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A Valued Partner

Over the last two decades, we've seen incredible advances in veterinary medicine and the care we are able to
provide for our companion animals. Your support, totaling $335,667 directed toward 25 studies over the last 14
years, has contributed to these changes. You've helped create healthier lives for German shepherds and dogs
everywhere by funding cutting-edge research to address critical canine health challenges.

Now more than ever, support for canine health research is essential. It's highly dependent on funding
from individuals and organizations that recognize the importance of advancing canine health through
the funding of unbiased and impactful science - organizations like yours with a vision of a better world
for dogs everywhere.

The Foundation recently launched its Hemangiosarcoma Initiative, a multiyear program to dedicate funding,
people and resources to advance the prevention, detection and treatment of, and potentially cures for, this
devastating cancer. The first request for proposals for this ambitious project opened in January 2023. Many
of the grants previously funded by the American German Shepherd Dog Charitable Foundation provide the
basis for future research studies. In addition, many of the research teams funded by your foundation will be
applying for funding - your support has been instrumental in the success of these teams.

Impact Highlights

+ 25 study sponsorships

+ 42 journal articles published
+ 13 institutions supported

+ 21 researchers funded

« ANIMAL WELFARE - care and well-being of working dogs

» CANCER - basic cancer biology, diagnosis, treatment and tumor sample repository
+ GASTROINTESTINAL DISEASE - inflammatory bowel disease and perianal fistulas

» INFECTIOUS DISEASE - leptospirosis demographics and outcomes

* MUSCULOSKELETAL - osteoarthritis and developmental disease

+ NEUROLOGY - degenerative myelopathy
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Compiled Studies Report

D21CA-505

Dr. Brian Catchpole | The Royal Veterinary College | 2021-2023

Perianal fistulas consist of inflammation, ulceration and development of tunnel-like lesions that can
extend into the rectum and colon. The disease is a significant welfare problem for affected dogs and often
is challenging to treat. Some breeds, including German shepherd and Leonberger dogs, are at high risk for
developing perianal fistulas, suggesting that genetic factors are involved. Researchers will analyze whole
genome data from affected and non-affected German shepherd and Leonberger dogs with the aim of
identifying genetic factors contributing to susceptibility to the disease. Information may help inform the
development of genetic screening tests and new approaches to improve early treatment and care of dogs
with perianal fistulas.

IMPACT
In progress

D18CA-017
Dr. Erin Dickerson | University of Minnesota | 2017-2021

Hemangiosarcoma is an aggressive disease that is rapidly fatal in dogs. Studies suggest that
hemangiosarcomas rely on cholesterol and lipids to fuel tumor growth. Researchers will further investigate
how cholesterol and lipids promote cancer growth and delve deeper into understanding the cell signaling
pathways activated by these metabolites. The team also will use existing drugs to interrupt these processes
to kill tumor cells. Findings will be used to optimize drug and chemotherapy combinations to provide

better treatment options for patients. The development of new and less toxic approaches to treat canine
hemangiosarcoma is an important step in improving survival rates for dogs diagnosed with this deadly cancer.

IMPACT

Morris Animal Foundation-funded researchers at the University of Minnesota investigated how
hemangiosarcoma cells use cholesterol and lipids to fuel cancer growth. Since healthy, non-cancerous
cells are less dependent on cholesterol and fat for growth, the team looked at novel ways to block tumor
cells from using these metabolic fuels while sparing normal cells. They were especially focused on the
use of beta blockers, a family of drugs commonly used to treat heart disease, as an adjunct therapy for
hemangiosarcoma in dogs.

Hemangiosarcoma is an aggressive disease that most commonly affects large-breed dogs. It accounts for tens
of thousands of canine tumors with a mean age at diagnosis of 9 to 12 years. The cancer is nearly 100% fatal
and new treatments are desperately needed.

Using cell lines to test their hypothesis, the team evaluated two beta blockers, propranolol and carvedilol. In
addition to their use in the treatment of heart disease, beta blockers are used in human medicine to reduce
disease progression and increase survival time in people with angiosarcoma, a cancer with some similarities
to canine hemangiosarcoma. Propranolol and carvedilol already are used in veterinary medicine to treat
heart disease and high blood pressure in dogs, making a transition to use in the oncology clinic much easier.
The team found that carvedilol showed superior synergy with chemotherapies, suggesting that it may work
better for the treatment of hemangiosarcoma.
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In their work looking at cell metabolism, the researchers found that both propranolol and carvedilol blocked
metabolic pathways that appear to be important for hemangiosarcoma cells to proliferate and grow the
tumor, and these pathways were more susceptible to carvedilol.

The results are significant because they demonstrate that using carvedilol in combination with chemotherapy
to kill hemangiosarcoma cells is superior to propranolol and chemotherapy. Furthermore, identification of
pathways used by hemangiosarcoma cells to grow the tumor may provide new targets for the development of
combinatorial drug treatment approaches.

This grant also has helped establish a bench-to-clinic pipeline for studies in the lab, and advanced the team’s
expertise in the areas of basic and translational hemangiosarcoma research.

VETERINARY AND COMPARATIVE ONCOLOGY
Emerging therapeutic approaches for canine sarcomas: Pushing the boundaries beyond the conventional

FRONTIERS IN ONCOLOGY
Propranolol sensitizes vascular sarcoma cells to doxorubicin by altering lysosomal drug sequestration and

drug efflux

D18CA-310

Dr. Philippa J. Johnson | Cornell University | 9/1/2017-8/31/19

Researchers will evaluate an advanced imaging technique to improve the diagnosis and monitoring of
spinal cord lesions associated with canine degenerative myelopathy, a spinal cord disease in dogs. Canine
degenerative myelopathy (CDM) is a neurodegenerative disorder that affects the spinal cord of dogs. The
condition is progressive, has no treatment, and often results in euthanasia within six to nine months of
diagnosis. Conventional MRI can’t detect the lesions caused by CDM which makes the disease challenging to
diagnose and monitor. An advanced MRI technique called diffusion tensor imaging has been successful at
detecting microscopic lesions in diseased spinal cords in humans, and researchers will see if this technique
also is capable of detecting spinal cord lesions caused by degenerative myelopathy in dogs. In addition to
providing a much-needed diagnostic tool, this technique will provide a way to monitor lesions for future
studies assessing new drug therapies for dogs with this devastating disease.

