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Development of an Orthotopic Intrasplenic
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Sarcoma and Its Use in Evaluating the Efficacy

of Treatment with Dasatinib
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Canine histiocytic sarcoma is a highly aggressive and metastatic hematopoietic neoplasm that responds poorly to currently
available treatment regimens. Our goal was to establish a clinically relevant xenograft mouse model to assess the preclinical
efficacy of novel cancer treatment protocols for histiocytic sarcoma. We developed an intrasplenic xenograft mouse model
characterized by consistent tumor growth and development of metastasis to the liver and other abdominal organs. This model
represents the metastatic or disseminated form of canine histiocytic sarcoma, which is considered the most clinically chal-
lenging form of the disease. Transfection of tumor cells with a luciferase vector supported the use of in vivo bioluminescence
imaging to track tumor progression over time and to assess the response of this murine model to novel chemotherapeutic
agents. Dasatinib treatment of the mice with intrasplenic xenografts decreased tumor growth and increased survival times,
compared with mice treated with vehicle only. Our findings indicate the potential of dasatinib for the treatment of histiocytic
sarcoma in dogs and for similar diseases in humans. These results warrant additional studies to clinically test the efficacy of

dasatinib in dogs with histiocytic sarcoma.

Abbreviations: BLI, noninvasive bioluminescence imaging; HS, histiocytic sarcoma; IVIS, in vivo imaging system
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Canine histiocytic sarcoma (HS), historically called malignant
histiocytosis, is a highly aggressive hematopoietic neoplasm of
malignant cells of dendritic cell lineage. Although rare (fewer
than 1% of all cancers),® several dog breeds are highly predis-
posed to HS, including Bernese mountain dogs (more than 25%
of the population),'"° flat-coated retrievers,'*2 golden retrievers,
and Rottweilers.?”* Canine HS most frequently develops in the
spleen, lymph nodes, liver, lung, and bone marrow,>* where it
progresses rapidly, disseminating to multiple organs in 70% to
91% of cases.”>*3 Due to the lack of effective options for treat-
ment, patients respond poorly to available protocols, resulting
in survival times that range from a few weeks to 3 mo.!#?%

Studies by our group using HS cell lines in culture have in-
dicated dasatinib as a potential treatment option for dogs with
HS.* Other research groups shared similar results after test-
ing dasatinib in HS cell lines"” and in a subcutaneous xenograft
mouse model of HS." Dasatinib is a tyrosine kinase inhibitor of
multiple targets including SRC family kinases (SRC, LCK, YES,
and FYN). This drug is approved for people with Philadelphia
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chromosome-positive chronic myeloid leukemia or acute lym-
phoblastic leukemia.* The efficacy of dasatinib in dogs and hu-
mans with HS is unknown.

Human HS is a similar and equally aggressive malignancy
to canine HS and is extremely rare, accounting for less than 1%
of all hematopoietic neoplasms.’** In humans, HS is associated
with a poor prognosis and a survival time of less than 1 y.*
Human HS may present as a localized disease that is treatable
with surgical resection or radiation therapy; however, it typi-
cally presents at an advanced stage that involves multiple or-
gans, including lymph nodes, the gastrointestinal tract, spleen,
and lungs.'**% Patients with disseminated disease have a poor
prognosis due to limited response to available treatments.'®
Studies to identify more effective therapeutic approaches are
warranted, but given the low incidence of HS in humans, re-
search progress is slow. Dogs are the only species that spontane-
ously develops a similar form of HS at an appreciable frequency,
thus representing an important translational model for this rare
disease in humans.

Xenograft mouse models are important tools to evaluate the
in vivo response to novel cancer therapeutic interventions. Al-
though no human HS xenograft model has been reported in
the literature to date, xenograft models of subcutaneous canine
HS were successfully established in 2 studies, but neither of
these models developed metastatic disease.>* Other authors
described a xenograft model that presented as disseminated
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disease when canine HS cells were injected intravenously into
SCID mice.”” Although this model mimicked metastatic behav-
ior, the study included only 3 mice, and an effective method for
tracking tumor progression over the course of the study was not
described, thus limiting the model’s applicability.

