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Abstract Objectives The aim of this study was to evaluate the safety and collect pilot data
measuring clinical effects of intravenously administered, adipose-derived, culture-
expanded, allogeneic mesenchymal stem cells in dogs with elbow osteoarthritis.
Materials and Methods Dogs (n ¼ 13) with naturally occurring elbow osteoarthritis
received three intravenous doses of allogeneic canine mesenchymal stem cells via an
open-label clinical trial. Primary outcome measures collected over a 6-month study
period included objective gait analysis, accelerometry, owner questionnaires and joint
fluid analysis.
Results No acute adverse events were observed following repeated intravenous
treatment with allogeneicmesenchymal stem cells. A significant improvement inmean
client-specific outcome measure (CSOM) activity score and CSOM behaviour score was
observed when pre-treatment values were compared with post-treatment values (day
>28). In contrast, mean peak vertical force significantly decreased from baseline to
post-treatment (>day 28). Weekly activity counts did not show a significant difference
between baseline to post-treatment time points. Synovial fluid biomarkers did not
change during treatment, and labelledmesenchymal stem cells were rarely detected in
synovial fluid samples collected after mesenchymal stem cell administration.
Clinical Significance For dogs with naturally occurring elbow osteoarthritis, intrave-
nous administration of mesenchymal stem cells was clinically well tolerated. While
some subjective outcome measures showed significant improvements, objective
outcome measures did not confirm similar changes. Further research is needed before
intravenous mesenchymal stem cells can be recommended as a treatment for elbow
osteoarthritis in dogs.
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Introduction

Osteoarthritis is one of the most common joint disorders in
humans and dogs. Current treatment protocols may have
suboptimal efficacy and undesirable side effects such as
gastrointestinal toxicity, renal dysfunction and cardiovascu-
lar disease.1 The limited ability of cartilage to repair may
occur because endogenous stem cell populations become
depleted or functionally altered during osteoarthritis, which
results in a significant decrease in chondrogenic differentia-
tion potential of these cells.2Abnormal endogenous stem cell
function and increased susceptibility to degradative stimuli
may occur in response to elevated levels of inflammatory
cytokines in the joint.3

Non-steroidal anti-inflammatory drugs are often used in
the management of osteoarthritis but do not necessarily
improve joint function or slow disease progression.4 Thus,
there has been growing interest in the use of biological
therapiessuchasmesenchymal stemcells for themanagement
of osteoarthritis in dogs, horses and humans. Treatment with
mesenchymal stem cells has been reported to improve
osteoarthritis through a variety of mechanisms by reducing
the production of pro-inflammatory cytokines,5,6 stimulating
endogenous stem cell populations7 and producing factors to
slow osteoarthritis progression in the short term.8

Administration of culture-expanded, autologous, adi-
pose- or bone marrow-derived mesenchymal stem cells by
intra-articular injection is the most commonly reported
regenerative treatment protocol for canine osteoarthri-
tis.9–11 Anaesthesia or sedation is often required to perform
intra-articular mesenchymal stem cell administration. For
animals with multiple arthritic joints, intra-articular injec-
tions can be time-consuming and costly. Moreover, synovial
fluid from arthritic joints is reported to be cytotoxic to
cultured mesenchymal stem cells.12

Mesenchymal stem cells can exert systemic anti-inflamma-
tory effects following intravenous administration in animal
models and in humans with inflammatory disorders.13 In
addition, mesenchymal stem cells can migrate to sites of
inflammation in response to chemokines such as stromal cell-
derived factor 1 (SDF-1).14 These anti-inflammatory effects are
generated by both autologous and allogeneic mesenchymal
stem cells.7 Repeated delivery of fresh, culture-expanded, allo-
geneic mesenchymal stem cells is safe in other species.15,16

Accordingly, anopen-labelclinical trialof intravenousallogeneic
canine mesenchymal stem cells for the treatment of naturally
occurring elbow osteoarthritis was conducted. This study was
designed to evaluate safety and gather preliminary data regard-
ing the efficacy of systemicmesenchymal stem cell administra-
tion as a novel approach to treat osteoarthritis in dogs.

