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RESUMO

Diversos pesquisadores acreditam que algumas doencas que ocorrem naturalmente em
animais de companhia podem refletir melhor as variagdes genéticas, ambientais e fisiologicas
presentes na populacdo humana. Visando convergir avancgos paralelos, o reconhecimento de
cdes e gatos como modelos translacionais em estudos pré-clinicos na medicina regenerativa,
levaria a avancos mais consistentes na pesquisa veterinaria, promovendo ganhos acentuados
de conhecimento e tecnologia. Devido as similaridades das alteracfes neuropatoldgicas da
leucoencefalite desmielinizante induzida pelo virus da cinomose com a esclerose multipla em
humanos, a cinomose em cdes em fase neuroldgica tem representado uma das poucas
ocorréncias espontaneas para o estudo da patogénese da perda de mielina. Varios estudos tém
sugerido a utilizacdo de células-tronco mesenquimais como opc¢do de tratamento para as
doencas desmielinizantes e neurodegenerativas, assim, objetivou-se avaliar a seguranca e
eficacia do uso autélogo de células-tronco mesenquimais do tecido adiposo, em quatro cées
que mantiveram sinais neurolégicos apds tratamento das manifestacdes sistémicas da infeccao
pelo virus da cinomose. Apds trés infusées de 1x10’ células pela via intra-arterial, 0s animais
ndo expressaram mudanca significativa quanto a locomocao, porém, trés passaram de intensa
mioclonia para moderada. Apds um ano da terapia celular, os quatro cdes passaram a se
locomover de forma independente (Grau I e Il), e em dois animais as mioclonias passaram
para a condicdo leve. A utilizacdo de células-tronco mesenquimais do tecido adiposo mostrou
seguranga em aplicacOes repetitivas sem efeitos adversos em curto prazo, e melhora na
gualidade de vida de cdes com sequela neuroldgica provocada pela leucoencefalite
desmielinizante. Frente aos resultados encontrados, a toda literatura consultada, e ao historico
de comercializacdo de células-tronco na medicina veterinaria brasileira, entendemos ser
necessario revisar ensaios publicados com células-tronco derivadas do tecido adiposo, em
doencas de animais de companhia com ocorréncia espontanea, discutindo-se os desafios
cientificos da pesquisa na medicina regenerativa veterinaria, e a fundamentacéo cientifica,
ainda pouco clara, mediante o atual comércio celular, ndo controlado por agéncias

reguladoras.

Palavras-chave:  Células-tronco  mesenquimais.  Cinomose.  Esclerose  multipla.

Desmielinizacao. Terapia celular.



ABSTRACT

Several researchers believe that some diseases that occur naturally in companion animals may
better reflect the genetic, environmental and physiological variations present in the human
population. Aiming to converge parallel advances, the recognition of dogs and cats as
translational preclinical models in regenerative medicine studies, would lead to more
consistent advances in scientific research veterinary medicine, lags behind that human
medicine in knowledge and technology. Due to the similarities of neurological changes of
leukoencephalitis by distemper virus with a multiple sclerosis in humans, the distemper in
dogs in the neurological phase was represented by one of the few spontaneous diseases for the
study of the pathogenesis of myelin loss, associated with immune-mediated diseases. Several
studies have suggested the use of mesenchymal stem cells as a treatment option for
demyelinating and neurodegenerative diseases. Therefore, we investigated the use of adipose-
tissue-derived stem cells in four dogs with neurological lesions caused by the distemper virus.
After three infusions of 1x10’ cells by the intraarterial route, the animals did not demonstrate
significant changes in their locomotive abilities. However, the intense myoclonus in three
animals was reduced to a moderate level. At one year after the cell therapy, all four dogs
started to move independently. In two animals, the myoclonic severity had become mild. It
was concluded that the use of mesenchymal stem cells showed safety in repetitive
applications, no adverse effects in the short term, and improve the quality of life of dogs with
neurological sequelae caused by demyelinating leukoencephalitis. In view of the results
found, the all consulted literature, and the historical of commercialization of stem cells in
Brazilian Veterinary Medicine, we consider necessary to review the trials published with stem
cells derived from adipose tissue in diseases of companion animals with spontaneous
occurrence, discussing the scientific challenges of research in veterinary regenerative
medicine, and the scientific basis, still unclear, for the current cellular trade, not controlled by

regulatory agencies.

Keywords: Mesenchymal Stem Cells. Distemper virus. Multiple Sclerosis. Demyelination.
Cell therapy.
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CONTEXTUALIZACAO

A cinomose é uma doenca viral, multissistémica, altamente contagiosa, que
acomete carnivoros domésticos e selvagens, causada por um Morbillivirus da familia
Paramyxoviridae (DEEM et al., 2000). Para os cdes domesticos o0 virus da cinomose
canina (CDV, do inglés Canine Distemper Virus) é um dos mais importantes agentes
infecciosos por sua caracteristica altamente imunossupressora e pantrdpico,
representando cerca de 6% de todas as ocorréncias na clinica de pequenos animais e
uma das principais causas de mortalidade em cées (BEINEKE et al., 2009; MONTEIRO
etal., 2010).

Considerada endémica no Brasil, a cinomose afeta mais comumente filhotes,
embora possa ocorrer em qualquer idade em animais ndo vacinados ou com histérico de
vacinacdo incompleta, pois a exacerbacdo da doenca depende da estirpe do virus, idade
e estado imunitario do animal no momento da infeccdo (BEINEKE et al., 2009). Uma
vez manifestada, provoca um comprometimento duradouro das fungbes imunoldgicas
celulares e humorais, tornando os animais susceptiveis a infeccdes oportunistas que
resulta em uma variedade de formas clinicas, no qual a imunossupressdo e 0
acometimento neuroldgico representam 0 principal agravante nesta espécie
(KRAKOWKA et al., 1985; APPEL, 1987; BEINEKE et al., 2009; LEMPP et al.,
2014).

