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PERSPECTIVE

ONE HEALTH

Companion animals: Translational scientist’s

new best friends

Amir Kol,"t Boaz Arzi,?* Kyriacos A. Athanasiou,>* Diana L. Farmer,® Jan A.
Nolta,%” Robert B. Rebhun,? Xinbin Chen,*’ Leigh G. Griffiths,® Frank J. M.
Verstraete,> Christopher J. Murphy,>® Dori L. Borjesson,™

Knowledge and resources derived from veterinary medicine represent an underused
resource that could serve as a bridge between data obtained from diseases models in
laboratory animals and human clinical trials. Naturally occurring disease in compan-

ion animals that display the defining attributes of similar, if not identical, diseases in
humans hold promise for providing predictive proof of concept in the evaluation of new
therapeutics and devices. Here we outline comparative aspects of naturally occurring
diseases in companion animals and discuss their current uses in translational medicine,
benefits, and shortcomings. Last, we envision how these natural models of disease might
ultimately decrease the failure rate in human clinical trials and accelerate the delivery of
effective treatments to the human clinical market.

It is undeniable that genetic manipulation of
laboratory animals, technological advances
such as genome editing, and the capacity to
induce disease in a predictable fashion have
all provided crucial platforms for the study
of basic mechanisms of disease. At the same
time, preclinical studies in mice have often
proven to be poor predictors of outcomes of
human clinical trials (1, 2). The questionable
relevance of preclinical rodent disease mod-
els to clinical efficacy studies likely contrib-
utes to the high failure rates of human clini-
cal trials. It is this progression from safety
-focused to efficacy-focused clinical trials
that has resulted in serious questions about
the utility of mouse models as platforms for
translational research (2, 3). Highly inbred
and genetically modified laboratory animals
kept in homogeneous and closely regulated
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environments are markedly different from
humans who exhibit genetic variability, have
diverse diets and personal habits, and live in
varied environments.

Cross-disciplinary collaborations among
basic, translational, engineering, and clini-
cal scientists have initiated translational
studies in an effort to harness naturally oc-
curring diseases in companion animals to
accelerate drug and device development.
These synergistic collaborations are iden-
tifying clinically relevant models that offer
the opportunity to conduct rigorous trans-
lational investigations. Naturally occurring
diseases in companion animals might better
reflect the complex genetic, environmental,
and physiological variation present in hu-
mans, and enrollment and participation of
companion animals in clinical trials mirror
that of the human health care systems. Ani-
mal owners seek high levels of veterinary
care and often sustain long-term treatment
regimens for chronic disorders. Thus, com-
panion animals may provide clinically rele-
vant models of human diseases and serve as
a crucial link between basic and preclinical
research in small-animal-induced disease
models and human clinical trials—a bidi-
rectional, synergistic pathway in which both
veterinary patients and human patients
benefit from the implementation of this new
translational research paradigm.

HARNESSING VETERINARY MEDICINE

Before a drug or medical device is approved
by the U.S. Food and Drug Administration
(FDA) for marketing in the United States, it

must undergo rigorous scientific testing to
ensure tolerable levels of toxicity and a de-
monstrable beneficial biological response
(4). New drug development starts with in
vitro toxicity studies in human and animal
tissue cultures followed by in vivo animal
studies that are designed to determine the
metabolic, pharmacokinetic, and phar-
macodynamic characteristics of the drug
as well as its toxicity profile (Fig. 1). Typi-
cally, these animal studies are conducted in
more than one animal species (a rodent and
a nonrodent species). Although incorpora-
tion of data from proof-of-concept in vivo
studies in Investigational New Drug appli-
cation submission is encouraged by FDA
(5), proof-of-concept efficacy studies are not
mandated prior to the initiation of human
phase 1 (safety) clinical trials (4). A recent
paper by Hay et al. (3) calculated that, dur-
ing a 9-year period (2003-2011), the likeli-
hood that a new therapeutic compound en-
tering phase 1 clinical trials would achieve
FDA approval was 10.4% (n = 5820 candi-
date new drugs). The authors further deter-
mined that the phase 2 to phase 3 transition
(that is, the transition from safety-focused
to efficacy-focused studies) displayed the
lowest success rate at 32%. These findings
highlight a critical economic issue: The fact
that so many phase 1 and phase 2 clinical
trials fail in, or just prior to, phase 3 indi-
cates that clinical trials in humans are often
conducted using drugs that ultimately are
proven to be nonefficacious or even to com-
promise health. High clinical trial failure
rates are associated with enormous loss of
financial resources, making drug discovery
exorbitantly expensive for scientists, inves-
tors, consumers, and society.

In a 1929 paper in the journal Science (6),
Nobel laureate August Krogh proposed the
tantalizing potential contribution of natu-
rally occurring diseases in animals as mod-
els of human disease; he articulated what
later became known as Krogh's principle:
“For a large number of problems there will
be some animal of choice or a few such ani-
mals on which it can be most conveniently
studied” (6). This vision was realized more
than 30 years later when clinical trials were
conducted in client-owned dogs with natu-
rally occurring cancer, and currently, clini-
cal trials in pet dogs and cats are at the fore-
front of translational efforts to discover and
develop new anticancer therapeutics (7).
The valuable experience gained from canine
cancer models has inspired other disciplines
such as regenerative medicine and tissue
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Fig. 1. Companion animal trials. Shown (highlighted in red) is the proposed role of veterinary clinical trials as predictors of human efficacy studies.
Veterinary clinical trials could serve as a bridge between preclinical and clinical studies, with the goal of reducing the failure rates of human clinical
trials and accelerating approval of new therapeutics. R&D, research and development.

engineering to integrate this approach to
yield a more effective and rapid translation
of new candidate drugs, innovative medi-
cal devices, biomaterials, and procedures to
enhance the well-being of both human and
veterinary patients.

The One Health Initiative (8) has recent-
ly recognized that the health of humans,
companion animals, and the environment
is inextricably linked. Human beings and
companion animals share a similar envi-
ronment, common stressors, and many
genetic traits. Like humans and mice, the
entire dog (9), horse (10), and cat (11) ge-
nomes have been sequenced and annotated,
providing a powerful tool to study genetic
predisposition and gene expression patterns
in naturally occurring diseases in these
species. Also like humans, the life expec-
tancy of companion animals is on the rise,
and animals receive long-term treatment for
chronic diseases. Naturally occurring dis-
eases may better reflect the complex genetic,
environmental, and physiological variation
present in the human population. Academic
veterinary medicine and veterinary medi-
cal centers are now able to meet the needs
of the biomedical research community in
ways not previously available. Owing to
substantial advances in clinical veterinary
medicine and the presence of outstanding
secondary and tertiary referral centers, sick
companion animals often undergo diagnos-
tic procedures that closely parallel those of
human patients. State-of-the-art diagnostic
tools such as immunohistochemistry, mo-
lecular diagnostics, and advanced imaging
modalities (computed tomography, mag-
netic resonance imaging, positron emis-
sion tomography, and echocardiography)
are routinely employed in the evaluation
of veterinary patients. Similarly, delivery of
advanced therapeutic regimens may include
organ transplantation, transfusion medi-
cine, minimally invasive and reconstructive
surgery, and advanced chemotherapy and
radiation protocols.