Materials and Methods

Study Protocol
Animal protocols were approved by the Institutional Animal
Care and Use Committee and the Clinical Review Board at
Colorado State University. No incentive for participation in
the study was provided; however, all cost associated with

enrolment, administration of stem cells and data acquisition
was covered by the study. Client-owned dogs were evaluated
by a board-certified orthopaedic surgeon at the enrolment
visit (day �28), and dogs with Grade 3 or greater lameness
(Grade 0 ¼ normal; Grade 1 ¼ intermittent lameness when
trotting, normal at walk; Grade 2 ¼ consistent lameness
when trotting, intermittent lameness noted at walk; Grade
3 ¼ consistent lameness when walking; Grade 4 ¼ toe
touching lameness; Grade 5 ¼ non-weight bearing lame-
ness) attributable to elbow osteoarthritis were eligible for
inclusion. Inclusion criteria were defined as body weight
greater than 15 kg, consistent lameness for a minimum of
four consecutive weeks immediately prior to enrolment,
radiographic evidence of elbow osteoarthritis at the enrol-
ment visit (based on interpretation and subjective grading by
a board-certified radiologist as mild, moderate, or severe)
and enrolment visit Canine Brief Pain Inventory (CBPI) values
for pain severity score (PSS) and pain interference score (PIS)
of greater than or equal to two.17 If receiving osteoarthritis
management at the time of enrolment, patients must have
received a consistent osteoarthritis management protocol
for 4 consecutiveweeks immediately prior to enrolment, and
owners had to agree to continue the same protocol through-
out the study period. Exclusion criteria were defined as any
intra-articular treatment or use of corticosteroids in the past
3 months, orthopaedic surgical treatment in the past 6
months, concurrent disease for which medications were
currently prescribed that would interferewith osteoarthritis
therapy, neurological disease (e.g. conscious proprioception
deficits or visible ataxia affecting gait analysis), other ortho-
paedic disease causing pain or lameness and inflammatory
arthropathies (i.e. autoimmune arthritis and infectious
arthritis). Dogs with osteoarthritis in multiple joints were
eligible for enrolment as long as the elbow joint was themost
clinically affected. All dogs were required to wear a neck
collar 24 hours a day and 7 days a week for attachment of an
accelerometer. Lastly, the owners agreed to keep a daily
activity and medication log and complete owner question-
naires throughout the study period. Dogs were required to
discontinue non-steroidal anti-inflammatory drug therapy
for 2 weeks prior to enrolment and could not receive non-
steroidal anti-inflammatory drug therapy throughout the
study period unless required for rescue/humane purposes.
All study time points and outcome measures included are
listed in ►Fig. 1 and described below in detail.

Mesenchymal Stem Cell Culture, Characterization and
Administration Protocol
Mesenchymal stem cells were derived from adipose tissue
collected fromthe inguinal regionof10anesthetized,purpose-
bred research dogs used in a veterinary teaching laboratory. At
the time of adipose tissue collection, the dogs underwent PCR
and serological testing for infectious diseases: Anaplasma
phagocytophilum, Anaplasma platys, Borrelia burgdorferi, Dir-
ofilaria immitis, Ehrlichia canis, and Ehrlichia ewingii and
Hemoplasma spp., Ehrlichia spp., Bartonella spp., and Rickettsia
spp. In addition, a haematology and serum chemistry profile
were obtained. Adipose tissue was utilized if donors were
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negative for infectious disease and bloodwork was unremark-
able. Adipose tissuewasminced, cryogenically preserved until
use, then thawed and collagenase-digested. The stromal vas-
cular fraction was plated for expansion of mesenchymal stem
cells as described previously.18 Mesenchymal stem cells were
harvested at passages three to five, washed, assessed for
viability and administered within 30 minutes of harvesting.
Mesenchymal stem cells were monitored for sterility via in
housecultures foraerobicbacteria, fungiandmycoplasma.The
cell surface phenotype of the mesenchymal stem cells was
determinedviaflowcytometry (Gallios FlowCytometer; Beck-
man Coulter, Inc., Brea, California, United States).19 Tri-lineage
differentiation of canine adipose derived mesenchymal stem
cells was performed on three samples of adipose-derived
mesenchymal stem cells processed as described above utiliz-
ing the StemPro Adipogenesis Differentiation Kit, the Chon-
drogenesis Differentiation Kit and the Osteogenesis
Differentiation Kit (Life Technologies Corp.), according to
manufacturer’s instructions. Light microscopywas performed
to confirm staining of osteogenic, adipogenic and chondro-
genic cells (Olympus CKX41). Phenotyping of these samples to
confirm the presence of common stem cell markers was
performed as previously described20 and the cells were con-
firmed to be positive for stem cell markers CD44, CD90 and
CD105 and negative for haematopoietic stem cell markers
CD45 and CD34. Subsequent cultures were considered to be
mesenchymal stem cells based on commonly utilized proper-
ties of adherence to plastic and uniform fibroblastic pheno-
type.20 Dogs received three intravenous infusions of
mesenchymal stem cells, administered at 2-week intervals,
via a peripheral vein catheter over 10 to 20 minutes. The dose
ofmesenchymal stemcells administeredwas1 to2 � 106 cells
per kilogram body weight. Mesenchymal stem cells were
resuspended in 10 to 20 mL Dulbecco’s phosphate buffered
saline (Dulbecco’s Phosphate Buffered Saline; Sigma-Aldrich
Co., St. Louis,Missouri, United States) (DPBS) containing 200 IU
of heparin sulphate per 10 mL DPBS to prevent cell clumping.
Animals were monitored closely for any complications during
cell administration and for 20 minutes post-infusion, and
owners were advised to supervise their dogs after discharge
for adverse events.