IMPACT

The team found that diffusion tensor imaging detected abnormalities that were present in dogs with severe
DM but not in normal dogs. The technique was less helpful in dogs with mild DM, but the team hopes to refine
their process. The funding also helped launch the career of a promising new veterinary scientist.

JOURNAL OF VETERINARY INTERNAL MEDICINE
In vivo detection of microstructural spinal cord lesions in dogs with degenerative myelopathy using diffusion

tensor imaging




<

AMERICAN GERMAN SHEPHERD
DOG CHARITABLE FOUNDATION MORRIS
SUPPORT AT MORRIS ANIMAL FOUNDATION ANIMAL
FOUNDATION
D17CA-059

Dr. Erin Dickerson | University of Minnesota | 2016-2019

Hemangiosarcoma is an aggressive and almost uniformly fatal cancer of dogs. Researchers uncovered
evidence that a common cellular signaling pathway is associated with aggressive hemangiosarcoma tumor
growth and chemotherapy resistance. Signaling pathways are coordinated chemical activities in a cell that
collectively control one or more cell functions. Abnormal activation of signals often trigger or facilitate the
development of diseases, including cancer. Researchers will investigate how signaling pathways contribute
to hemangiosarcoma growth, and if existing drugs can interrupt the process to reduce tumor growth and
chemotherapy resistance.

Finding a new approach to treat canine hemangiosarcoma is a vital step in improving survival rates in dogs
with this aggressive cancer.

IMPACT

The team found propranolol blocks key metabolic or nutrient pathways, preventing tumor cells from dividing
and slowing tumor growth. The group then went to a cell culture system, where they combined propranolol
with doxorubicin, a drug commonly used to treat hemangiosarcoma. They found that propranolol works with
doxorubicin to kill tumor cells, and propranolol can partially restore the sensitivity of doxorubicin-resistant
hemangiosarcoma cells to the chemotherapy; chemotherapy resistance is a major stumbling block to
successful treatment for this cancer.

Further studies in mouse models show propranolol alone inhibits tumor growth, suggesting it may work

as a single agent therapy. Propranolol also worked better than doxorubicin alone in reducing tumor growth
in mice. Further study is underway to better understand if these drugs can work together to improve
treatment success in dogs. A multicenter clinical trial was initiated based on these laboratory results and
is still in progress.

FRONTIERS IN ONCOLOGY
Propranolol sensitizes vascular sarcoma cells to doxorubicin by altering lysosomal drug sequestration and

drug efflux

D16CA-023

Dr. Matthew Breen | North Carolina State University | 2016-2018

In human patients diagnosed with diffuse large B-cell lymphoma, evaluation of the MYC gene for genetic
alterations is considered a critical component of patient management. MYC gene alterations in people are
associated with shorter remission times. Identifying high-risk patients allows these individuals to receive
more aggressive therapies earlier in their disease process. In this study, researchers will screen archived
samples collected from dogs with diffuse large B-cell lymphoma and determine if MYC gene aberrations
correlate with poor prognosis. Findings will help oncologists select the most appropriate and effective
treatment to extend the duration and improve quality of life for their canine cancer patients.
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IMPACT

The team looked for abnormalities in the MYC gene in more than 100 samples obtained from dogs with DLBCL.
Although 16% of lymphoma samples had an abnormality detected in MYC, abnormalities were not associated
with duration of first remission, as seen in human patients.

The team has assembled an impressive collection of more than 600 canine lymphoma tissue samples that will
provide a powerful sample set for future researchers. The study also was the basis of a postdoctoral project
for a promising new research scientist.

D15CA-015

Dr. Paul R. Hess | North Carolina State University | 2014-2018

In humans, a powerful immunologic tool called a tetramer is commonly used to visualize changes in the
body’s killer T cells. These cells respond to immunologic challenges and are critical components of the body’s
immune system. Current knowledge of T-cell behavior in dogs could be significantly advanced with

the development of a dog-specific tetramer. Researchers will work to construct the first canine tetramer,
which would then be used in the development of vaccines for infectious diseases and cancer in dogs.

In this study, the North Carolina State University team attempted to construct the first canine tetramer

that could identify the T cells that recognize canine distemper virus (CDV), since most dogs have immune
responses against this virus due to routine vaccinations. Ultimately, the intent was to use this model tetramer
as an immune benchmark in the study of killer T-cell responses to tumors.

IMPACT

This discovery process did uncover, for the first time, the small peptide signatures of CDV that can be
specifically recognized by canine killer T cells. Importantly, peptides that are aberrantly made by cancer cells
and presented for T-cell recognition also were found. Because these peptides can permit killer T cells to
target cancer cells and leave normal cells unharmed, they have potential to serve as components of a new
anti-cancer vaccine. The final assembly of the tetramer is pending further study and confirmation of T-cell
recognition of these viral and cancer peptides.

VETERINARY IMMUNOLOGY AND IMMUNOPATHOLOGY
The canine MHC class la allele DLA-88*508:01 presents diverse self- and canine distemper virus-origin
peptides of varying length that have a conserved binding motif

VETERINARY AND COMPARATIVE ONCOLOGY
Cancer-testis antigens in canine histiocytic sarcoma and other malignancies
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D15CA-311

Dr. Kristina Kiefer | University of Minnesota | 2014-2017

Osteoarthritis is a progressive, degenerative joint disease that afflicts many pets. Although the disease
cannot be cured, it can be managed with long-term medication to help reduce joint swelling and associated
pain. Some evidence suggests that stem cell therapy may improve the quality of life for pets with
osteoarthritis; however, harvesting stem cells requires the patient to undergo general anesthesia. Not all
pets are good candidates for anesthesia, surgery or long-term standard medications. In this clinical trial,
researchers will investigate the safety and efficacy of using stem cells donated by healthy dogs to treat dogs
with osteoarthritis. If successful, this alternative therapy may improve the quality of life for many pets with
limited treatment options.