Organized academic veterinary medi-
cine has also made dramatic advances over
the past 20 years with the development of
specialties, subspecialties, and advanced
training that parallel the dramatic expan-
sion of the specialties and subspecialties in
human medicine. Currently, there are 22
veterinary clinical specialty organizations
that are accredited by the American Board
of Veterinary Specialties, with 28 subspe-
cialties and 11,417 active specialists (Fig.
2). Entrepreneurial cross collaboration be-
tween and within universities, as well as
between universities and biotechnology and
pharmaceutical companies, is increasingly
common and facilitates the highest standard
of care. More and more, veterinary schools
are becoming externally focused, with an
eye to developing relationships with indus-
try to accelerate the discovery and develop-
ment of lead therapeutic compounds and
devices and to conduct veterinary clinical
trials. Where appropriate, naturally occur-
ring diseases in companion animals may be
incorporated into the FDA drug and device
development process as a link between pre-
clinical studies in laboratory animals and
clinical trials in human patients. Doing so
has the potential for providing robust effica-
cy data and improving the predictive value
of preclinical studies (Fig. 1).

COMPARATIVE BIOMEDICINE
There is great variability in disease suscep-
tibility among the various companion ani-
mals, which reflects differences in genetic
background, physiology, lifestyle, and envi-
ronment. Identification and optimization of
the appropriate naturally occurring disease
model for a given human disease target re-
quires in-depth knowledge of comparative
anatomy, physiology, pathology, and medi-
cine. Here, we highlight several examples of
naturally occurring diseases in companion
animals that have major parallels to human
disease (Fig. 3).

Cancer is common in dogs and accounts

for almost 50% of all mortalities in dogs
over 10 years old (7, 12). In the United States
alone, there are more than 40 million new
cases of cancer diagnosed in dogs each year,
making canine cancer a statistically power-
ful model. Moreover, cancer is a complex,
multifactorial disorder that develops over a
long period of time prior to any clinical evi-
dence of disease. These fundamental char-
acteristics of disease complexity and pro-
gression contribute to the limited predictive
value of traditional induced models of can-
cer in rodents. Comparative canine oncolo-
gy and carcinogenesis have been extensively
reviewed (7, 12), and in 2007, the Canine
Comparative Oncology Genomics Consor-
tium within the U.S. National Cancer In-
stitute (NCI) was established. Since then, a
robust and well-annotated biorepository of
canine tissues has been established. Veteri-
nary and human oncologists have partnered
with basic cancer researchers to create the
Comparative Oncology Trials Consortium
within NCI, which functions to design and
execute multi-institutional clinical trials in
companion animals with spontaneous can-
cer as a means to evaluate and predict safety,
efficacy, and identification of biomarkers
or pharmacodynamic end points. Research
into naturally occurring cancer in dogs and
multidisciplinary collaboration is revealing
new aspects of carcinogenesis and cancer
biology (13-15), facilitating the develop-
ment of new diagnostic methods (16), and
enabling the translation of innovative per-
sonalized therapeutics to human clinical tri-
als (17-19). Currently, there are 12 canine
clinical trials registered in NCI's Compara-
tive Oncology Program that are investigat-
ing new therapeutics and diagnostic mo-
dalities for the benefit of canine and human
patients alike.

According to the US. Centers for Disease
Control and Prevention, an estimated 27 mil-
lion US. adults suffer from osteoarthritis,
a chronic and progressive musculoskeletal
disorder that is often associated with articu-
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Fig. 2. Clinical specialization in veterinary medicine. The numbers of board-certified veterinary
specialists and specialty organizations since 1950 (A) and the current distribution of veterinary
specialists (B) are depicted. In 1951, the American College of Veterinary Pathologists was recog-
nized as the first specialty organization. Since then, the American Veterinary Medical Association’s,
American Board of Veterinary Specialties has given accreditation to 21 additional specialty organi-
zations. The most recent addition, the American College of Animal Welfare, was accredited in 2012.
Congruous with the expansion of recognized specialties, the numbers of board-certified specialists
is also on the rise. A small community of 389 veterinary specialists in the year 1967 has increased
exponentially throughout the intervening years. At the time of this writing, there are more than
11,000 active board-certified veterinary specialists.

lar cartilage injury (20). Reducing synovial
inflammation and regenerating articular car-
tilage are two major goals of researchers who
are searching for improved, targeted therapies
for chronic osteoarthritis (for example, tissue
engineering and immune response regula-
tors) (21). Cartilage regeneration secondary
to arthritis and sports injuries is an emerging
field of tissue engineering in which naturally
occurring diseases in companion animals are
of paramount importance. Cartilage regen-

eration has proven to be a great biomedical
challenge (21). Client-owned dogs, rabbits,
and horses all serve as spontaneous models of
chronic osteoarthritis (22, 23) and, as part of
a treatment regimen, can be used to study cell
therapies with engineered therapeutic bioma-
terials, such as intra-articular administration
of mesenchymal stem cells (24) and forced
anti-inflammatory cytokine expression in
chondrocytes (25). The current therapeutic
pathway for evaluation of construct stability,

viability, and mechanical integrity of tissue-
engineered cartilage involves heterotopic
implantation of constructs under the skin
of mice or rats. However, a naturally occur-
ring disease model is needed to evaluate the
success of engineered cartilage in a chronic
arthritic joint with a biomechanically com-
plex, biomimetic joint environment that is
subjected to load-bearing architecture that
resembles that of human patients. Maximiz-
ing veterinary tissue engineering efforts could
help to advance nonsurgical therapies for
various degenerative and sports injuries and
might help clarify the true utility of regenera-
tive medicine for these types of disorders.

Spinal cord injury and disorders cause
morbidity and disability and have few treat-
ment options. In 2007, it was estimated that,
from more than 60 phase 2 and phase 3
clinical trials for spinal cord neural regen-
eration, only one or two new experimental
interventions showed any evidence of en-
hanced recovery (26). These data exem-
plify the limitation of rodent models of in-
duced spinal cord injury or disorders when
it comes to mimicking the complexity of
naturally occurring spinal cord disease or
injury in humans. Canine thoracolumbar
intervertebral disk herniation (IVDH) is a
spontaneous and common injury in dogs
that is a relevant model for human acute
spinal cord injury diseases. As with people,
this lesion can be fully documented by neu-
rological examination, magnetic resonance
imaging, and electrophysiology (27) (Fig.
3, F and f). Spina bifida is a congenital
neural tube defect that affects 1500 to 2000
newly born infants annually in the United
States alone and can lead to variably severe
physical and intellectual disabilities (28).
A naturally occurring frameshift mutation
in the NKX2-8 gene recently was shown to
cause neural tube defects in the Weimaraner
breed of dogs (28). Spurred by this seminal
discovery, researchers found rare NKX2-8
missense mutations that were significantly
overrepresented in a cohort of 149 patients
with spina bifida, suggesting its role in the
pathogenesis of human spina bifida as well
(28).