Synovial Fluid Collection, Preparation and Cytokine
Analysis
Synovial fluid was collected via a 22-gauge needle from the
medial aspect of the affected elbow joint after sterile prep of
the skin surface. Fluid samples underwent cytological eva-
luation by a board-certified clinical pathologist. Slides were
stained with haematoxylin and eosin and graded according

to degree of inflammation. Supernatantswere collected from
centrifuged synovial fluid and stored at –80°C prior to
analysis. Previously validated commercial enzyme-linked
immunosorbent assays specific for canine prostaglandin E2
(PGE 2) (Cayman Chemical) and matrix metalloproteinase-2
(MMP-2) (R&D) were utilized per manufacturers’ instruc-
tions. Joint fluid cytokines were analysed if there were at
least three time points of joint fluid available for analysis and
the fluid was not grossly contaminated by blood. Joint fluid
was frozen at –80°C within 30 minutes of collection and
stored until all samples were collected. All samples were
thawed once and all testing run on the same day.

Labelled Mesenchymal Stem Cell Tracking
For detection of mesenchymal stem cells migration into the
joints, mesenchymal stem cells for thefirst or second infusion
were labelled using a cell membrane dye. Mesenchymal stem
cells were incubated with DiD (Vybrant DiD Cell Labeling
Solution; Thermo Fisher Scientific, Inc., Waltham, Massachu-
setts, United States) for 15 minutes, washed three times in
DPBS to remove unincorporated dye and then resuspended in
DPBS and heparin prior to administration. Joint fluid was
centrifuged at 5,000 � g and the supernatant removed and
stored for biomarker analysis. The cell pellet was resuspended
in50 µLDPBS and20µLwas spread onto a slide and allowed to
air dry. The slide was then stained with nuclear stain DAPI
(4′,6-diamidino-2-phenylindole), fixed in 1% paraformalde-
hyde (Affymetrix) and examined using an Olympus IX-83
confocal microscope. Joint fluid was examined prior to the
first mesenchymal stem cell infusion, 24 hours after labelled
mesenchymal stem cell infusion and again on day 42.

Owner Questionnaires
Validated questionnaires21 including CBPI, Liverpool osteoar-
thritis in dogs and client-specific outcome measures (CSOM)
were administered at day -28, 0, 45, 90 and 180. For CSOM
activity score, owners listed up to five time- and place-specific
activities that were problematic for their dogs due to osteoar-
thritis. The same list of activities was scored from 0 to 4
(0 ¼ normal, 1 ¼ A little problematic, 2 ¼ quite problematic,
3 ¼ severely problematic, 4 ¼ impossible) at set time points.
For CSOMbehaviour score, owners listed up to three time- and
place-specific behaviours that were problematic for their dogs
due to osteoarthritis. The same list of behaviours was scored
from 0 to 2 (2 ¼ significantly more or less than normal,
1 ¼ less or more than normal, 0 ¼ normal). The same owner
wasrequired tocomplete thequestionnairesateachtimepoint
to ensure continuity of patient assessment. All questionnaires
were completed as an independent interview process prior to
interaction with study personnel to prevent bias.