IMPACT

The research team purified stem cells from healthy dogs undergoing elective procedures, and then
administered them to dogs with osteoarthritis. They also had one placebo-treated group of control dogs for
data comparison. Treatment efficacy was measured via gait analysis or via activity monitors depending on
how the stem cells were administered (either intravenously or directly into the joint), as well as by having
owners complete pain perception surveys.

They found that no adverse events were reported in the stem cell-treated group, and there was high client
satisfaction with the procedure. The alternative therapy using stem cells from donor dogs shows promise for
dogs with arthritis with limited treatment options, including high-risk dogs for anesthesia.

The researchers also noted that, although some dogs receiving stem cell treatment showed remarkable
improvement, there was no statistical difference in improvement between the stem cell-treated and placebo-
treated dogs. To explore this finding further, the team plans on using the large data set generated from this
clinical trial to learn more about why some dogs benefit from therapy and show major improvement while
other dogs are non-responsive to the same therapies, important questions to help push the field of stem cell
therapies forward.

VETERINARY AND COMPARATIVE ORTHOPAEDICS
Double-blinded, placebo-controlled study evaluating the safety and efficacy of intravenous allogeneic
adipose stromal cell therapy for canine osteoarthritis

D14CA-002

Dr. Sara Allstadt Frazier | University of Tennessee | 2013-2014

Lymphoma is one of the most commonly occurring malignant tumors in dogs. Though treatable, the disease
often recurs and spreads. This study will determine the safety, efficacy and prognostic factors of a cancer-
killing virus developed by researchers at the Mayo Clinic. Researchers at the University of Tennessee already
have determined a safe dosing protocol for this virus in healthy dogs, and this clinical trial will test the
dosing in dogs with B-cell lymphoma. Using state-of-the-art cancer imaging, the study team will determine
how successfully the virus spreads to sites of cancer. They also will study the dogs’ immune responses to the
virus. This study provides the first robust assessment of a new anticancer strategy that has the potential to
significantly improve quality of life and outcomes for dogs suffering from lymphoma.
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Preliminary data were collected on four client-owned dogs with B-cell lymphoma that received the same
fixed dose of the virus. Although none of these dogs demonstrated measurable clinical cancer regression in
response to the virotherapy, the results indicated that the cancer-killing virus was safe and well tolerated in
treated patients. Based on preliminary pharmacokinetic data, the research team believes higher doses of the
virus are warranted to further evaluate the efficacy of this novel therapy in dogs with lymphoma.

Although early results are promising, this study is ending early as the primary investigator is leaving the
University of Tennessee. Case accrual at University of Tennessee has also been an issue because of the low
caseload and competition from other ongoing lymphoma research projects. The Mayo Clinic plans to identify
another institution to take over the study and reapply for funding at a later date.

MOLECULAR CANCER THERAPEUTICS

Comparative oncology evaluation of intravenous recombinant oncolytic vesicular stomatitis virus therapy in
spontaneous canine cancer

D14CA-047

Dr. Erin Dickerson | University of Minnesota | 2013-2017

Canine hemangiosarcoma is a common and highly metastatic cancer that affects all breeds of dogs. These
tumors are particularly drug-resistant, which makes them difficult to treat. The investigators recently
identified a more drug-resistant cell population in hemangiosarcoma. These cells appear to be extremely
efficient in isolating cancer drugs and preventing them from reaching their targets. The investigators will use
several strategies to try to disrupt this process and they will determine whether any of these approaches
improves drug responses and diminishes drug resistance. This could lead to more effective treatment of this
difficult cancer.

IMPACT

The research team successfully identified a drug-resistant cell population within hemangiosarcoma tumors
that may be an important player in chemotherapy resistance. The cells identified are extremely efficient at
isolating cancer drugs in compartments called lysosomes. By trapping the drug within lysosomes, cancer cells
were able to prevent the chemotherapy from reaching its target, effectively neutralizing the drug. This new
information helps explain why some hemangiosarcoma tumors become chemotherapy-resistant.

The team also found that hemangiosarcoma cells with a high surface expression of a protein called colony-
stimulating factor 1 receptor (CSF-1R) were the culprits in this process. The lysosomes in the cells with higher
expression of CSF-1R were trapping the chemotherapy drug, preventing it from reaching its target, the nucleus
of the cancer cells, in sufficient quantities to be effective. The team started searching for a drug that could
prevent the accumulation of chemotherapy in the lysosomes and found that the common beta blocker
propranolol was effective in competing with the doxorubicin for lysosomal space. The researchers speculate
that if the doxorubicin can’t be taken into the lysosome (essentially because propranolol got there first), it
will be free to reach its target.

The next research step is to further investigate propranolol and other beta blockers to see if they will work
in combination with chemotherapy drugs, and then move to testing this new treatment approach in dogs
with hemangiosarcoma.
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This study identified a key mechanism in chemotherapy resistance in hemangiosarcoma tumors. Understanding how
cancer cells hijack and block drugs from reaching their targets will help researchers develop more effective treatments
for this difficult-to-treat cancer in dogs.

VETERINARY SCIENCES
Beta adrenergic signaling: a targetable regulator of angiosarcoma and hemangiosarcoma

D14CA-063

Dr. Gerlinde Van de Walle | Cornell University | 2013-2016

All dog breeds are susceptible to mammary cancer. Researchers will evaluate the role of citrullination, a cellular
process mediated by peptidylarginine deiminases (PAD) enzymes, in canine mammary cancer. PAD activity usually is
low in healthy tissues, but often increases during disease progression, including during breast cancer development.
The investigators will study the process of PAD-mediated citrullination in more detail in canine mammary cancer stem
cells. They also will evaluate how PAD inhibitors affect the growth and migration of mammary cancer cells in dogs.
Increased understanding of the origins of mammary cancer may lead to significant advances in biomarker discovery
and more targeted and less toxic therapeutics for canine mammary cancer.