The molecular basis of genetic disorders
in companion animals is being increasingly
recognized in specific animal species and
breeds. Key examples of companion-animal
diseases that share genotypic and phenotyp-
ic similarities with human diseases are listed
in Table 1. These diseases offer exciting plat-
forms for the translation of new therapeutic
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approaches such as gene therapy and thera-
peutic genome editing (29).

TRANSLATIONAL RECORD

The literature published in the veterinary
field on naturally occurring diseases, in-
cluding cutting-edge diagnostic techniques
and innovative therapies, is on a rapidly
rising trajectory and contains a plethora
of knowledge that can inform the transla-
tional research community (8). Nonethe-
less, the fact that companion animals with
naturally occurring diseases have proven
to be clinically relevant translational mod-
els is only beginning to gain recognition
in the broader biomedical community (8).
Existing examples of successful translation
of companion-animal models for therapy
development most often have resulted from
collaborations between veterinary and hu-
man clinician-scientists.

Keratoconjunctivitis sicca (KCS), or dry
eye disease, is an ocular inflammatory dis-
ease in humans and dogs that affects ~7.1
million people in the United States over the
age of 40. KCS is most commonly caused by
immune-mediated destruction of the lacri-
mal gland leading to chronic corneal epi-
thelium inflammation, pain, and, in severe
cases, blindness (30, 31)(Fig. 3, B and b).
Restasis is a cyclosporine-based ophthalmic
emulsion that is widely used to treat KCS
and was identified as a potential therapeu-
tic for the treatment of human KCS after a
veterinary ophthalmologist reported that
topical cyclosporine was an effective therapy
in dogs with naturally occurring KCS (32).
This discovery paved the way for the suc-
cessful translation from canine to human
medicine. Subsequently, Lifitegrast, a topi-
cal immune-modulating agent, was proven
efficacious in the treatment of canine KCS,
a milestone that helped motivate entry into
human clinical trials and reaffirm canine
KCS as a powerful translational disease
model (31).

Ibrutinib is an FDA-approved selective
and covalent inhibitor of Bruton’s tyrosine
kinase used for the treatment of mantle cell
lymphoma and chronic lymphocytic leu-
kemia. Naturally occurring non-Hodgkin’s
lymphoma in dogs was chosen as a naturally
occurring disease model, complementary
to murine lymphoma models, during the
preclinical development phase of ibrutinib
(18). This trial in a naturally occurring B cell
malignancy in dogs set the stage for accel-
erated FDA approval of the drug for use in
human patients with mantle cell lymphoma

(November 2013). This unusual approach
was acknowledged in an article in Forbes:
“In this case ... rather than force the mol-
ecules through traditional assays (and get
a false negative result), they tried to use a
less traditional approach (e.g. spontaneous
lymphoma model in dog), and then proceed
rapidly to the clinic”

Naturally occurring osteosarcoma in

Fig. 3. Behaving like animals. Here, we show
similar clinical findings in veterinary and human
patients with related naturally occurring dis-
eases. Histologic photomicrographs (H&E) from
a dog (A) and a human (a) with glioblastoma
depict similar morphological features, including
vascular proliferation. Close-up images of a dog
(B) and a human (b) eye with KCS depict ocu-
lar surface changes. A computed tomographic
three-dimensional reconstruction image of a
dog (C) that received mandibular reconstruction
using rh-BMP2 infused in a scaffold and a human
(c) who has undergone mandibular reconstruc-
tion using autologous bone grafting. An echo-
cardiogram from a cat (D) and a human (d) with
hypertrophic cardiomyopathy demonstrates
concentric hypertrophy of the left ventricle char-
acterized by thickening of the left ventricular
walls with decreased ventricular volume. A colo-
noscopic image from a dog (E) and a human (e)
with inflammatory bowel disease demonstrates
colonic inflammation, hemorrhage, and ulcer-
ation. A contrast-enhanced magnetic resonance
myelogram in a dog (F) and a human (f) with
cervical spondylomyelopathy depicts vertebral
canal stenosis (white arrows). An arthroscopic
image of a torn cranial cruciate ligament in a
dog (G) and a torn anterior cruciate ligament in
a knee of a human (g) reveals associated arthritic
changes. Ultrasonographic images of a superfi-
cial digital flexor tendon lesion in a horse (H) and
Achilles tendonitis in a human (h) demonstrate
similar core lesions.

client-owned dogs has helped optimize the
preoperative and operative techniques for
limb-sparing surgery currently used in pe-
diatric and adult patients (33, 34). Osteosar-
coma in dogs is also an outstanding model
for therapy development, because tumor
size in dogs is more relevant to human
tumors than tumor size in rodents, which
permits the adjustment of therapeutics and
surgical devices for human applications.
Repairing critical size mandibular de-
fects in dogs has received attention from the
medical community and the general public
(35, 36). Mandibular critical size defects re-
sult from trauma, cancer removal, or war-
related injuries (Fig. 3, C and c). The use of
recombinant human bone morphogenetic
proteins (thBMP) has been FDA approved
for human spinal fusion products. The use
of rhBMP-2 and a collagen-hydroxyapatite/
tricalcium phosphate scaffold has been
highly successful for bone regeneration in
dogs (35, 36), and at the University of Cali-
fornia, Davis’s Veterinary Medical Teaching
Hospital, we have instituted this approach
as a routine procedure for dogs in need of
mandibular reconstruction. This dog model
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Table 1. Human diseases and their parallels in companion animals: A partial summary

Disease category  Specific disease Species with recognized References
or organ system naturally occurring
correlate
Cancer Non-Hodgkin’s lymphoma Dogs, cats (7,12)
Osteosarcoma
Mammary carcinoma
Melanoma
Soft tissue sarcoma
Musculoskeletal Chronic osteoarthritis Dogs, horses, rabbits (23, 53, 54)
Tendon injuries Horses (55)
Cruciate ligament injury Dogs (56)
Mandibular reconstruction Dogs (35, 36)
Spinal cord injury Intervertebral disk herniation Dogs 27)
and disorders Neural tube defects Dogs (29)
Genetic Hemophilia Dogs (57)
Narcolepsy Dogs (58)
SCID X-linked Dogs, horses (59)
Cleft palate Dogs (60)
Duchenne muscular dystrophy Dogs (61)
Lysosomal storage disease Dogs, cats, cows, sheep goats  (62)
Skeletal disorders Horses (63)
Eye Keratoconjunctivitis sicca Dogs (24)
Immune or Inflammatory bowel disease Dogs, cats (64, 65)
inflammatory Chronic gingivostomatitis Cats (471)
Cardiovascular Dilated cardiomyopathy Dog (47)
Hypertrophic cardiomyopathy  Cats (44)
Arythmogenic right ventricular Dogs (46)

cardiomyopathy

may be instrumental in refining techniques,
understanding the regenerative process,
and providing valuable information on po-
tential complications, thus paving the road
toward solving this as-yet-intractable prob-
lem in humans.