Gait Analysis
Gait analysiswasperformedusing a validated22 pressuremat
(HRV Walkway 6 VersaTek System; Tekscan, Inc., South
Boston, Massachusetts, United States) to measure peak ver-
tical force (PVF) and vertical impulse (VI). Symmetry indices
were calculated as previously described.23Dogswerewalked
over the walkway in a dedicated, isolated gait analysis area

Fig. 1 Overview of data collection time points for all outcome
measures.

Veterinary and Comparative Orthopaedics and Traumatology Vol. 32 No. 3/2019

Intravenous Allogeneic MSC for Osteoarthritis Olsen et al. 175

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



(40 by 25 feet) and the first five valid trials were analysed. A
valid trial was defined as a straightforward walk without
stopping, hesitating, trotting or pacing, no head movement
and maintenance of a constant speed. For all trials, velocity
(0.8–1.3 m/s) and acceleration ( � 0.5 m/s2) were represen-
tative of a walking gait.24 Velocity was recorded at the
enrolment visit, and all dogs were required to walk at the
same velocity ( � 0.3m/s) at each gait analysis recheck. Each
gait trial was video recorded (EverFocus eZ.HD EQ 900
Camera; EverFocus Electronics Corp., Duarte, California,
United States). Collection and analysis of gait data were
performed by a single observer (AO).

Accelerometry
Activity monitoring was performed using a validated accel-
erometer (Animal Actical; Starr Life Sciences Corp., Oakmont,
Pennsylvania, United States) mounted on a separate dog
collar (One Inch Adjustable Dog Collar; Lupine, Inc., Center
Conway, NewHampshire, United States) in a ventral location
on the neck as previously reported.25 Collar tightness was
kept consistent for each dog throughout the study period.
The accelerometer was attached by removing the metal ring
on the collar used for leash attachment and securing the
accelerometer with two zip ties (Eight Inch Cable Ties;
Commercial Electric, Cleveland, Ohio, United States). Data
collection began at day�28, and activity data were recorded
continuously throughout the study period. The acceler-
ometer epoch lengthwas set to 30 seconds. All accelerometer
data were recorded and analysed by a single observer (AO).

Statistical Analysis
All outcome measures were summarized in terms of means
and standard deviations, stratified by assessment time points.
A linear mixed effects model with animal-specific random
effects was used to evaluate changes in all outcomemeasures
between the baseline/pre-treatment assessment to the post-
treatment assessments. All reported p-values are two-sided,
and p < 0.05 was used to define significance. Statistical ana-
lyses were conducted using SAS software (SAS Institute Inc.,
Cary, North Carolina, United States), version 9.4.

Results

Animal Description
A total of 13 dogs (8 females, 5 males) were enrolled in the
study. Five breeds were represented including the Labrador
Retriever (n ¼ 5), Bernese Mountain Dog (n ¼ 2), Golden
Retriever (n ¼ 2), English Springer Spaniel (n ¼ 1) and New-
foundland (n ¼ 1). There were two mixed breed dogs, which
included a Shar Pei/Labrador Retriever mix and a Collie/
German Shepherd dog mix. All dogs were spayed or
castrated. At the time of enrolment, the dogs had a mean
bodyweight of 34.1 � 11.6 kg (range, 18.6–60 kg) andwere a
mean age of 7.9 � 3.6 years (range, 1.5–13 years).

All dogs were diagnosed with moderate (n ¼ 4) or severe
(n ¼ 9) clinically relevant elbow osteoarthritis based on
radiographical evaluation, physical examination and gait
analysis on day –28. The affected joint was the right elbow

for nine dogs and the left elbow for four dogs. At the initial
enrolment visit, all dogs had signs of contralateral elbow
osteoarthritis. In addition, eight dogs exhibited further signs
of multi-joint osteoarthritis including the coxofemoral joint
(n ¼ 5), stifle (n ¼ 4), tarsus (n ¼ 2) and carpus (n ¼ 2).