IMPACT

The Cornell team studied the role of peptidylarginine deiminase (PAD) enzymes in canine mammary cancer and the
anti-cancer effects of PAD inhibitor drugs. Increasing evidence suggests that PAD enzymes can change the structure
and function of other proteins through a process called citrullination, which might play a role in mammary cancer
development. While the researchers found no differences in PAD expression between healthy and neoplastic canine
mammary cells, they did demonstrate that canine mammary tumor cells treated with the PAD inhibitor drug, BB-Cl-
Amidine, had reduced viability. BB-CIA activated a pathway in the mammary cancer cells, blocking cancerous cell
growth and killing tumor cells under laboratory conditions.

Given these results, the team concluded that BB-CIA has potential as a novel therapeutic for mammary cancer in dogs
and warrants further study. The next step is to evaluate BB-CIA’s safety and bioavailability in dogs - vital data needed
before considering a clinical trial evaluating the drug in canine mammary cancer patients.

BMC CANCER
BB-Cl-Amidine as a novel therapeutic for canine and feline mammary cancer via activation of the endoplasmic
reticulum stress pathway

D14CA-401

Dr. Hiroyuki Mochizuki | North Carolina State University | 2013-2016

Mast cell tumors account for up to 20% of all skin cancers in dogs. The research fellow hopes to identify the underlying
molecular mechanisms of mast cell tumors and to narrow down the genomic regions that are important in the
initiation and progression of this cancer. Better understanding of the underlying molecular mechanisms of mast cell
tumors will provide diagnostic, prognostic or therapeutic benefits for dogs with the disease. This Fellowship Training
Grant also will provide the researcher with the experience necessary to succeed in a career in veterinary molecular
oncology. The fellow’s ultimate goal is to improve management of animal cancers by conducting an independent
clinical research program using molecular oncology approaches.
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The team examined the frequency of genetic mutations in a variety of MCTs. They hypothesized that the number of
mutations (specifically known as copy number aberrations, or CNAs) in key portions of genes play an important role
in the development of canine MCTs. They also hypothesized that larger numbers of mutations would correspond with
more aggressive MCTs.

Data generated revealed that low-grade (slow growing) and high-grade (rapid growing) MCTs do show different CNA
patterns that may account for the highly variable biological behavior of canine MCTs. The researchers also found
evidence suggesting that KIT, a proto-oncogene linked to many other cancers, may not be the only key player in
aggressive MCTs. Proto-oncogenes are a group of genes that, when damaged genetically or mutated, cause normal
cells to become cancerous.

This study represents the first genome-wide assessment of DNA copy number changes in canine MCTs. Data has
helped identify genetic signature differences between aggressive and nonaggressive MCTs that may aid in more rapid
diagnosis, treatment and prognosis of these common but poorly understood tumors. As a next step, the team is
pursuing a follow-up study to determine if CNA profile data are useful in a clinical setting to gauge outcomes for
dogs with MCTs.

This fellowship grant also supported the training of Dr. Hiroyuki Mochizuki in the field of veterinary molecular
oncology. He is a recent recipient of a fellowship grant awarded by the Japan Society for the Promotion of Science.
He also was a recipient of the Professional Development Award for Postdocs awarded by the Graduate School and
the Office of Postdoctoral Affairs of North Carolina State for his research achievements.

CHROMOSOME RESEARCH
Genomic profiling of canine mast cell tumors identifies DNA copy number aberrations associated with KIT mutations
and high histological grade

D14CA-405

Dr. Esther Chon | University of Wisconsin-Madison | 2013-2015

Malignant melanoma is a devastating cancer in dogs that currently has no long-lasting therapy. The fellow will
evaluate whether targeting a specific signaling pathway (canonical or noncanonical Wnt pathway) can improve
treatment of malignant melanoma in dogs. Identifying a targetable signaling pathway will lead to a better, longer-term
treatment option for this devastating disease in dogs. This Fellowship Training Grant will help the researcher gain
expertise in a number of research techniques that will help her in future academic endeavors as a veterinary scientist
in medical oncology. Her career goal is to become a veterinarian-clinician-scientist capable of answering cancer-
related questions with clinical and basic science research.

IMPACT

Studies have shown Wnt signaling pathways are involved in multiple types of cancer, including melanoma in

humans. Dr. Chon was able to describe their relationship to each other in a laboratory setting. However, Wnt pathway
manipulation only netted minimal cellular behavior changes and these changes were not statistically significant,
making them less likely to be linked to cancer development or metastasis in dogs with melanoma.
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Further study identified key proteins and genetic components that appear to be involved in cancer development.
Additionally, Dr. Chon and her team identified a chemical that seems to have the ability to reduce the proliferation and
spread of cancer cells in a laboratory setting. Continued research will focus on direct manipulation of the cancer cells
on a genetic level to see if this triggers significant cellular behavior in canine malignant melanoma.

Information from this study, and continued research, will help in the development of better, long-term treatment
options for melanoma in dogs. Improved therapies especially are needed for life-threatening canine oral melanoma.
These studies are critical first steps to finding new solutions. In addition, the grant provided invaluable training for a
promising new veterinary scientist.

VETERINARY JOURNAL
6-Bromoindirubin-3’oxime (BIO) decreases proliferation and migration of canine melanoma cell lines

D13CA-033

Dr. Jaime Modiano | University of Minnesota | 2012-2015

This study evaluates the efficacy of two antibodies that could treat canine B-cell lymphoma. The investigators theorize
that either antibody alone will kill lymphoma cells and delay tumor progression, but that the combined effect of the
two antibodies will be more effective as a treatment for dogs with lymphoma.

IMPACT

The team, in collaboration with researchers at Idexx Laboratories, Elanco Animal Health and Stanford University,
investigated whether or not this type of treatment could translate into helping dogs with cancer. Using recently
developed canine-specific antibodies, the research team evaluated the safety and efficacy of these antibodies in
the treatment of canine B-cell lymphoma. Antibodies were directed against two different targets on the cancer
cells, and investigators believed that a combination of these two antibodies would be effective in treating dogs
with B-cell lymphoma.

The researchers confirmed that the antibody combination promoted the killing of canine lymphoma cells in a
laboratory setting. The research team then used a pre-clinical model to test the combination. Highly encouraging data
suggested this immunotherapy combination is both safe and effective in treating diffuse large B-cell lymphoma. The
next research step is to shepherd these antibody therapies through regulatory approval and into canine clinical trials.
If proven effective in clinical trials as passive immunotherapy, use of the antibodies in this study could significantly
improve treatment for all dogs with B-cell lymphoma.