Chronic inflammatory disorders are of
particular interest because current treat-
ments often rely on lifelong immunosup-
pressive therapy. Harnessing stem cell
therapies for these disorders already occurs
in human and veterinary medicine (37, 38).
Mesenchymal stem cells (MSCs) have a re-
generative ability attributed in part to their
capacity to modulate both the innate and
adaptive immune systems (39). Because
of these attributes, MSCs are currently
in phase 1-3 clinical trials for immune-
mediated diseases, and parallel clinical
trials are ongoing at veterinary schools
across the nation. We have proposed feline

chronic gingivostomatitis as a naturally oc-
curring disease model of human chronic
oral inflammatory diseases (including oral
lichen planus, stomatitis, oral Crohn’s dis-
ease, and pemphigus) (40, 41). This preva-
lent naturally occurring disease permits
optimization of cell dose, route of admin-
istration, and cell source, all of which can
inform human clinical trials. The ability to
study cellular therapy in the context of an
intact immune system in a naturally occur-
ring disease model is critical for early safety
and efficacy studies.

Cardiovascular research and therapy is
another field that could benefit from natu-
rally occurring animal models. Cardiomy-
opathies are a major cause of morbidity and
mortality in children and adults (Fig. 3, D
and d). For inherited cardiomyopathies,
therapeutic gene transfer holds great prom-
ise as a potential treatment. Several natu-

rally occurring disease models, primarily in
dogs and cats, offer excellent opportunities
to evaluate new candidate therapies with
the use of an adeno-associated viral vector
for cardiac gene therapy (42, 43). Dogs and
cats have a number of inherited cardiomy-
opathies, such as dilated cardiomyopathy,
hypertrophic cardiomyopathy, and aryth-
mogenic right ventricular cardiomyopathy
(44-47). Therefore, collaborations between
cardiovascular and gene-therapy research-
ers may illuminate treatments for human
and veterinary patients.

LIMITATIONS

Whereas certain animal species share as-
pects of human genomics and physiology,
all animal models have limitations, and the
predictive value of results should always be
interpreted cautiously. Moreover, although
clinical trials in naturally occurring diseases
of companion animals have the potential to
inform human clinical trials, currently, many
of the veterinary clinical trials are not being
designed with an eye to inform human clini-
cal trials and lack in several crucial features,
such as statistical power, blinding, and appro-
priately sized control groups (48, 49). Anoth-
er limitation is that no naturally occurring
disease correlates in companion animals ex-
ist for several of the key diseases that are the
cause of significant morbidity and mortality
globally (for example, coronary heart disease,
stroke, Parkinson’s disease, and monogenic
genetic disorders such as thalassemia, sickle
cell anemia, fragile X syndrome, and Hunt-
ingtons disease). Moreover, there are well-
described differences in drug metabolism
and genetic backgrounds between humans
and all animal species, and idiosyncratic re-
actions and discrepant results will always
play a role in translational research (50).

For example, after in vitro studies that
demonstrated marked cytotoxic effects of a
new acyclic nucleotide analog (GS-9219) in
human lymphoblasts and human leukemia
cell lines, the drug candidate was evaluated
in dogs with naturally occurring, advanced-
stage lymphoma. These studies established
pharmacokinetics, safety parameters, and
biological activities of the candidate drug,
which displayed significant efficacy after a
single administration with an acceptable
adverse-event profile (51). Inspired by the
results of rodent studies and canine clinical
trials, phase 1 and 2 studies were initiated in
humans with hematological malignancies.
Although the drug showed acceptable levels
of toxicity in mice and dogs, GS-9219 had
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marked toxicity in human patients, and drug
development was halted.

ETHICAL CONSIDERATIONS

Ethical considerations in veterinary clini-
cal trials are fundamentally different from
those of preclinical animal studies, in which
the disease state is induced into animals by
the investigator, and animals may be sacri-
ficed at the end point of the study. Rather,
we propose to study naturally occurring dis-
eases in animals in which their owners are
seeking veterinary care, in a parallel fash-
ion to human clinical trials and the human
health care system. This approach negates
any induced animal distress, quelling pub-
lic outcry, as research is being conducted in
animals only after informed consent. These
animals are housed by their owners and are
not harmed in any way—on the contrary,
these animals receive cutting-edge thera-
peutics for their diseases.

As in human clinical trials, ethical as-
pects need to be addressed to protect both
animals and their owners. Much like clinical
trials in children, sick animals are unable to
accept or decline experimental treatment,
and so their owners are entrusted to make
these decisions on their behalf and to pro-
vide legal guardianship. The American Vet-
erinary Medical Association (AVMA) sup-
ports clinical studies and therapy directed
at naturally occurring diseases in animals
with a goal to inform human medical is-
sues (52). In this regard, each study should
be reviewed at the institutional level either
by the Institutional Animal Care and Use
Committee (IACUC), a Clinical Trials Re-
view Board, or a combination of such com-
mittees to ensure thorough scientific and
ethical review. Informed and signed owner
consent should be obtained only after re-
viewing all available diagnostic and stan-
dard treatment options, along with associ-
ated risks, benefits, and likely prognoses. To
avoid complex bias issues, consent ideally
should be obtained by someone other than
the primary investigator who has no conflict
of interest. Furthermore, as in human clini-
cal trials, economically challenged pet own-
ers should not be exploited, and all possible
standard-of-care treatment options should
be available to their pets prior to enrolling
in a clinical trial.

GALLOPING FORWARD

In order to break down physical and con-
ceptual barriers that impede productive in-
teractions between academic scientists and

clinicians in veterinary schools and academ-
ic medical centers as well as industry and
regulatory scientists, we propose a roadmap
to facilitate dissemination of knowledge,
encourage cross-disciplinary collaboration,
and build the required infrastructure.

Identify naturally occurring diseases
with potential for accelerating transla-
tion. Expert panels of physicians, veterinar-
ians, and researchers should be formed to (i)
critically evaluate the similarities between
human disease and related spontaneous
diseases present in companion animals (dis-
ease phenotype, similarities in biomarkers,
and response to current therapeutics) and
(ii) determine the feasibility of conducting
veterinary trials to evaluate new therapeu-
tics and devices based on veterinary patient
databases.

Create opportunities for synergistic
clinical education. Medical and veteri-
nary medical schools should create strate-
gic teams that will develop ways by which
students, residents, and faculty members
can have increased opportunities for cross-
disciplinary interactions. These may include
incorporation of comparative medicine
material into the curriculum [One Health
Initiative:  http://www.onehealthinitiative.
com)], cross-disciplinary teaching opportu-
nities for faculty members, and comparative-
medicine training opportunities for clinical
residents and students. Postgraduate fellow-
ships can be an extraordinary opportunity
for medical and veterinary residents to at-
tain an intimate and in-depth appreciation
of the other discipline’s challenges, needs,
and strengths, thus promoting true cross-
disciplinary collaboration. Knights Land-
ing’s One Health combined veterinary and
human clinic in California is one example of
such an endeavor that illustrates the benefits
for medical and veterinary professionals
and the two- and four-legged community
members.

Create platforms for fusing graduate
education with clinical studies. Interac-
tions between graduate and professional
students in the health sciences could in-
clude seminars, workshops, and summer
projects that highlight comparative and
translational medicine. Dual-degree DVM-
Ph.D. training programs are already being
offered at some institutions, and postgradu-
ate research training fellowships and career
development awards are solicited by the U.S.
National Institutes of Health (NTH).