Nine of 13 dogs had been treatedwith a non-steroidal anti-
inflammatorydrugprior to enrolment. Thenon-steroidal anti-
inflammatory drug previously used was carprofen (Rimadyl;
Pfizer Animal Health, New York, New York, United States)
(n ¼ 5), meloxicam (Metacam; Boehringer Ingelheim Vetme-
dica, Inc., St. Joseph, Missouri, United States) (n ¼ 3) or dera-
coxib (Deramaxx; Elanco Animal Health, Greenfield, Indiana,
United States) (n ¼ 1). One dog had received intra-articular
hyaluronicacid (Hyvisc; Boehringer IngelheimVetmedica, Inc.,
St. Joseph, Missouri, United States) and triamcinolone (Veta-
log; Boehringer IngelheimVetmedica Inc., St. Joseph,Missouri,
United States) 2 years prior to enrolment. The same dog
received intramuscular hyaluronic acid with chondroitin sul-
phate (Polyglycan; ArthroDynamic Technologies, Inc., Lexing-
ton, Kentucky, United States) 3 years prior to enrolment. Four
dogs previously underwent elbow arthroscopy (one dog
underwent elbow arthroscopy of the same joint on two
separate occasions). All four dogs were diagnosed with a
fragmented medial coronoid process, which was removed
arthroscopically. At the time of enrolment, 12 dogs were
receiving a consistent osteoarthritis management protocol
as described in the inclusion criteria, and 1 dog was not
receiving any therapy because the owner did not wish to start
an osteoarthritis protocol. Osteoarthritis management thera-
pies other than non-steroidal anti-inflammatory drugs
included combinations of the following: gabapentin (Neuron-
tin; Pfizer, Inc., New York, New York, United States) (n ¼ 7),
omega-3 fatty acids (n ¼ 7), glucosamine hydrochloride with
sodium chondroitin sulphate (Dasuquin;, Nutramax Labora-
tories Veterinary Sciences, Inc., Lancaster, South Carolina,
United States and Cosequin; Nutramax Laboratories Veterin-
ary Sciences, Inc., Lancaster, South Carolina, United States)
(n ¼ 7), polysulphated glycosaminoglycan (Adequan, Luitpold
Pharmaceuticals, Inc., Shirley, New York, United States)
(n ¼ 5), tramadol hydrochloride (Tramadol hydrochloride;
Amneal Pharmaceuticals LLC, Paterson, New Jersey, United
States) (n ¼ 4), multi-ingredient joint supplements (Glyco-
flex; VetriScience Laboratories, Essex Junction, Vermont, Uni-
ted States; Ligaplex; Standard Process, Inc., Palmyra,
Wisconsin, United States) (n ¼ 2), amantadine hydrochloride
(Symmetrel; Alliance Pharmaceuticals, Chippenham, Wilt-
shire, United Kingdom) (n ¼ 1) and a milk supplement (Dur-
alactin; Veterinary Products Laboratories, Phoenix, Arizona,
United States) (n ¼ 1).

Complications
All dogs received all scheduled mesenchymal stem cell
infusions. No adverse events were noted during or immedi-
ately after mesenchymal stem cell infusion prior to discharge
in any of the treated animals. Four dogs did not have all data
included for statistical analysis; two of these dogs were
diagnosed with a cranial cruciate ligament tear on day 31
of the study and tibial plateau levelling osteotomies were
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performedwithout complication. A third dog was diagnosed
with a traumatic Grade III left lateral patellar luxation on day
128 of the study and underwent block recession trochleo-
plasty and lateral imbrication without complication. For the
three dogs that underwent orthopaedic surgery for concur-
rent disease, data were evaluated until the diagnosis of
concurrent orthopaedic disease. The fourth dog that did
not complete the study began exhibiting signs of hyporexia
and weight loss on day 38. Blood work (haematology and
serum chemistry profile) at that time revealed an inflam-
matory leukogram. The dog returned to normal after several
days. On day 61, the same dog developed left-sided Horner’s
syndrome and was subsequently diagnosed with a cranial
mediastinal mass on metastatic thoracic radiographs. The
owner elected euthanasia on day 76 due to decline in quality
of life. Necropsy revealed a thymoma, a left renal cyst with
mild interstitial lymphoplasmacytic nephritis, marked
chronic hepatocellular hydropic degeneration and right ven-
tricular dilation. Evaluation of the joints revealed diffuse
severe osteoarthritis of the stifles, coxofemoral joints and
elbows with periarticular and intra-articular osteophytosis,
cartilage erosion and ulceration, synovial hyperplasia and
capsular sclerosis. For this dog, data were included for
analysis until day 45.