The goal of our current study was to establish a clinically rel-
evant animal model of HS by transplanting cells derived from
an HS neoplasm in a Bernese mountain dog into immunodefi-
cient mice and to test the utility of the resulting mouse model
in evaluating the treatment efficacy of novel drugs. We first
report an interesting phenomenon of spontaneous regression
of subcutaneous xenograft tumors in mice, which was associ-
ated with necrosis and an inflammatory process enriched with
a neutrophilic population. However, after injecting the HS cells
into a more orthotopic site, the spleen, we observed consistent
tumor growth and development of metastasis to the liver and
neighboring organs. Using HS cells transfected with a luciferase
vector allowed us to perform studies in fewer mice per group
and to follow in detail the growth and distribution of tumors in
this model. In addition, the intrasplenic xenograft model was
suitable to assess response to therapy, showing a promising re-
sponse to dasatinib, a multikinase inhibitor, previously reported
by our group and others as a potential approach for treating
canine HS.17:183

Our orthotopic intrasplenic xenograft model recapitulates an
aggressive, metastatic form of HS and is a useful tool for predict-
ing the efficacy of cancer agents. This model provides valuable
preclinical information regarding novel treatment approaches
for canine HS that can translate to similar diseases in humans.

Materials and Methods

Cell culture establishment. The BD cell line originated from
an HS neoplasm of a Bernese mountain dog. A comprehensive
characterization of this cell line was recently reported by our
group.* Briefly, to isolate tumor cells for cell culture, a sam-
ple of tumor tissue was minced by using a surgical blade and
placed in 1% collagenase (catalog no. C9891, Sigma, St Louis,
MO) in complete medium for disaggregation. After incubation
for at least 1 h, the collagenase-containing solution was thor-
oughly washed away by using PBS, and tumor-derived cells
were plated in RPMI 1640 (catalog no. 11875-093, ThermoFisher,
Waltham, MA) supplemented with 10% heat-inactivated fetal
bovine serum (catalog no. 10100147, ThermoFisher), 1% 100x
antibiotic-antimycotic solution (catalog no. 10378016, Thermo-
Fisher), and 0.1% gentamycin (catalog no. 15710064, Thermo-
Fisher) and incubated at 37 °C in 5% CO,.

Transfection of cancer cells with a luciferase expression vec-
tor. BD cells from cryopreserved vials from early passages were
transfected with a luciferase expression vector to enable cell
tracking by noninvasive bioluminescence imaging (BLI). Briefly,
cells were incubated with vector pGL4.51 (luc2/CMV /Neo;
catalog no. E1320, Promega, Madison, WI) and Lipofectamine
2000 reagent (catalog no. 11668027, ThermoFisher) for a max-
imum of 48 h. Transfected cells were selected by using G418
(140 pg/mL; Geneticin, ThermoFisher) for 10 d. Transfection ef-
ficacy was evaluated in vitro, where bioluminescence signal was
detected in a population of as few as 12,500 cells. BD cells stably
transfected with the luciferase vector are hereafter referred to as
‘BD-luc cells’.

Harvesting HS cells from culture for injection into mice. To
maximize their viability, cultured HS cells were given fresh
complete media on the day before surgery and, for injection,
were harvested during exponential growth (that is, approxi-
mately 70% to 80% confluency). BD-luc cells in complete media
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were mixed 1:1 with Matrigel (catalog no. CB-40234C, Corning,
Corning, NY) to final concentrations of 1 x 10® cells/mL (1 x 10”
cells per 100 pL) and 2 x 107 cells/mL (1 x 10° cells per 50 pL) for
subcutaneous and intrasplenic injection, respectively, and kept
on ice until use. HS cells were prepared for injection as close as
possible to the time of injection.

Subcutaneous xenograft mouse model. At 1 d prior to surgery,
hair was removed from the right rear flanks of anesthetized
female NOD scid y mice (n = 5; age, 7 wk; NOD.Cg-Prkdcs
[12rg'™Wil/Sz], The Jackson Laboratory, Bar Harbor, ME) by us-
ing depilatory cream (Nair, Church and Dwight, Ewing, NJ). A
total of 100 uL of cell suspension containing 10 x 10° BD-luc cells
was inoculated subcutaneously into the right rear flank of each
anesthetized mouse by using a syringe with a 25-gauge needle.
Weekly noninvasive BLI and biweekly caliper measurements
were performed to monitor tumor growth. All animal studies
were performed in accordance with institutional guidelines and
were approved by the IACUC at Michigan State University.