Create interdisciplinary platforms to
facilitate dissemination of translational

concepts. The creation and support of pro-
fessional societies, symposia, and high-tier
journals that are dedicated to translational
medicine research are instrumental for the
review and wide dissemination of cutting-
edge knowledge. Many such symposia al-
ready exist and include the integrated hu-
man and veterinary aerodigestive team
symposium, the joint human and veterinary
cardiology symposium, and the zoobiquity
conference. These team symposia are excel-
lent forums for developing collaborations
and engaging colleagues outside of their
disciplinary community.

Divert resources to support transla-
tional medicine research efforts. Many of
the barriers to true cross-disciplinary team
building to emphasize relevant naturally oc-
curring animal models of disease involve
the availability of resources. Universities
are typically conservative and risk-averse
when it comes to intellectual property and
conflicts of interest. However, as state fi-
nancial support of universities diminishes,
many entrepreneurial activities that involve
deep collaborations with scientists outside
the university are being managed and en-
couraged. Entities within the universities
are supporting outreach to companies and
promoting industry partnerships (through
research garage space and “soft nests” for cli-
nician research). As such, there is far more
clarity regarding collaborative science and
how clinician-scientists can serve a role in a
contract research organization.

Inspired by the Comparative Oncology
Program within NCI, we recommend that
parallel translationally oriented programs
within NIH be tasked to facilitate the ex-
ecution of multi-institutional companion
animal clinical trials that include physicians,
scientists, and veterinarians; generate tissue
banks; and create granting mechanisms.
Ideally, a national center would coordinate
(i) multicenter trials required to accelerate
enrollment of appropriate patients, (ii) edu-
cation of veterinary students, hospital staff,
and clinician-scientists to foster a culture of
clinical trials, and (iii) collection and analy-
sis of data related to trial costs, time to mar-
ket, and trial successes and failures.

Clinical trials involving companion
animals are expensive compared to rodent
models. However, many of the costs to de-
termine if the patient is eligible for enroll-
ment are covered by the client, and long-
term follow-up can be performed without
accruing per diems because the patient does
not need long-term housing. Pet owners are
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eager to enroll in clinical trials and engage
with faculty at academic institutions. Time
is perhaps the most valuable resource: It
takes time and effort to build research teams
that can articulate and create opportunities
and acquire funding for the development of
relevant animal models.

Consensus statement. Last, we recom-
mend that a consensus statement regarding
the trajectory for veterinary clinical trials
in translational medicine be published by a
group of leading clinicians and scientists to
inform the translational research commu-
nity regarding the extramural funding op-
portunities, opportunities for collaboration,
and study-design and study-report stan-
dards for veterinary clinical trials. The U.S.
National Academy of Medicine convened
a meeting in June 2015 to generate such a
consensus statement regarding veterinary
clinical trials in oncology (“The role of clini-
cal studies for pets with naturally occurring
tumors in translational cancer research’;
http://iom.nationalacademies.org/Activi-
ties/Disease/NCPF/2015-JUN-08).

REFERENCES AND NOTES

1. H.B.van der Worp, D. W. Howells, E. S. Sena, M. J. Porritt,
S. Rewell, V. O'Collins, M. R. Macleod, Can animal models
of disease reliably inform human studies? PLOS Med. 7,
1000245 (2010).

2. S.Lin, Y. Lin, J. R. Nery, M. A. Urich, A. Breschi, C. A. Da-
vis, A. Dobin, C. Zaleski, M. A. Beer, W. C. Chapman, T.
R. Gingeras, J. R. Ecker, M. P. Snyder, Comparison of the
transcriptional landscapes between human and mouse
tissues. Proc. Natl. Acad. Sci. US.A. 111, 17224-17229
(2014).

3. M. Hay, D. W. Thomas, J. L. Craighead, C. Economides, J.
Rosenthal, Clinical development success rates for inves-
tigational drugs. Nat. Biotechnol. 32, 40-51 (2014).

4. Code of Federal Regulations - Title 21 - Food and Drugs.
312.23 (a)(8) (2015). www.accessdata.fda.gov/scripts/
cdrh/cfdocs/cfCFR/CFRSearch.cfm?fr=312.23.

5. Guidance for industry: Preclinical assessment of investi-
gational cellular and gene therapy products (FDA, Center
for Biologics Evaluation and Research, Washington, DC,
2013).

6. A. Krogh, The Progress of Physiology. Science 70, 200
204 (1929).

7. M. Paoloni, C. Khanna, Translation of new cancer treat-
ments from pet dogs to humans. Nat. Rev. Cancer 8,
147-156 (2008).

8. M. M. Christopher, One health, one literature: Weaving
together veterinary and medical research. Sci. Transl.
Med. 7,303fs36 (2015).

9. H.G.Parker, L.V. Kim, N. B. Sutter, S. Carlson, T. D. Lorent-
zen, T. B. Malek, G. S. Johnson, H. B. DeFrance, E. A. Os-
trander, L. Kruglyak, Genetic structure of the purebred
domestic dog. Science 304, 1160-1164 (2004).

10. C.M.Wade, E. Giulotto, S. Sigurdsson, M. Zoli, S. Gnerre, F.
Imsland, T. L. Lear, D. L. Adelson, E. Bailey, R. R. Bellone, H.
Blocker, O. Distl, R. C. Edgar, M. Garber, T. Leeb, E. Mauceli,
J. N. MacLeod, M. C. Penedo, J. M. Raison, T. Sharpe, J.
Vogel, L. Andersson, D. F. Antczak, T. Biagi, M. M. Binns,

20.

21.

B. P. Chowdhary, S. J. Coleman, G. Della Valle, S. Fryc, G.
Guérin, T. Hasegawa, E. W. Hill, J. Jurka, A. Kiialainen, G.
Lindgren, J. Liu, E. Magnani, J. R. Mickelson, J. Murray, S.
G. Nergadze, R. Onofrio, S. Pedroni, M. F. Piras, T. Raud-
sepp, M. Rocchi, K. H. Rged, O. A. Ryder, S. Searle, L. Skow,
J. E. Swinburne, A. C. Syvénen, T. Tozaki, S. J. Valberg, M.
Vaudin, J. R. White, M. C. Zody, Broad Institute Genome
Sequencing Platform, Broad Institute Whole Genome
Assembly Team, E. S. Lander, K. Lindblad-Toh, Genome
sequence, comparative analysis, and population genet-
ics of the domestic horse. Science 326, 865-867 (2009).

. G. Tamazian, S. Simonov, P. Dobrynin, A. Makunin, A.

Logachey, A. Komissarov, A. Shevchenko, V. Brukhin, N.
Cherkasov, A. Svitin, K. P. Koepfli, J. Pontius, C. A. Driscoll,
K. Blackistone, C. Barr, D. Goldman, A. Antunes, J. Quilez,
B. Lorente-Galdos, C. Alkan, T. Marques-Bonet, M. Menot-
ti-Raymond, V. A. David, K. Narfstrom, S. J. O'Brien, An-
notated features of domestic cat - Felis catus genome.
GigaScience 3, 13-15 (2014).

