of cLH at the highest concentration (20 ng/mL) at all incubation times.
Discussion
This is the first study to provide evidence that LHR in non-reproductive tissues are functional.
The current research provides an explanation for why gonadectomized dogs are 3-4 times more
likely to develop lymphoma.2,3 Clinical trials are planned to include LH down-regulation with
conventional chemotherapy in efforts to prolong survival times in dogs.
Keywords: cancer, dog, human chorionic gonadotropin, lymphocyte, MTT assay
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Appendix I. Beginning Researchers Program Final Report
1. Attach Visibility Form
2. Title: Luteinizing Hormone Receptor-Mediated Cell Proliferation in Isolated Canine
Lymphoma Cells
3. Justification: Luteinizing hormone (LH) is a reproductive hormone that stimulates the
production of estrogen and testosterone in female and male canines, respectively. LH is
1

also secreted up to 40 times higher in spayed or neutered dogs due to lack of hormonal
feedback response. However, LH receptors have been found in non-reproductive
2

tissues. Previous research in the lab has identified LH receptors in isolated canine
lymphoma cells. But, it is not known how these receptors affect non-reproductive
tissues, especially when LH is significantly higher in spayed and neutered dogs.
4. Objective: The objective of this research was to determine if the luteinizing hormone
receptor found in canine lymphoma cells is functional and contributes to the
proliferation of the lymphoma. It was hypothesized that when the receptors were
stimulated, it would contribute significantly to the proliferation of the lymphoma in a
dose-dependent manner.
5. Methods: Immortalized T-cell lines isolated from three dogs with multicentric
lymphoma were cultured at 37°C with 5% CO2 in RPMI 1640 (phenol and protein free)
media. Cell counts using a hemocytometer were performed for every cell line in order
to create concentrations for plating. For each cell line, 10,000-500,000 cells/well were
plated to develop a standard curve. To determine the response to LHR activation,
100,000 cells/well were plated with increasing concentrations (4- 40,000 U/mL) of
human chorionic gonadotropin (HCG). Cells were tested in triplicate and incubated at
13

either 24, 48, or 72 hours. A standard MTT assay was used to measure cell proliferation
on a plate reader at 540 nm. Different periods of incubation and hormone
concentrations were compared using an ANOVA. Significance was defined as P<0.05.
6. Key findings to date: The data showed that cell counts increased significantly at the
highest HCG concentration for all three cell lines at all three incubations. However, the
greatest proliferation occurred in all three cell lines with a 72-hour incubation at the
highest HCG concentration, with all cell lines doubling their initial concentration.
7. Impact: The results of this study provided a scientific impact in that LHR in canine
lymphoma cells are functional and activation of these receptors results in cell
proliferation. In vivo, these results may explain why spayed and neutered dogs develop
lymphoma at higher rates than intact dogs. Further research could determine ways to
reduce the high amount of LH in spayed and neutered dogs as a possible method of
reducing the rates of lymphoma in these dogs.
This research also had an experiential educational impact. The student researcher
(Camryn Flint) got practical experience working in a laboratory setting, learning
techniques such as culturing cells and creating dilutions. The student researcher also
learned a lot about the functionality of canine lymphoma cells, hormonal feedback in
terms of reproductive hormones, and the effects of spaying and neutering. The student
researcher learned how to read and comprehend other research papers in order to
write an effective protocol for the experiment at hand. Lastly, the student researcher
learned how to effectively communicate research to others both orally and through
writing.
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8.

Next Steps:
a. 2018-2019 Academic Year: Additional research is planned to confirm the results of
this experiment, as well as test other effects of LHR activation (e.g. cell migration and
invasion) in cultured canine lymphoma cells through the Continuing Researcher’s
Program. Also, RNA will be isolated from each cell line in triplicate to evaluate changes
in gene expression following LHR activation.

9.

Funding: Oregon State University Research Office Small Grants Incentive Program
funded the majority of this research.

10. Communication Plan: This research was presented at the 2018 Celebrating
Undergraduate Excellence fair this spring, where the information and results were
presented on a poster, and the student researcher was in attendance to communicate
the project to faculty and students. This research will also be presented again in the
Fall of 2018 in a similar manner at the College of Agricultural Sciences Experiential
Expo.
11.

References:
1. de Grier J. Buitjtels JJ, Albers-Wolthers CH, et al. 2012. Effects of gonadotropinreleasing hormone administration on the pituitary-gonadal axis in male and female
dogs before and after gonadectomy. Theriogenology 77(5):967-78
2. Gunzel-Apel AR, Seefeldt A, Eschrict FM, et al. 2009. Effects of gonadectomy on
prolactin and LH secretion and the pituitary-thyroid axis in male dogs.
Theriogenology 71(5):746-53
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