VETERINARY IMMUNOLOGY AND IMMUNOPATHOLOGY
Canine lymphoma as a comparative model for human non-Hodgkin lymphoma: recent progress and applications

LEUKEMIA & LYMPHOMA
Development of a novel anti-canine CD20 monoclonal antibody with diagnostic and therapeutic potential

CANCER IMMUNOLOGY RESEARCH
Eradication of canine diffuse large B-cell lymphoma in a murine xenograft model with CD47 blockade and anti-CD20
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D13CA-400

Dr. Jong Hyuk Kim | University of Minnesota | 2012-2014

Hemangiosarcoma is a common and fatal cancer that is particularly deadly to golden retrievers and Portuguese water
dogs. This study examines how molecular signaling helps cancer stem cells undergo self-renewal. Investigators are
evaluating the potential to control the activity of hemangiosarcoma stem cells by altering these molecular signals to
slow tumor growth and enhance sensitivity to conventional and targeted therapies.

IMPACT

The researchers found that IL-8 influences stem cell signals and helps create a microenvironment that supports
hemangiosarcoma tumor formation in the early stages of this cancer. Continuing research will investigate whether
hemangiosarcoma development can be altered by interfering with the actions of IL-8 and cancer stem cell signals.

This study has provided valuable insight into the properties of cancer stem cells and how they contribute to
hemangiosarcoma tumor growth. Discovery of potential therapeutic targets, such as the mechanisms of IL-8-mediated
cancer stem cell regeneration, will help in the development of new treatments to slow tumor growth and enhance
sensitivity to conventional and targeted therapies.

THE AMERICAN JOURNAL OF PATHOLOGY
Identification of three molecular and functional subtypes in canine hemangiosarcoma through gene expression

profiling and progenitor cell characterization

VETERINARY AND COMPARATIVE ONCOLOGY
Interactions between CXCR4 and CXCL12 promote cell migration and invasion of canine hemangiosarcoma

EXPERIMENTAL CELL RESEARCH
Interleukin-8 promotes canine hemangiosarcoma growth by regulating the tumor microenvironment

MOLECULAR CANCER RESEARCH
Genomically complex human angiosarcoma and canine hemangiosarcoma establish convergent angiogenic
transcriptional programs driven by novel gene fusions

013CA-609

Erica Noland | University of Georgia | 2012

Malignant neoplasms are a significant problem in both the human and animal populations, often resulting in poor
prognosis and limited treatment options. Epigenetic changes (changes to DNA expression without changing the genetic
code) play a role in genomic instability, thus predisposing an individual to cancer. Parp-1, a DNA remodeling protein, is
implicated in chromosome instability and is considered a potential treatment target for cancer. The student will test
canine cancer cell lines for the presence of Parp-1. If present, the Parp-1inhibitors currently in human clinical trials
could be considered as treatment for canine cancers, particularly breast cancer, as well.

IMPACT

The overall goal of this project was to develop a screening test that will aid in a targeted therapeutic approach for
canine breast cancer. The first aim this summer was to expand on our preliminary data to validate the use of the
research team’s potential biomarkers. This was done using established canine mammary cell lines. The second aim for
the summer was to then validate the test, in clinical samples of varying malignancy.
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Preliminary results showed that one of the biomarkers can detect neoplastic change through an observed up-

regulation of the protein. Further testing is required to determine if changes in malignant state or stage can be
predicted. In addition, the team was gearing up to test a second biomarker on additional clinical samples. The

combination of the two tests could improve the predictive value of our screening test.

D12CA-302

Daisuke Ito, DVM, PhD | University of Minnesota | 9/1/2011-4/1/2014

Canine lymphoma accounts for up to 24% of all canine tumors, and more than 80% of hematopoietic cell cancers.
Diffuse large B-cell lymphoma (DLBCL) is the most common type of lymphoma in dogs. Despite efforts to establish
effective chemotherapy protocols, long-term remissions are rare and the median survival time for dogs with high-
grade tumors ranges from six to 11 months. New strategies are required to improve survival and attain cures.

One of the limitations in identifying therapeutic targets for canine lymphoma has been the lack of reliable systems
to maintain and expand lymphoma cells in the laboratory. Previously, the researcher created a culture system to
maintain lymphoma cells in the laboratory. In this study, he will use this system to stimulate CD40, a protein found
in B-lymphocyte cells that help lymphoma cells spread, and learn more about CD40’s signaling pathway. The findings
may highlight novel targets for developing therapies to treat diffuse large B-cell lymphoma in dogs.

IMPACT

Through his studies of canine DLBCL cells in the laboratory, Dr. Ito found that a signaling pathway is activated in DLBCL
and is indeed critical for DLBCL tumor growth. Inhibiting this pathway killed canine tumor cells, which suggests that
this pathway is a promising new therapy target to help combat lymphoma in dogs.

Dr. Ito and his team are continuing their research, including screening drugs to find those that can inhibit activity of
this pathway. If successful, this strategy will help find potential new treatments for DLBCL, a much-needed tool for
veterinary oncologists who treat patients with DLBCL. This study also has contributed to the career development of
a promising young research scientist. In 2013, Dr. Ito was appointed assistant professor at the College of Veterinary
Medicine at the University of Minnesota, where he will continue his research in veterinary oncology.