Intrasplenic orthotopic xenograft mouse model. For the in-
trasplenic xenograft model, hair was removed from the left
thoracic and abdominal area of immunodeficient female NOD
scid y anesthetized mice (n = 10; age, 6 wk; NOD.Cg-Prkdcs
112rg'™"i /Sz], The Jackson Laboratory) by using depilatory
cream (Nair, Church and Dwight). The following day, mice were
anesthetized, and BD-luc cells were injected into the spleen
through a laparotomy approach.

Description of the surgical procedure for intrasplenic injec-
tion. A class II type A2 biologic safety cabinet was used for all
procedures. Sterile drapes were placed over the working areas
to help maintain a clean environment (Figure 1 A). Mice were
anesthetized by using isoflurane. Initially animals were placed
inside a small anesthesia induction chamber in which the per-
centage of isoflurane was as high as 4% in 0.8 L/min oxygen;
for maintenance, mice were placed in right lateral recumbency
over a heating pad at the nose cone of a nonrebreathing circuit
providing 1.5% to 2.0% isoflurane (Figure 1 C). Eye ointment
was applied to avoid dryness, and a rectal probe was placed to
monitor body temperature during surgery.

The surgical site was aseptically prepared by using 3 rounds
of alternating sterile solutions (saline, 4% chlorhexidine glu-
conate, and 10% povidone—iodine solution) and covered with
a sterile paper drape. The skin was incised (approximately 1
cm) at the level of the spleen by using a no. 15 scalpel blade
and by lifting the skin with forceps to avoid damaging under-
neath structures (Figure 1 D). At this point, the spleen appeared
through the translucent abdominal wall as a dark-colored linear
structure.

The abdominal wall was incised by using scissors at the level
of the spleen, which was partially exteriorized by gently pull-
ing on the underlying fat (Figure 1 E and F). When necessary, a
cotton-tipped swab was used to push the stomach cranially to
better expose the spleen. Warm sterile saline solution was ap-
plied to keep the spleen moist.

The tumor cell suspension, which was kept on ice, was gently
homogenized, and a total volume of 50 puL containing 1 x 10°
BD-luc cells was mixed 1:1 with Matrigel (Corning) was loaded
into a 30-gauge insulin syringe (catalog no. 328411, Becton
Dickinson). he syringe needle was inserted into the lower pole
of the spleen cranially (about 0.3 to 0.4 mm; Figure 1 G), and the
contents were slowly discharged as the needle was pulled out
caudally. Once the cell injection was complete, the needle was
slowly removed, and a small amount of absorbable hemostasis
material (catalog no. 1961, Surgicel Fibrillar, Ethicon, Somer-
ville, NJ) was placed over the injection site and pressed with a
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Figure 1. Surgical procedure for intrasplenic injection of cells through a laparotomy approach. (A and B) An aseptic field is prepared for surgical
procedures and postoperative monitoring. The mouse is positioned in right lateral recumbency under gas anesthesia (2% to 4% isoflurane). (D
through F) The spleen is accessed through a skin incision made by using a surgical blade, followed by access into the abdominal musculature
by using surgical scissors. (G) A total of 1 x 10° BD-luc cells is injected into the spleen by using a 30-gauge insulin syringe, and (H) absorbable
hemostasis material is placed over the site of injection. (I) The spleen expands and appears light in color after delivery of the cell suspension.

cotton-tipped swab to ensure adequate hemostasis (Figure 1 H
and I).

The spleen was gently pushed back into the abdominal cavity,
and the incision closed in 2 layers (abdominal wall and skin) by
using 5-0 absorbable suture (catalog no. PDP303, PDS II Plus,
Ethicon) in a simple interrupted pattern. To prevent loss of flu-
ids, 300 pL of warm saline solution was given subcutaneously
in the dorsal region. Mice were placed inside sterile cages over
water blankets for recovery, until they were mobile and breath-
ing regularly (Figure 1 B).

For analgesia, preoperative medication consisting of bu-
prenorphine (0.05 mg/kg SC) and meloxicam (1 mg/kg SC)
was administered about 20 min prior to surgery. Postoperative
analgesia included buprenorphine (0.05 mg/kg SC twice daily)
and meloxicam (1 mg/kg SC daily) y for 48 h. Mice were moni-
tored daily and their behavior and health assessed, as described
in the next section.