On day 41, one dog was presented to an emergency clinic
for the evaluation of a suspected urinary tract infection due
to signs of pollakiuria and haematuria. During evaluation, an
incidental hepatic mass was found. Surgical biopsies of the
hepatic mass and portal and splenic lymph nodes revealed T
cell rich small B cell lymphoma, suspected to be indolent. The
dog remained in remission until 455 days after completion of
the study period when lethargy and epistaxis occurred.
Immune-mediated thrombocytopenia was diagnosed, but
due to lack of response to medical management and concern
for quality of life, euthanasia and necropsy were performed.
Necropsy revealed focal vasculopathy with extensive infarc-

tion of the tongue, hepatocellular vacuolar degeneration and
extramedullary haematopoiesis.

Two dogs required rescue analgesia with non-steroidal
anti-inflammatory drugs during the study period. One dog
received a dose of meloxicam on day 17 and day 24 of the
study. The other dog received a dose of meloxicam on day 29
and day 194 of the study. The remaining 11 dogs did not
require rescue non-steroidal anti-inflammatory drugs
throughout the study.

Outcome Measures
Gait data, accelerometerweekly total counts, pertinent blood
work values and owner questionnaire scores are summar-
ized in ►Table 1 and ►Figs. 2 and 3. Individual data for each
dog are included inAppendix Tables 1–16 (available in online
version only). There was a significant decrease in mean
CSOMactivity score at 90 days (p ¼ 0.0172), and a significant
decrease in mean CSOM behaviour score at day 45
(p ¼ 0.0036) and day 180 (p ¼ 0.0383) when compared
with baseline. A significant decrease in mean PVF of the
affected limb was observed at 180 days (p ¼ 0.0256). All
other variables evaluated did not change significantly
throughout the course of the study.

Four dogs had fluorescent mesenchymal stem cells identi-
fied in smearsmadeof the cellular componentof thejointfluid
obtained 24 hours post-intravenous injection of labelled
mesenchymal stem cells. Paired pre- and post-treatment
synovial fluid samples without blood contamination were
available for fourdogs (►Table 2); cytology revealednochange
in inflammation for one dog and variable changes in the other
three dogs (decrease frommoderate tomild [n ¼ 1], decrease
from moderated/marked to mild [n ¼ 1] and decrease from
mild to minimal [n ¼ 1]). Comparison of joint fluid cytokine
analysis frommultiple study time points in four dogs revealed
no significant differences in pre- and post-treatment concen-
trations of MMP2 (n ¼ 4) or PGE2 (n ¼ 3).

Table 1 Change from baseline/pre-treatment (day �28 to day 0) to post-treatment (day >28)

Outcome measure Mean change Standard deviation p-Value

Peak vertical force (PVF)% body weight �1.44 1.94 0.0256

Symmetry index for PVF �0.93 2.82 0.2801

Vertical impulse (VI) body weight � second �0.33 1.04 0.2991

Symmetry index for VI �1.66 5.65 0.3317

Pain interference score �0.35 1.09 0.294

Pain severity score �0.41 0.82 0.1129

Liverpool osteoarthritis in dogs score �0.07 5.04 0.9643

Client-specific outcome measure activity score �0.21 0.21 0.005

Client-specific outcome measure behaviour score �0.33 0.27 0.0014

White blood cell count (x103/µL) 0 1.38 0.9974

Lymphocyte count (�103/µL) �0.15 0.39 0.1811

Monocyte count (�103/µL) 0.04 0.26 0.6326

Neutrophil count (�103/µL) 0.09 1.25 0.8051
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Discussion

For dogs with naturally occurring elbow osteoarthritis, the
repeated use of intravenous allogeneic mesenchymal stem
cells was easy to administer to awake dogs without adverse
effects definitively attributable to the therapy. Overall there
was little change in objective outcome measures assessed in
this study. The CSOM owner questionnaire results and the
successful discontinuation of non-steroidal anti-inflamma-
tory drug therapy with minimal need for rescue administra-
tion may have been due to a real treatment effect, or
attributed to the effects of owner bias in a non-blinded trial.
A randomized, double-blinded, placebo-controlled, prospec-
tive study with a larger sample size is needed before any
recommendations can be made for clinical application of
intravenous allogeneic mesenchymal stem cells for elbow
osteoarthritis in dogs.