CANCER IMMUNOLOGY RESEARCH
Eradication of canine diffuse large B-cell lymphoma in a murine xenograft model with CD47 blockade
and anti-CD20

VETERINARY IMMUNOLOGY AND IMMUNOPATHOLOGY
Canine lymphoma as a comparative model for human non-Hodgkin lymphoma: recent progress and applications

LEUKEMIA & LYMPHOMA
Development of a novel anti-canine CD20 monoclonal antibody with diagnostic and therapeutic potential

VETERINARY PATHOLOGY
Molecular profiling reveals prognostically significant subtypes of canine lymphoma

COMPARATIVE MEDICINE
Parenchymal signal intensity in 3-T body MRI of dogs with hematopoietic neoplasia
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VETERINARY AND COMPARATIVE ONCOLOGY
Canine osteosarcoma cells exhibit resistance to aurora kinase inhibitors

LEUKEMIA & LYMPHOMA
CD40 ligand is necessary and sufficient to support primary diffuse large B-cell lymphoma cells in culture: a tool for in

vitro preclinical studies with primary B-cell malignancies

D10CA-051

Dr. Karin Allenspach | University of London | 2010-2013

German shepherds are particularly susceptible to inflammatory bowel disease (IBD), an inflammation of the intestinal
tract resulting in weight loss, vomiting or diarrhea. Currently, IBD can be controlled but not cured, and many dogs
require lifelong immunosuppressive therapy. The researchers previously identified an imbalance in the intestinal
bacteria in German shepherds with IBD and a genetic mutation in the toll-like receptor 5 gene. German shepherds with
this mutation carry an eight-times-higher risk for developing IBD. The researcher will study how this mutation may
alter the immune response to intestinal microbes, specifically Enterobacteriaceae, in German shepherds with IBD.

Data gained in this study could help identify new therapeutic agents tailored to treat individual dogs according to
their genotype.

IMPACT

The researchers found that dogs with IBD have higher numbers of specific strains of gram-negative bacteria,
specifically those of the Enterobacteriaceae family, in their intestines. Previously, the researchers identified a genetic
mutation for a receptor that recognizes gram-negative bacteria in the intestine. German shepherds with this genetic
mutation have a risk eight times higher for developing IBD. In this study, the research team confirmed that this
mutation changes the dog's immune response to specific bacteria.

The research team also identified certain strains of bacteria associated with exaggerated intestinal inflammation in
German shepherds with IBD. Antibodies to these strains can be detected in blood samples, which may lead to the
development of noninvasive diagnostic blood tests for IBD. The results of this study could improve the ability of
veterinarians to detect and manage IBD, thereby improving the quality of life for affected dogs and their owners.

VETERINARY IMMUNOLOGY AND IMMUNOPATHOLOGY
Expression of trefoil factor genes in the duodenum and colon of dogs with inflammatory bowel disease
and healthy dogs

VETERINARY IMMUNOLOGY AND IMMUNOPATHOLOGY
Gene expression of selected signature cytokines of T cell subsets in duodenal tissues of dogs with and without
inflammatory bowel disease

PLOS ONE
TLR5 risk-associated haplotype for canine inflammatory bowel disease confers hyper-responsiveness to flagellin
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DO9CA-082

Dr. Laura Garrett | University of Illinois | 2009-2011

Lymphoma is one of the most common and fatal cancers in dogs. Most dogs treated with chemotherapy go into
remission, but the cancer quickly develops drug resistance and recurs. Chemotherapy generally works by initiating
apoptosis, a normal process in which cells undergo programmed death. Apoptosis occurs throughout life and is critical
for developing and maintaining healthy tissues. Cancer cells develop ways to avoid apoptosis, which allows them to
grow and survive in an uncontrolled fashion. Researchers will study a novel compound, PAC-1, that has been shown to
induce apoptosis in tumor cells without the presence of chemotherapy. This study will evaluate safety and dosing, as
well as efficacy, of PAC-1 in dogs.

IMPACT
The team studied a novel compound, procaspase-activating compound 1 (PAC-1), which was developed at the
university. PAC-1 works via a different mechanism than traditional chemotherapy, and based on preliminary data,
held promise as a revolutionary treatment for dogs with cancer. However, early study results indicated that the drug
could cause severe and unpredictable neurotoxicity in dogs at the levels needed to produce an anticancer effect and
therefore, shouldn’t be pursued as a treatment for canine lymphoma. These findings also indicate the need for safer
formulations of similar drugs currently in development.

DO9CA-303

Dr. Ursula Krotscheck | Cornell University | 2009-2014

One of the most common orthopedic problems in dogs is a fragmented coronoid process, which frequently causes
forelimb lameness. This problem occurs when two of the three bones that compose the elbow joint grow unequally,
causing a fracture when the elbow bears too much weight. The fragment usually is removed through surgery, but
treated dogs often develop arthritis. This study compares the long-term outcomes of the commonly used surgical
treatment with those of a newer surgery that may decrease progression of arthritis. The findings will help determine
the ideal diagnostic and surgical procedure for treating a fragmented coronoid process and thereby will improve long-
term quality of life for affected dogs.

IMPACT

The team compared long-term outcomes of the two surgical techniques for treating FCP. One technique was the more
common arthroscopic fragment-removal technique and the other was the newer treatment option, fragment removal
combined with an ulnar ostectomy, which involves removal of a small sliver of ulna along with temporary stabilization.
Reports have suggested that making a cut in the ulna will allow the bone to rotate out of the way and reduce any
remaining joint misalignment. The ulna is a non-weight-bearing bone, so cutting it will not affect the dog’s gait

or comfort.

The research team enrolled 17 client-owned dogs (in which 31 elbows were treated) younger than one year that had
been diagnosed with FCP. The dogs underwent either arthroscopic fragment removal alone or fragment removal with
ulnar ostectomy. Outcomes were evaluated using radiographs, computed tomography (CT) scans and gait analysis.
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At one year after surgery, data showed that cutting the ulna did not result in better patient function, which suggests
that this technique did not significantly shift weight bearing within the joint or alter the joint's structure compared
with arthroscopic fragment removal alone. Researchers also found that arthritis progressed in all dogs, regardless

of what kind of surgical treatment they received, but that this was not associated with long-term joint function. All
dogs improved significantly after surgery, and many had normal or near-normal function 12 months after surgery.
Interestingly, analysis of CT scans did show that bone quality of the coronoid was less dense in dogs with FCP but had
the ability to respond and achieve normal values after surgery. This correlates with gait analysis data showing that
clinical function improved after surgery in all dogs.