Treatment protocol and health assessment. At 15 d after cell
injection, mice were randomly divided into 2 treatment groups
of 5 mice each. Mice were treated daily with either dasatinib
(30 mg/kg IP; catalog no. 11498, Cayman) or vehicle (10%
B-cyclodextrin, catalog no. 16169, Cayman). The dasatinib treat-
ment protocol was based on a previous study,” where 30 mg/kg
IP was well tolerated with minimal side effects in mice. Be-
cause the HS neoplasms grew internally, tumor progression
was monitored by using noninvasive BLI biweekly, and health
was assessed as changes in hair coat, eyes, and posture to indi-
cate internal changes in the animal. Campus Animal Resources
veterinary and animal care staff monitored the health of each
mouse daily. Mice were euthanized as soon as they reached any
of the following humane endpoints: abnormal bodily function
(that is, difficulty in ambulation, eating, drinking, defecation,
or urination); labored breathing; decreased or abnormal move-
ment; hypothermia (cool to the touch); self-mutilation; weight
loss greater than 15%; abnormal posture; and abnormal hair
coat. Animals were euthanized when humane end points were
reached or at 65 d after the injection of tumor cells.

In vivo BLI. Noninvasive BLI (IVIS Spectrum, Perkin Elmer,
Hopkinton, MA) was used to monitor tumor growth and me-
tastasis. Mice were injected with p-luciferin (150 mg/kg IP;
LUCK-100, GoldBio, St Louis, MO) and anesthetized (2% to
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2.5% isoflurane). Images were acquired at 15 min after admin-
istration of D -luciferin. Bioluminescent radiance (photons/s/
cm?/sr) from the region of interest of each animal was analyzed
by using Living Image software (Perkin Elmer).

Histopathology of mouse tissues. Tissues from mice were fixed
in 10% formalin for 24 h and transferred to 70% ethanol until
embedded in paraffin. For each mouse, a single representative
section of an organ of interest was stained with hematoxylin
and eosin. For immunohistochemistry, sections from the paraf-
finated blocks were deparaffinized in xylene and rehydrated in
ethanol at various concentrations; 3% hydrogen peroxide was
used to neutralize endogenous peroxidase. Antigen retrieval of
formalin-fixed, paraffin-embedded tissues was performed by
using PT Link (Dako, Agilent, Santa Clara, CA) and EnVision
FLEX Target Retrieval Solution (low pH; Dako) for 20 min. Sec-
tions were labeled with a monoclonal antibody against CD204
(KT022, clone SRA-E5, TransGenic, Kobe, Japan) by using an
Autostainer Link 48 and the EnVision Flex+ detection system
(Dako). Immunoreaction was visualized by using 3,3’diamino-
benzidine substrate (Dako), and sections were counterstained
with hematoxylin. Images were acquired as brightfield images
under a 10x dry objective (model H600L microscope, Nikon,
Tokyo, Japan). The images were displayed and analyzed by us-
ing NIS Elements AR 3.1 software (Nikon). Histopathology was
assessed by a board-certified veterinary pathologist (SC).

Results

Subcutaneous xenograft HS neoplasms. On day 15 after sub-
cutaneous injection of HS cells, there was evidence of tumor
growth, according to initial increases in the BLI signal and tu-
mor volume (Figure 2 A). All 5 mice developed a palpable sub-
cutaneous tumor in the right flank, which reached a volume of
100 mm?® volume at 27 and 30 d after injection. However, after
a peak in growth, the BLI signal suddenly declined and tumor
volume decreased (Figure 2 B). This phenomenon was associ-
ated with the skin overlying or adjacent to the tumors becoming
progressively dark brown to red, followed by ulceration and
formation of a firm, serocellular crust (Figure 2 C).