While we found a significant improvement in CSOM
activity and behaviour scores, there was no corresponding
improvement in gait analysis parameters during the study. In
fact, at day 180 PVF was significantly decreased. This may be
a result of non-steroidal anti-inflammatory drug disconti-

nuation or due to disease progression. Discontinuation of
non-steroidal anti-inflammatory drug therapy was selected
as an inclusion criteria to avoid confounding effects from
concurrent therapy because non-steroidal anti-inflamma-
tory drugs have been shown to alter gene expression in
mesenchymal stem cells and may potentially affect the
immunomodulatory effects.26 Of the nine dogs dependent
on non-steroidal anti-inflammatory drugs as part of their
pre-study osteoarthritis protocol, two dogs required two
doses each of non-steroidal anti-inflammatory drugs during
the study period. It is noteworthy that dogs previously
dependent on non-steroidal anti-inflammatory drugs were
able to remain off thesemedications as the owners perceived
that they had improved activity and behaviour based on
CSOM scoring.

Gait analysis is currently considered the gold standard to
evaluate improvement in dogs with osteoarthritis, but
results can be conflicting. For example, PVF has been
reported27 to improve after non-steroidal anti-inflammatory
drug use, while in other reports4 it did not change. It has also
been reported28 that gait variation exists in normal dogs;
thus, individual variation may have affected our interpreta-
tion of the gait data. The caregiver placebo effect29 may also
be responsible for the discrepancy between CSOM activity
behaviour scores compared with gait analysis because own-
ers were aware of the treatment. It is important to note that
Liverpool osteoarthritis in dogs and CBPI did not show
significant improvement. This is not surprising given pre-
vious sample size recommendations for clinical trials utiliz-
ing dogs with naturally occurring osteoarthritis.4,17

Mesenchymal stem cell administration has been widely
evaluated for the treatment of ligament, tendon and joint
injuries in humans and dogs.30 However, in previous studies
using mesenchymal stem cells to treat osteoarthritis, the
cells were administered directly into affected joints. Sys-
temic delivery ofmesenchymal stem cellsmay exert an effect
on osteoarthritis that is qualitatively different from that of
intra-articular injection. When mesenchymal stem cells are
administered intravenously, there is a greater interaction
with the immune system as compared with intra-articular

Fig. 2 Mean client-specific outcome measure (CSOM) Behaviour (A) and Activity (B) Scores from day �28 to day 180. Significant changes are
indicated by ��� 0.005 and ���� 0.0005.

Fig. 3 Mean peak vertical force (PVF) from day �14 to day 180.
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use, whichmay lead to systemic anti-inflammatory effects.18

Such systemic effects may reduce pain or inflammation at
multiple sites,which is important as older dogswith osteoar-
thritis typically have multiple, concurrent musculoskeletal
abnormalities. Mesenchymal stem cells are also capable of
migrating to sites of inflammation following intravenous
administration, as previous studies have demonstrated.31–33

Chemokines such as SDF-134 and MCP-135 released by
inflammatory stimuli provide a potent stimulus for
mesenchymal stem cell recruitment, and these cytokines
are known to be produced in the joints of animals with
osteoarthritis.36,37 Pulmonary trapping may interfere with
this function,38,39 which may explain why mesenchymal
stem cells were detected in the joint fluid of only four dogs
in our study. The time point selected for assessment (24
hours after intravenous mesenchymal stem cell injection)
mayalso have played a role in this result. In amousemodel,18

mesenchymal stem cells appeared to accumulate at sites of
inflammation at later time points (5 days). Additionally,
mesenchymal stem cells may track to the synovial mem-
brane (which was not assessed in this study) and may not be
released into the synovial fluid or the utilized labelling
technique may not be adequate to detect all cells.