This study has provided very valuable information for veterinary surgeons caring for dogs with FCP by showing

that the type of ulnar cut performed here is unlikely to provide an added benefit over the traditional fragment
removal procedure alone. Other types of ulnar cuts, such as a bi-oblique dynamic ulnar osteotomy, need further
evaluation. More importantly, the CT data give researchers a glimpse into the underlying pathology of the disease and
demonstrates that surgery is indicated in dogs affected with FCP as lameness significantly improved in all patients
after surgical intervention.

VETERINARY SURGERY
Cubital subchondral joint space width and CT osteoabsorptiometry in dogs with and without fragmented medial
coronoid process

DO8CA-050

Dr. Stuart Helfand | Oregon State University | 2008-2012

Hemangiosarcoma remains one of the deadliest canine cancers. Despite treatments such as chemotherapy,
immunotherapy and surgery, dogs rarely live beyond six months after diagnosis. New approaches are needed to
improve the survival time of dogs afflicted with this devastating disease. This study will expand on the research team’s
previous research into a novel class of drugs called tyrosine kinase inhibitors that may have the potential to control
the growth of hemangiosarcoma. The results will help clarify abnormalities that contribute to hemangiosarcoma
proliferation and ultimately may lead to new treatment options for this aggressive cancer.

IMPACT

Researchers found that inhibiting certain tyrosine kinases effectively suppressed the growth of cancer cells.
Additionally, when tyrosine kinase inhibitors were combined with standard-of-care HSA chemotherapeutic agents,
the resulting combination was significantly better at killing cancer cells. To this end, researchers have begun to apply
their findings and are treating several dogs with HSA with dasatinib, a tyrosine kinase inhibitor identified as effective.
Although it is too early to determine whether dasatinib is making a difference, the researchers hope to validate it as a
therapy for dogs with HSA.

TRANSLATIONAL ONCOLOGY
Imatinib and dasatinib inhibit hemangiosarcoma and implicate PDGFR-B and Src in tumor growth

VETERINARY AND COMPARATIVE ONCOLOGY
Phosphotyrosine enrichment identifies focal adhesion kinase and other tyrosine kinases for targeting in canine
hemangiosarcoma
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DO8CA-500

Dr. George Moore | Purdue University | 2008-2011

Leptospirosis is a bacterial disease caused by exposure to urine from an infected animal, usually wildlife. It affects
humans and animals worldwide, causing life-threatening kidney, liver and blood disease. Although the risk of infection
in dogs may have increased in the last decade, assessing the prevalence of this disease is complicated by lack of
large-scale epidemiological data, limitations of diagnostic tests, differences among the various strains of the bacteria
and limited understanding of the specific immune response of infected dogs.

This study will investigate the frequency and distribution of leptospirosis infection in dogs throughout the United
States and will determine the molecular characteristics of the different bacteria strains. While the molecular
information will help improve diagnostic tests and vaccines, the epidemiological data will assist in managing the risk
and spread of this deadly disease.

IMPACT

The researchers investigated the frequency of leptospirosis infection in dogs in the United States. They also mapped
the geographic range of leptospirosis, using more than 40,000 samples submitted to a commercial laboratory for
testing over a seven-year period. Using this map, they identified significant regional and seasonal outbreaks of the
disease in the United States.

Their research confirmed that leptospirosis has increased in all sizes and ages of dogs in the past 10 to 20 years,
though the greatest increase occurred in small breed dogs. This is probably because smaller breeds are less likely
to be vaccinated and protected against infection because of a misperception that they are at lower risk.

Researchers also investigated specific strains of leptospirosis involved in outbreaks and evaluated the accuracy
of current tests to detect the disease. They found that currently available vaccines are effective against the strains
that pose the greatest risk. However, current diagnostic tests, including the commonly used polymerase chain
reaction tests, had accuracy problems, and some give false-positive results; 10% to 15% of uninfected dogs were
falsely identified as positive for Leptospira infection. This indicates the need for better diagnostic tools to identify
infected dogs.

JOURNAL OF THE AMERICA VETERINARY MEDICAL ASSOCIATION
Detection of antibodies against Leptospira serovars via microscopic agglutination tests in dogs in the United States,
2000-2007

JOURNAL OF VETERINARY DIAGNOSTIC INVESTIGATION
Evaluation of three 5’ exonuclease-based real-time polymerase chain reaction assays for detection of pathogenic
Leptospira species in canine urine

JOURNAL OF VETERINARY INTERNAL MEDICINE
Regional and temporal variations of Leptospira seropositivity in dogs in the United States, 2000-2010

JOURNAL OF VETERINARY INTERNAL MEDICINE
Signalment changes in canine leptospirosis between 1970 and 2009
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DO8CA-504

Dr. James Serpell | University of Pennsylvania| 2010-2017

An estimated 20% of guide dogs retire early for a variety of medical and behavioral reasons. A 2008 Morris Animal
Foundation survey of more than 1,000 guide dog handlers highlighted the need for more research into the factors
that contribute to early retirement among guide dogs. Sensitivity to stress may lead to chronic behavioral and health
problems, which ultimately result in early retirement. In collaboration with three of the largest guide and assistance
dog organizations in the United States, researchers will track the health, behavior and experiences of a group of
working dogs from puppyhood through the early part of their working careers. Based on their findings, the team

will identify factors that predict the development of health and behavioral problems that lead to early retirement

of guide dogs.

IMPACT
The researchers suspected that stress might play an important role in early retirement and devised a study to dig
deeper into the issue. The team used behavioral questionnaires, as well as measured levels of the stress hormone
cortisol in hair samples, to look for factors that could be linked to early retirement. They collected samples from 683
working dogs over a timeframe of about three years. The study had a high retention rate among their participants
compared to similar studies, with just over 80% of dogs and their owners completing the study.

The research group discovered that hair cortisol levels to measure stress were not a good indicator of early
retirement. However, the team did identify several environmental factors, as well as behavioral traits of both dogs and
owners that were meaningful. These findings were:

« Unpredictable environmental factors, such as attacks by other dogs, greatly increased the likelihood of guide/
assistance dogs retiring early for behavioral reasons.

- Dog behavioral traits such as distractibility, fearfulness, touch sensitivity, excitability, oral behavior and
attachment (as measured in surveys) were linked to owners’ working relationships with their dogs and, in the case
of distractibility and some compulsive behaviors, also predicted early retirement.