By day 42 after injection, the BLI signal was minimal, and
tumors had shrunk dramatically. Histologically, all tumors
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Figure 2. Subcutaneous xenograft tumors in mice showed spontaneous regression beginning 29 d after injection. (A) Increasing tumor growth
based on average bioluminescent signal (black line) and total volume (orange line) was observed until days 22 and 29 after injection, respec-
tively. Thereafter, spontaneous regression—represented as a rapid decline in these 2 parameters—occurred over time. Error bars, SEM. (B)
Representations of the decrease in bioluminescence signal observed at day 36 after a peak of signal on day 22. (C) Images on day 30 showing the
initial development of firm scar tissue (left) and an ulceration (black scar) covering most of the tumor (right). (D) Histiocytic sarcoma within the
superficial dermis and subcutis. The overlying epidermis is ulcerated, and the surrounding superficial dermis is necrotic (left panel, hematoxylin
and eosin stain). Neoplastic cells within the subcutaneous tumors show strong positive cytoplasmic immunoreactivity for CD204 (right panel).
Tissue adjacent to tumor cells was negative for neutrophilic inflammation.

demonstrated necrosis and neutrophilic inflammation, albeit to
different degrees. Skin lesions developed secondary to tumor
growth within the superficial dermis, leading to neutrophilic
inflammation and ulceration of the overlying epidermis (Figure
2 D). None of the mice presented any clinical signs related to
tumor formation or regression.

Tumor growth and metastasis in the intrasplenic xenograft HS
model. All 10 of the mice injected intrasplenically yielded a de-
tectable BLI signal from day 3 after injection onward. BLI sig-
nals were detected mainly in the hypogastric region of the mice,
where the spleen is located. The signal increased consistently
over time for at least 27 d after injection, and mice were eutha-
nized as the predetermined humane endpoints were reached.

At necropsy, the majority of the splenic parenchyma was
replaced by a firm, tan to white mass (diameter, 1 to 1.5 cm).
The liver was enlarged with rounded edges and contained
numerous pinpoint tan foci on the capsular and cut surfaces,

suggestive of metastatic disease (Figure 3 A). In accordance
with the macroscopic findings, postmortem BLI analysis of
mice showed signals in the liver and lungs (Figure 3 A). Histo-
logically, HS metastases were present in the spleen and liver and
were characterized by diffuse infiltrates of highly pleomorphic
neoplastic histiocytic cells, with marked anisocytosis, anisokary-
osis, and numerous multinucleated cells (Figure 3 B).

Dasatinib treatment of intrasplenic xenograft HS mice. Treat-
ment with either dasatinib or vehicle was initiated at 15 d after
injection. Biweekly BLI images showed a lower rate of signal
increase in mice treated with dasatinib when compared with un-
treated mice, and the values of each group differed significantly
(P =0.002, Student ¢ test; Figure 3 C and D). The BLI signal from
control, vehicle-treated mice often decreased as the endpoint
neared; this effect is related to poor vascularization as tumor
gets larger, thus limiting the substrate and oxygen that generate
the bioluminescent signal.”?
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Figure 3. Intrasplenic xenograft model showed consistent tumor growth, thus enabling evaluation of the efficacy of treatment with dasatinib. (A)
Intrasplenic xenograft mice developed a large tumor in the spleen, with metastasis to liver and lungs. Tumors were visible on necropsy and through
ex vivo bioluminescence imaging. (B) Images of hematoxylin-and-eosin (H&E)-stained tumors in the spleen and liver, and tumor cells were posi-
tive for CD204. (C) Mice treated with dasatinib had a significantly (P = 0.002, Student ¢ test) lower rate of tumor growth, when compared with
untreated mice; (D) in the graph, the thick lines represent the mean values of each group. (E) Kaplan-Meier survival curves show that mice treated
with dasatinib survived twice as long as untreated mice, and this difference in survival is statistically significant (P = 0.0016, Mantel-Cox test).

Treatment with either dasatinib or vehicle continued until
mice reached predetermined endpoints, when they were eutha-
nized. Whereas control mice reached these endpoints on day 27
(n=4) and day 30 (1 = 1) after injection, mice treated with dasatinib
were euthanized due to poor health on days 61 (n = 1), 62 (n = 2),
and 65 (n = 2). Kaplan-Meier survival time (Figure 3 E) was
significantly (P = 0.0016, Mantel-Cox test) longer in mice treated
with dasatinib than in vehicle-only control mice.

Metastatic lesions were present in all mice. However, the
extent of metastatic disease could not be compared between
treatment groups, because animals were euthanized at differ-
ent time points throughout the study, when humane endpoints
were reached and when disease was at an advanced stage.