. C. E. Alvarez, Naturally occurring cancers in dogs: In-

sights for translational genetics and medicine. ILAR J. 55,
16-45 (2014).

. E. P. Murchison, D. C. Wedge, L. B. Alexandrov, B. Fu, I.

Martincorena, Z. Ning, J. M. Tubio, E. . Werner, J. Allen,
A. B. De Nardi, E. M. Donelan, G. Marino, A. Fassati, P. J.
Campbell, F. Yang, A. Burt, R. A. Weiss, M. R. Stratton,
Transmissible dog cancer genome reveals the origin and
history of an ancient cell lineage. Science 343, 437-440
(2014).

. C. A.Rebbeck, A. M. Leroi, A. Burt, Mitochondrial capture

by a transmissible cancer. Science 331,303 (2011).

. D. Dingli, M. A. Nowak, Cancer biology: Infectious tu-

mour cells. Nature 443, 35-36 (2006).

. N.Chanda, A. Upendran, E. J. Boote, A. Zambre, S. Axiak,

K. Selting, K. V. Katti, W. M. Leevy, Z. Afrasiabi, J. Vimal, J.
Singh, J. C. Lattimer, R. Kannan, Gold nanoparticle based
X-ray contrast agent for tumor imaging in mice and dog:
A potential nano-platform for computer tomography
theranostics. J. Biomed. Nanotechnol. 10, 383-392 (2014).

. M. Paoloni, C. Webb, C. Mazcko, D. Cherba, W. Hendricks,

S. Lana, E. J. Ehrhart, B. Charles, H. Fehling, L. Kumar, D.
Vail, M. Henson, M. Childress, B. Kitchell, C. Kingsley, S.
Kim, M. Neff, B. Davis, C. Khanna, J. Trent, Prospective
molecular profiling of canine cancers provides a clinical-
ly relevant comparative model for evaluating personal-
ized medicine (PMed) trials. PLOS ONE 9, €90028 (2014).

. L. A. Honigberg, A. M. Smith, M. Sirisawad, E. Verner, D.

Loury, B. Chang, S. Li, Z. Pan, D. H. Thamm, R. A. Miller, J.
J. Buggy, The Bruton tyrosine kinase inhibitor PCI-32765
blocks B-cell activation and is efficacious in models of
autoimmune disease and B-cell malignancy. Proc. Natl.
Acad. Sci. U.S.A. 107, 13075-13080 (2010).

. N. J. Roberts, L. Zhang, F. Janku, A. Collins, R. -Y. Bai, V.

Staedtke, A. W. Rusk, D. Tung, M. Miller, J. Roix, K. V.
Khanna, R. Murthy, R. S. Benjamin, T. Helgason, A. D.
Szvalb, J. E. Bird, S. Roy-Chowdhuri, H. H. Zhang, Y. Qiao,
B. Karim, J. McDaniel, A. Elpiner, A. Sahora, J. Lachowicz,
B. Phillips, A. Turner, M. K. Klein, G. Post, L. A. Diaz Jr., G. J.
Riggins, N. Papadopoulos, K. W. Kinzler, B. Vogelstein, C.
Bettegowda, D. L. Huso, M. Varterasian, S. Saha, S. Zhou,
Intratumoral injection of Clostridium novyi-NT spores in-
duces antitumor responses. Sci. Transl. Med. 6, 249ra111
(2014).

R.C.Lawrence, D.T. Felson, C. G. Helmick, L. M. Arnold, H.
Choi, R. A. Deyo, S. Gabriel, R. Hirsch, M. C. Hochberg, G.
G. Hunder, J. M. Jordan, J. N. Katz, H. M. Kremers, F. Wolfe,
National Arthritis Data Workgroup, Estimates of the
prevalence of arthritis and other rheumatic conditions
in the United States. Part Il. Arthritis Rheum. 58, 26-35
(2008).

D. J. Huey, J. C. Hu, K. A. Athanasiou, Unlike bone, carti-
lage regeneration remains elusive. Science 338, 917-921

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34,

35.

36.

37.

(2012).

S. Sutton, A. Clutterbuck, P. Harris, T. Gent, S. Freeman, N.
Foster, R. Barrett-Jolley, A. Mobasheri, The contribution
of the synovium, synovial derived inflammatory cyto-
kines and neuropeptides to the pathogenesis of osteo-
arthritis. Vet. J. 179, 10-24 (2009).

B. Arzi, E. R. Wisner, D. J. Huey, P. H. Kass, J. Hu, K. A. Atha-
nasiou, A proposed model of naturally occurring osteo-
arthritis in the domestic rabbit. Lab Anim. (NY) 41, 20-25
(2012).

S. Arnhold, S. Wenisch, Adipose tissue derived mes-
enchymal stem cells for musculoskeletal repair in vet-
erinary medicine. American journal of stem cells 4, 1-12
(2015).

M. J. Peffers, P. I. Milner, S. R. Tew, P. D. Clegg, Regulation
of SOX9 in normal and osteoarthritic equine articular
chondrocytes by hyperosmotic loading. Osteoarthritis
Cartilage 18, 1502-1508 (2010).

B. H. Dobkin, Curiosity and cure: Translational research
strategies for neural repair-mediated rehabilitation. Dev.
Neurobiol. 67, 11331147 (2007).

J. M. Levine, G. J. Levine, B. F. Porter, K. Topp, L. J. Noble-
Haeusslein, Naturally occurring disk herniation in dogs:
An opportunity for pre-clinical spinal cord injury re-
search. J. Neurotrauma 28, 675-688 (2011).

N. Safra, A. G. Bassuk, P. J. Ferguson, M. Aguilar, R. L.
Coulson, N. Thomas, P. L. Hitchens, P. J. Dickinson, K. M.
Vernau, Z.T. Wolf, D. L. Bannasch, Genome-wide associa-
tion mapping in dogs enables identification of the ho-
meobox gene, NKX2-8, as a genetic component of neural
tube defects in humans. PLOS Genet. 9, e1003646 (2013).
D. B. Cox, R. J. Platt, F. Zhang, Therapeutic genome ed-
iting: Prospects and challenges. Nat. Med. 21, 121-131
(2015).

F. Mantelli, M. Massaro-Giordano, I. Macchi, A. Lambi-
ase, S. Bonini, The cellular mechanisms of dry eye: From
pathogenesis to treatment. J. Cell. Physiol. 228, 2253~
2256 (2013).

C. J. Murphy, E. Bentley, P. E. Miller, K. McIntyre, G. Leath-
erberry, R. Dubielzig, E. Giuliano, C. P. Moore, T. E. Phillips,
P.B. Smith, E. Prescott, J. M. Miller, P.Thomas, R. Scagliotti,
D. Esson, T. Gadek, C. A. O'Neill, The pharmacologic as-
sessment of a novel lymphocyte function-associated
antigen-1 antagonist (SAR 1118) for the treatment of
keratoconjunctivitis sicca in dogs. Invest. Ophthalmol.
Vis. Sci. 52,3174-3180 (2011).