+ Dogs allowed to interact with other people while in harness/on duty, and those that engaged more in active play
with other people while out of harness/off duty, were less likely to retire early for behavioral reasons.

- Owners with positive personality traits, such as agreeableness, conscientiousness, emotional stability and
openness to new experiences, reported better working relationships with their dogs.

The researchers collected a wealth of data on the study population of working dogs that they felt could not only
inform other studies, but also guide future research projects in this critically important population of dogs. The ability
to predict which dogs would likely retire early is a valuable screening tool for trainers and owners and may help flag
dogs early whose health and mental well-being could be negatively impacted through this type of work.

D07CA-058

Dr. Sheilah Robertson| University of Florida | 2008-2011

A number of recent disaster events have elevated the status of working dogs and highlighted the need to keep these
dogs healthy. Studies on dogs that were deployed to recent disaster areas found that 68% had a health-related
problem. Heat-related illnesses such as dehydration and heat exhaustion are leading causes of illness and death
among these dogs, yet there are no evidence-based guidelines on preventing these injuries. This study will look at
how different environmental conditions such as heat and humidity affect working dogs. Researchers also will assess
the use of protective and cooling vests. The information can be used in future disaster preparedness plans to help
better define work and rest schedules for working dogs that will keep them healthier and lower their risk of heat-

related illness or death.
17
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IMPACT

The team analyzed how different environmental conditions, such as heat and humidity, affect working dogs. They also
evaluated the use of protective and cooling vests.

Data suggest that even short periods of work, regardless of environmental conditions, lead to significant temperature
elevations in working dogs. Even in cool weather, it takes more than an hour for some dogs to return to baseline
temperatures after completing their work. In the summer, dogs that wore a cooling vest containing two specially
cooled packs that are held against the dog’s belly returned to normal body temperatures faster than dogs wearing
protective vests or no vests (control condition). This suggests that wearing cooling vests could benefit working dogs.

In the summer, dogs experienced significant drops in blood carbon dioxide (CO,), which could be linked to decreases
in performance. This respiratory alkalosis results from rapid expulsion of CO, from the lungs through panting. A similar
condition can occur when people hyperventilate. Humans with CO, values similar to those recorded in the study dogs
report feeling extremely light-headed and disoriented. Although performance was not tested in this study, trainers
and handlers frequently commented that the dogs were less attentive and less accurate in completing required tasks
in

the summer heat. This may be related to the low CO, values, which can cause a significant decrease in blood flow to
the brain.

Information from this study will benefit future disaster-preparedness plans by encouraging the use of cooling vests for
working dogs and helping define work and rest schedules. This will keep working dogs healthier and lower their risk of
heat-related illness or death.

DO6CA-065
Dr. Jaime Modiano | University of Minnesota | 2006-2009

An estimated one out of every two dogs alive today will get cancer in its lifetime, and as many as 50% of those will
die from the disease. Despite significant gains in cancer treatment, a thorough understanding of why cancers arise
and why they behave as they do is essential to improving prevention and treatment. For this project, researchers
will investigate two proteins whose interactions appear to be intimately tied to the behavior of two serious cancers,
melanoma and hemangiosarcoma. What the team learns may help test targeted therapies for these cancers and
significantly improve the lives of affected dogs.

IMPACT

A collaborative team of scientists at the University of Minnesota and at the University of California, Davis, found that
using compounds to lower the levels of p21in some tumors decreased the resistance to conventional chemotherapy
drugs. They also concluded that chemotherapy resistance is sometimes unrelated to abnormalities of PTEN, while it
often is associated with elevations of p21. The results have allowed the investigators to justify efforts to move these
compounds to the next step of clinical development.
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JOURNAL OF UROLOGY

Antisense attenuation of p21 sensitizes kidney cancer to apoptosis in response to conventional DNA damaging
chemotherapy associated with enhancement of phospho-p53

MOLECULAR CANCER
Attenuation of PTEN increases p21 stability and cytosolic localization in kidney cancer cells: A potential mechanism of
apoptosis resistance

CANCER BIOLOGY AND THERAPY
High throughput screening of a small molecule one-bead-one-compound combinatorial library to identify attenuators

of p21 as chemotherapy sensitizers

MOLECULAR CANCER THERAPEUTICS
Sorafenib has soluble epoxide hydrolase inhibitory activity, which contributes to its effect profile in vivo

EXPERT REVIEW OF ANTICANCER THERAPY
Targeting the PI3K-Akt pathway in kidney cancer

DO6CA-500

Dr. Matthew Breen| North Carolina State University | 2006-2009

The Pfizer-CCOGC Biospecimen Repository is a national canine tumor-tissue bank that will help members of the
Canine Comparative Oncology and Genetics Consortium (CCOGC) study different types of cancer.

Once completed, the tissue bank will contain some 3,000 samples of osteosarcoma, lymphoma, melanoma, and other
cancers. These high-quality samples will be used to develop new treatments for cancer and will be an especially
valuable asset in the quest to treat and cure cancer in dogs. They also may provide insights into human cancer.

IMPACT

The CCOGC created an infrastructure for the collection and banking of tissues from dogs with naturally occurring
cancer to help researchers further the investigation into the inner workings of cancer in the domestic dog, as well
as facilitate investigation into tumor types with broad translational relevance that can benefit both human and dog
patients.

The Pfizer-CCOGC Biospecimen Repository currently houses over 2,000 patient samples across seven spontaneously
arising cancers: osteosarcoma, lymphoma, melanoma, pulmonary tumors, mast cell tumor, soft tissue sarcomas and
hemangiosarcoma. Samples available from each patient include tumor and normal tissues as well as frozen serum,
plasma, urine and whole blood.

In addition to providing access to banked canine cancer biospecimens, the CCOGC also is able to offer its tissue
collection infrastructure to third parties who wish to request specific prospective collection of tissues.

EVOLUTION
Origins and evolution of a transmissible cancer

VETERINARY SCIENCES
The establishment of the Pfizer-Canine Comparative Oncology and Genomics
Consortium Biospecimen Repository 19