Discussion
Xenograft mouse models are an important preclinical tool for
the evaluation of novel drug treatment approaches. However,
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establishing a model with clinical relevance can be challenging
in regard to the site of implantation and the effects of the sur-
rounding microenvironment on tumor growth. We observed an
interesting phenomenon in the subcutaneous xenograft mice, in
which tumors regressed spontaneously after a peak of growth.
The regressed tumors showed various degrees of necrosis and
neutrophilic inflammation but no signs of infection. We hypoth-
esize that neovascularization was insufficient to support the
rapid tumor growth, leading to ischemic necrosis and trigger-
ing an innate immune system response. Similar findings were
reported when breast cancer cells were injected subcutaneously
in mice, resulting in necrosis; the phenomenon was prevented
when cells were injected into the mammary fat pad, which is
considered a more orthotopic site.”® The injection of tumor cells
into orthotopic sites has been shown to produce xenograft mod-
els more efficiently and with a higher ‘take rate’ than ectopic
injections (72% to 90% compared with 3% to 58%).515212632
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Spontaneous tumor regression is a biologic phenomenon fre-
quently observed in canine cutaneous histiocytoma, a benign
form of histiocytic disorder of Langerhans cells that forms in the
superficial dermis to epidermis and that typically affects dogs
younger than 3 y.* The regression of cutaneous histiocytoma is
associated with lymphocytic infiltration and necrosis of tumor
histiocytes.® Infiltration by cytotoxic T lymphocytes that medi-
ate the lysis of neoplastic cells has been postulated as a mecha-
nism of tumor regression.” In contrast, tumor regression in our
xenograft model was associated with neutrophilic infiltration,
suggesting that the mechanism in the mice may be distinct from
that of canine histiocytoma, although the mechanisms of tumor
regression are not yet fully understood.

Our intrasplenic xenograft mouse model represents an or-
thotopic model for HS, providing consistent tumor growth in
all 10 of the mice in the current study and in a recently pub-
lished study.* Additional studies in our laboratory with a larger
number of mice (1 = 60) injected intrasplenically with HS BD-
luc cells demonstrated a high level of reproducibility for this
model, with consistent 100% tumor take and growth rates (data
not shown). Importantly, splenic tumors had the capability
to metastasize to other organs, including the liver and lungs,
thus indicating that our intrasplenic xenograft model mimics a
metastatic—disseminated form of HS, which is considered to be
the most clinically challenging form and refractory to available
treatment options. Similarly, other authors showed that intra-
splenic injection of colon cancer cells resulted in large splenic
tumors and liver micrometastasis in more than 50% of cases.*

Dasatinib is a potent in vitro inhibitor of HS cells derived
from Maltese, Shetland sheepdogs, flat-coated retrievers, and
golden retrievers'” and, more recently, of HS cells from a Ber-
nese mountain dog.* We successfully recapitulated our in vitro
findings regarding dasatinib by using our intrasplenic xeno-
graft mouse model. Mice with intrasplenic xenograft HS and
treated with dasatinib had significant (P = 0.002) suppression of
tumor growth. More importantly, mice treated with dasatinib
had a significant (2-fold, P = 0.0016) increase in survival time
when compared with mice treated with vehicle only. Our results
confirm previously reported findings indicating that dasatinib
effectively inhibits tumor growth in subcutaneous xenograft
mice models of canine HS."™ Dasatinib is a multityrosine kinase
inhibitor that targets the SRC family kinases (SRC, LCK, YES,
and FYN) and has been approved for people with Philadelphia-
chromosome—positive chronic myeloid leukemia or acute lym-
phoblastic leukemia.*! The efficacy of dasatinib in human HS is
unknown. In dogs, reports of dasatinib use are limited to 2 stud-
ies, where it was used to treat a total of 4 dogs with osteosarcoma.
A dasatinib dose of 0.75 mg/kg PO was administered daily for 6.5
to 25 mo and was considered safe and well tolerated.”?

In conclusion, we established an intrasplenic xenograft model
of HS; our model represents a clinically relevant model of an
aggressive form of HS and permits the study of novel treatment
approaches. Furthermore, our findings indicate that dasatinib is
a potential treatment for canine HS and similar human diseases.
Additional studies, including proof-of-concept clinical trials
testing the efficacy of dasatinib in canine HS are warranted. Al-
though such clinical trials may be highly costly in dogs (a daily
dose of dasatinib for adult humans is estimated to cost US$450),
these studies may be justified as translational research and rel-
evant for both dogs and humans.
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