Analysis of cytokines and cell numbers in the synovial
fluid revealed, at most, modest effects, and some effects
could also be attributed to normal variation in cell counts in
joints undergoing repeated arthrocentesis. Sample size for
joint fluid analysis was severely limited due to difficulty in
obtaining samples with adequate volume and without blood
contamination. In the four dogs evaluated, three had a
qualitative reduction in joint fluid cellularity following
intravenous mesenchymal stem cells, but no change was
noted in the concentrations of two biomarkers of osteoar-
thritis. Larger sample size and a control group are needed to
determine the significance of these findings.

Two dogs in this study were diagnosed with neoplasia
following administration of mesenchymal stem cells.
Mesenchymal stem cell-induction of neoplasia or malignant
transformation has been previously investigated, and pre-
vious reports40,41 have not shown a correlation between
mesenchymal stem cell therapy and development of neopla-

sia. Without an age-matched control group and a larger
sample size, it is not possible to determine causation
between mesenchymal stem cell administration and devel-
opment of cancer in these two dogs. However, based on the
observations in this study, future clinical research evaluating
intravenous allogeneic mesenchymal stem cells should
include further testing of dogs developing neoplasia to
determine the cell of origin (donor cells versus host cells.)

Based on the success criteria for previously reported
studies,4,17 it is anticipated to have a change from baseline
of at least 5% for PVF, a reduction of �1 for PSS and a
reduction of �2 for PIS. Furthermore, based on the results of
our pilot study, the expected standard deviation for the
change is 12%, 2.0 and 2.5 for PVF, PSS and PIS respectively.
Hence, the anticipated effect sizes for the primary end-
points range between 0.41 and 0.8. For PVF, PSS and PIS, a
sample size of n ¼ 150 (75 treated, 75 control), n ¼ 102 (51
treated, 51 control) and n ¼ 42 (21 treated, 21 control) is
required to detect an anticipated effect size of at least 0.41
with 80% power at the two-sided 0.05 significance level
respectively.

Conclusion

In conclusion, systemic, repeated administration of allo-
geneic mesenchymal stem cells in dogs with naturally occur-
ring elbow osteoarthritis was clinically well tolerated and
resulted in significant improvement in clinical CSOM scores,
but no differences in objective outcome measures or other
validated owner questionnaires. Results from this pilot study
can be used to design additional randomized, double-
blinded, placebo-controlled, prospective trials with an
appropriate sample size to further evaluate the effects of
intravenous mesenchymal stem cells as a treatment option
for canine osteoarthritis.
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Table 2 Cell counts in synovial fluid obtained from aspiration of elbow joints at various time points during treatment

Animal Pre-treatment Day 16 Day 42

Dog 1 Cell count: Mild " (monocytes 86%,
lymphocytes 13%, neutrophils 1%)

Cell count: Minimal " (monocytes
68%, lymphocytes 30%, neutrophils
2%)

Not obtained

Dog 2 Cell count: Mild to moderate "
(monocytes 73%, lymphocytes 15%,
neutrophils 12%)

Cell count: Mild to moderate "
(monocytes 83%, lymphocytes 17%)

Cell count: Mild to moderate "
(monocytes 87%, lymphocytes 11%,
neutrophils 2%)

Dog 3 Cell count: Moderate " (monocytes
65%, lymphocytes30%,neutrophils 4%)

Cell count: Mild " (monocytes 37%,
lymphocytes 34%)

Cell count: Mild " (monocytes 63%,
lymphocytes 34%, neutrophils 3%)

Dog 4 Cell count: Moderate to marked "
(monocytes 67%, lymphocytes 32%,
neutrophils 1%)

Cell count: Mild " (monocytes 80%,
lymphocytes 18%, neutrophils 2%)

Cell count: Mild " (monocytes 75%,
lymphocytes 22%, neutrophils 1%,
eosinophils 2%)

Note: Cell count was estimated via manual counting of 10 fields of view and categorized as minimally (3,000–4,000 cells/μL), mildly (4,000–10,000
cells/μL), moderately (10,000–20,000 cells/μL), markedly (> 20,000 cells/μL), or severely (too numerous to count) increased.
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