R. L. Kaswan, M. A. Salisbury, D. A. Ward, Spontaneous
canine keratoconjunctivitis sicca. A useful model for
human keratoconjunctivitis sicca: Treatment with cyclo-
sporine eye drops. Arch. Ophthalmol. 107, 1210-1216
(1989).

S. M. LaRue, S. J. Withrow, B. E. Powers, R. H. Wrigley, E.
L. Gillette, P. D. Schwarz, R. C. Straw, S. L. Richter, Limb-
sparing treatment for osteosarcoma in dogs. J. Am. Vet.
Med. Assoc. 195, 1734-1744 (1989).

S. J. Withrow, D. E. Thrall, R. C. Straw, B. E. Powers, R. H.
Wrigley, S. M. Larue, R. L. Page, D. C. Richardson, K. W. Bis-
sonette, C. W. Betts, D. J. Deyoung, S. L. Richter, V. J. Jame-
son, S. L. George, R. Dodge, E. L. Gillette, E. B. Douple,
Intra-arterial cisplatin with or without radiation in limb-
sparing for canine osteosarcoma. Cancer 71, 2484-2490
(1993).

B. Arzi, F. J. Verstraete, D. J. Huey, D. D. Cissell, K. A. Atha-
nasiou, Regenerating mandibular bone using rhBMP-2:
Part 1. Immediate reconstruction of segmental mandib-
ulectomies. Vet. Surg. 44, 403-409 (2015).

F. J. Verstraete, B. Arzi, D. J. Huey, D. D. Cissell, K. A. Atha-
nasiou, Regenerating mandibular bone using rhBMP-2:
Part 2. Treatment of chronic, defect Non-union fractures.
Vet. Surg. 44, 410-416 (2015).

R. Chinnadurai, S. Ng, V. Velu, J. Galipeau, Challenges in
animal modelling of mesenchymal stromal cell therapy

www.ScienceTranslationalMedicine.org 7 October 2015 Vol 7 Issue 308 308ps21 7

9T0Z ‘/2 lqueides uo /610 Bewisdus 19s wWis//:dny wol) pepeo jumoq


http://stm.sciencemag.org/

PERSPECTIVE

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

for inflammatory bowel disease. World J. Gastroenterol.
21,4779-4787 (2015).

E. de Bakker, B. Van Ryssen, C. De Schauwer, E. Meyer, Ca-
nine mesenchymal stem cells: State of the art, perspec-
tives as therapy for dogs and as a model for man. Vet. Q.
33,225-233(2013).

N. G. Singer, A. 1. Caplan, Mesenchymal stem cells: Mech-
anisms of inflammation. Annu. Rev. Pathol. 6, 457-478
(2011).

B. Arzi, A. Kol, B. Murphy, N. J. Walker, J. A. Wood, K. Clark,
F. J. Verstraete, D. L. Borjesson, Feline foamy virus ad-
versely affects feline mesenchymal stem cell culture and
expansion: Implications for animal model development.
Stem Cells Dev. 24, 814-823 (2015).

B. Arzi, B. Murphy, D. P. Cox, N. Vapniarsky, P. H. Kass, F.
J. Verstraete, Presence and quantification of mast cells
in the gingiva of cats with tooth resorption, periodon-
titis and chronic stomatitis. Arch. Oral Biol. 55, 148-154
(2010).

C. R. Burtner, B. C. Beard, D. R. Kennedy, M. E. Wohlfahrt,
J.E. Adair, G. D. Trobridge, A. M. Scharenberg, T. R. Torger-
son, D. J. Rawlings, P. J. Felsburg, H. P. Kiem, Intravenous
injection of a foamy virus vector to correct canine SCID-
X1. Blood 123, 3578-3584 (2014).

C. Hinderer, P. Bell, B. L. Gurda, Q. Wang, J. P. Louboutin, Y.
Zhu, J. Bagel, P. O’'Donnell, T. Sikora, T. Ruane, P. Wang, M.
E. Haskins, J. M. Wilson, Liver-directed gene therapy cor-
rects cardiovascular lesions in feline mucopolysacchari-
dosis type . Proc. Natl. Acad. Sci. U.S.A. 111, 14894-14899
(2014).

P. R. Fox, C. Basso, G. Thiene, B. J. Maron, Spontaneously
occurring restrictive nonhypertrophied cardiomyopathy
in domestic cats: A new animal model of human disease.
Cardiovasc. Pathol. 23, 28-34 (2014).

C. Hyun, L. J. Filippich, Molecular genetics of sudden car-
diac death in small animals: A review. Vet. J. 171, 39-50
(2006).

C. D. Hariu, D. H. Carpenter Jr, Arrhythmogenic right
ventricular cardiomyopathy in boxers. Compend Contin.
Educ. Vet. 32, E3 (2010).

S. Simpson, J. Edwards, R. D. Emes, M. A. Cobb, N. P. Mon-
gan, C. S. Rutland, A predictive model for canine dilated
cardiomyopathy: A meta-analysis of Doberman Pinscher

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

data. Peer J. 3, €842 (2015).

K.J.Freise, T.L. Lin, T. M. Fan, V. Recta, T. P. Clark, Evidence-
based medicine: The design and interpretation of nonin-
feriority clinical trials in veterinary medicine. J. Vet. Intern.
Med. 27,1305-1317 (2013).

L. Toews, The information infrastructure that supports
evidence-based veterinary medicine: A comparison with
human medicine. J. Vet. Med. Educ. 38, 123-134 (2011).
L. Dalgaard, Comparison of minipig, dog, monkey and
human drug metabolism and disposition. J. Pharmacol.
Toxicol. Methods 74, 80-92 (2015).

D. M. Vail, D. H. Thamm, H. Reiser, A. S. Ray, G. H. Wolf-
gang, W.J. Watkins, D. Babusis, I. N. Henne, M. J. Hawkins,
1. D. Kurzman, R. Jeraj, M. Vanderhoek, S. Plaza, C. Ander-
son, M. A. Wessel, C. Robat, J. Lawrence, D. B. Tumas, As-
sessment of GS-9219 in a pet dog model of non-Hodg-
kin’s lymphoma. Clin. Cancer Res. 15, 3503-3510 (2009).
P. J. R. Baneux, M. E. Martin, M. J. Allen, T. M. Hallman,
Issues related to institutional animal care and use com-
mittees and clinical trials using privately owned animals.
ILAR J. 55,200-209 (2014).

L. L. Black, J. Gaynor, D. Gahring, C. Adams, D. Aron, S.
Harman, D. A. Gingerich, R. Harman, Effect of adipose-
derived mesenchymal stem and regenerative cells on
lameness in dogs with chronic osteoarthritis of the
coxofemoral joints: A randomized, double-blinded, mul-
ticenter, controlled trial. Vet. Ther. 8, 272-284 (2007).

Y. Jiang, R. S.Tuan, Origin and function of cartilage stem/
progenitor cells in osteoarthritis. Nat. Rev. Rheumatol. 11,
206-212 (2015).

J. C. Patterson-Kane, T. Rich, Achilles tendon injuries in
elite athletes: Lessons in pathophysiology from their
equine counterparts. ILAR J. 55, 86-99 (2014).

J. L. Cook, Cranial cruciate ligament disease in dogs: Biol-
ogy versus biomechanics. Vet. Surg. 39, 270-277 (2010).
J. N. Lozier, T. C. Nichols, Animal models of hemophilia
and related bleeding disorders. Semin. Hematol. 50,
175-184(2013).

E.J. M. Mignot, History of narcolepsy at Stanford Univer-
sity. Immunol. Res. 58, 315-339 (2014).

L. E. Perryman, Molecular pathology of severe combined
immunodeficiency in mice, horses, and dogs. Vet. Pathol.
41,95-100 (2004).

60. Z.T.Wolf, H. A. Brand, J. R. Shaffer, E. J. Leslie, B. Arzi, C.
E. Willet, T. C. Cox, T. McHenry, N. Narayan, E. Feingold,
X.Wang, S. Sliskovic, N. Karmi, N. Safra, C. Sanchez, F. W.
Deleyiannis, J. C. Murray, C. M. Wade, M. L. Marazita, D.
L. Bannasch, Genome-wide association studies in dogs
and humans identify ADAMTS20 as a risk variant for cleft
lip and palate. PLOS Genet. 11, 1005059 (2015).

61. J. W. McGreevy, C. H. Hakim, M. A. McIntosh, D. Duan,
Animal models of Duchenne muscular dystrophy: From
basic mechanisms to gene therapy. Dis. Model. Mech. 8,
195-213 (2015).

62. N.M.Ellinwood, C. H.Vite, M. E. Haskins, Gene therapy for
lysosomal storage diseases: The lessons and promise of
animal models. J. Gene Med. 6, 481-506 (2004).

63. J. R. Mickelson, S. J. Valberg, The genetics of skeletal
muscle disorders in horses. Annu. Rev. Anim. Biosci. 3,
197-217 (2015).

64. M. Cerquetella, A. Spaterna, F. Laus, B. Tesei, G. Rossi, E.
Antonelli, V. Villanacci, G. Bassotti, Inflammatory bowel
disease in the dog: Differences and similarities with hu-
mans. World J. Gastroenterol. 16, 1050-1056 (2010).

65. A.E.Jergens, K.W. Simpson, Inflammatory bowel disease
in veterinary medicine. Front. Biosci. (Elite Ed.) 4, 1404-
1419 (2012).

Acknowledgments: The authors thank H. Kol for her graphi-
cal design support; K. Woolard, I. Schwab, T. Wiggins, B. Sturges,
A. D. Maggiore, S. Dandekar, J. Stondell, S. Sankaran, K. Kelley,
L. Gallupo, C. Lee, G. Farwell, K. Hayashi, K. Sun, and Jerry Hu for
contributing images; and L. Boxer at FDA for helpful comments.
Funding: We acknowledge funding from the NIH
(1R21DE024711-01), the Winn Foundation (201401555), the
Center for Companion Animal Health at UC Davis School of
Veterinary Medicine, and D. and C. Randall (for animal model
development and veterinary clinical trial support) (A.K., B.A.
and D.L.B.); CIRM, U.C. Davis Stem Cells training program; and
ARCS Foundation (A.K.).

10.1126/scitranslmed.aaa9116

Citation: A. Kol, B. Arzi, K. A. Athanasiou, D. L. Farmer, J. A.
Nolta, R. B. Rebhun, X. Chen, L. G. Griffiths, F. J. M. Verstraete, C.
J. Murphy, D. L. Borjesson, Companion animals: Translational
scientist’s new best friends. Sci. Transl. Med. 7, 308ps21 (2015).

www.ScienceTranslationalMedicine.org 7 October 2015 Vol 7 Issue 308 308ps21 8

9T0Z ‘/2 lqueides uo /610 Bewisdus 19s wWis//:dny wol) pepeo jumoq


http://stm.sciencemag.org/

Science Companion animals: Translational scientist's new best friends
Translational Amir Kol, Boaz Arzi, Kyriacos A. Athanasiou, Diana L. Farmer, Jan
Medicine A. Nolta, Robert B. Rebhun, Xinbin Chen, Leigh G. Griffiths, Frank
RAYAAAS J. M. Verstraete, Christopher J. Murphy and Dori L. Borjesson

(October 7, 2015)
Science Translational Medicine 7 (308), 308ps21. [doi:
10.1126/scitrand med.aaa9116]

Editor's Summary

The following resources related to this article are available online at http://stm.sciencemag.org.
Thisinformation is current as of September 27, 2016.

ArticleTools  Visit the online version of this article to access the personalization and
articletools:
http://stm.sciencemag.org/content/7/308/308ps21

Related Content The editors suggest related resources on Science's sites:
http://stm.sciencemag.org/content/scitransmed/7/303/303fs36.full
http://stm.sciencemag.org/content/scitransmed/4/163/163fs43.full
http://stm.sciencemag.org/content/scitransmed/4/150/150fs35.full
http://stm.sci encemag.org/content/scitransmed/6/242/242cm6.full
http://stm.sciencemag.org/content/scitransmed/2/33/33ps24.full
http://stm.sciencemag.org/content/scitransmed/7/310/310re9.full
http://stm.sciencemag.org/content/scitransmed/7/317/3171€3.full
http://stm.sciencemag.org/content/scitransmed/7/317/3171r3.full
http://stm.sciencemag.org/content/scitransmed/8/324/324ps5.full
http://stm.sciencemag.org/content/scitransmed/8/352/352ed12.full

Permissions  Obtain information about reproducing this article:
http://www.sciencemag.org/about/permissions.dtl

Science Trandational Medicine (print ISSN 1946-6234; online ISSN 1946-6242) is published
weekly, except the last week in December, by the American Association for the Advancement of
Science, 1200 New Y ork Avenue, NW, Washington, DC 20005. Copyright 2016 by the American
Association for the Advancement of Science; all rights reserved. Thetitle Science Trandlational

Medicine isaregistered trademark of AAAS.

9T0Z ‘/2 lqueides uo /610 Bewisdus 19s wWis//:dny wol) pepeo jumoq


http://stm.sciencemag.org/content/7/308/308ps21
http://stm.sciencemag.org/content/scitransmed/7/303/303fs36.full
http://stm.sciencemag.org/content/scitransmed/4/163/163fs43.full
http://stm.sciencemag.org/content/scitransmed/4/150/150fs35.full
http://stm.sciencemag.org/content/scitransmed/6/242/242cm6.full
http://stm.sciencemag.org/content/scitransmed/2/33/33ps24.full
http://stm.sciencemag.org/content/scitransmed/7/310/310re9.full
http://stm.sciencemag.org/content/scitransmed/7/317/317le3.full
http://stm.sciencemag.org/content/scitransmed/7/317/317lr3.full
http://stm.sciencemag.org/content/scitransmed/8/324/324ps5.full
http://stm.sciencemag.org/content/scitransmed/8/352/352ed12.full
http://www.sciencemag.org/about/permissions.dtl
http://stm.sciencemag.org/