O envolvimento do sistema nervoso central (SNC) representa uma complicagéo,
que pode ocorrer em paralelo ou posteriormente a afecgdes a outros 6rgdos, por leséo
direta induzida pelo virus, ou leséo indireta e tardia devido a imunidade desenvolvida
(FENNER, 2004; VANDEVELDE et al., 2005). Apresenta-se mais comumente como
uma leucoencefalite desmielinizante (LD), caracterizada por leséo axonal, com um grau
variavel de desmielinizacdo e inflamacdo mononuclear (ULRICH et al., 2014; LEMPP
et al., 2014), no qual os sinais neurologicos refletem a localizacdo do SNC afetado,
sendo os mais evidentes, distdrbios de comportamento, convulsdes, ataxia, paraplegia,
tetraparesia, tetraplegia, disfuncdo de propriocepgédo, atrofia muscular, hiperestesia,
mioclonia, déficits ou reflexos anormais e incontinéncia urindria (BEINEKE et al.,
2009).
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Apesar de décadas de pesquisa, nos ultimos anos Varios novos aspectos da
neuropatogénese da LD tém sido descritos, a partir de investiga¢fes in vivo e in vitro
com énfase especial na interacdo axonio-mielina-glia (LEMMP et al., 2014). No
processo agudo da cinomose, a replicacdo viral ocorre predominantemente em astrocitos
e estd associada a producdo de fator de necrose tumoral alfa (TNF-a), o que coincide
com o inicio da desmielinizacdo (SEEHUSEN et al., 2007). Assim, 0 acometimento
neuronal e a quebra da bainha de mielina sdo eventos ndo apenas associados a
replicacdo viral, mas também mediados por citocinas produzidas localmente (BEINEKE
et al., 2009). No processo cronico da cinomose, a progressao das lesdes parece ser um
evento imunopatoldgico, no qual o mecanismo imunoldgico e inflamatério estabelecido
em fases posteriores, associado a tentativa de eliminacéo do virus do SNC, induz a fase
cronica da desmielinizacdo (MORO et al., 2003; SEEHUSEN et al., 2007).

Devido as similaridades das alteragdes neuropatoldgicas, a leucoencefalite
desmielinizante provocada pelo virus da cinomose tem sido sugerida por pesquisadores
como modelo de ocorréncia natural para o estudo da patogénese da perda de mielina,
associada a mecanismos imunomediados, tal como acontece na esclerose multipla em
humanos (KOESTNER, 1957; BAUMGARTNER; ALLDINGER, 2005; BEINEKE et
al., 2009; LEMPP et al., 2014; ULRICH et al., 2014).

A esclerose mdltipla (EM) €é a mais frequente doenca inflamatdria
desmielinizante e neurodegenerativa do SNC, responsavel por incapacidade neuroldgica
significativa em adultos jovens, entre 20 a 40 anos (PATANI; CHANDRAN, 2012).
Estima-se o numero de 35 mil pessoas com EM no Brasil e 2,3 milhdes em todo o
mundo, com prevaléncia na América do Norte e Europa, afetando duas vezes mais
mulheres do que homens (MSIF, 2013).

Enfermidade complexa, a EM possui etiologia exata desconhecida, cujos dados
epidemioldgicos sugerem se tratar de uma doenca autoimune, decorrente da interacdo
entre fatores bioldgicos e ambientais, como: suscetibilidade genética, mecanismos
autoimunes e infecgdes virais (SILVA; NASCIMENTO, 2014). Sua fisiopatologia
também nao é totalmente compreendida, sendo o principal evento representado por uma
resposta aberrante das células do sistema imunitario a autoantigenos da mielina,
resultando em inflamacdo, desmielinizacdo e degeneracdo axonal (DULAMEA, 2015).

As lesdes da EM ocorrem na substancia branca do SNC, por destruicdo da

bainha de mielina dos neurdnios, gerando mdltiplas areas cicatriciais (escleroses), e
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consequentemente uma deficiéncia na conducdo motora com diminui¢do ou bloqueio
dos sinais nervosos, com manifestacGes clinicas variadas determinadas pela localizacdo
das lesdes (CARDOSO, 2010). Incluem perda da forca muscular, dorméncia,
parestesias, coordenacéo alterada, paralisia aguda dos membros, perda aguda da visdo
(neurite 6ptica), disfuncdo cognitiva, perda da memoria, fadiga, crises epilépticas,
deméncia, distdrbios vesicais e intestinais, alteracdes de personalidade e labilidade
emocional (CARDOSO, 2010; FINKELSZTEJN, 2014).

O tratamento para EM tem sido baseado em medicamentos imunomoduladores,
que embora amenizem os sintomas e reduzam a frequéncia e a gravidade dos surtos, néo
interrompe a progressdo continua da neurodegeneracdo, cujo substrato patologico é a
degeneracdo axonal (AULETTA et al., 2012; FINKELSZTEJN, 2014; ZHANG et al.,
2014). Entretanto, varios estudos tém sugerido a utilizacdo de células-tronco
mesenquimais (CTMs) como opcéo de tratamento para as doencgas desmielinizantes
(FREEDMAN et al., 2010; RIVERA; AIGNER, 2012; DULAMEA, 2015).

Nesse contexto, a literatura dispGe de dados demonstrando que as CTMs
transplantadas em modelos animais experimentalmente sdo capazes de reduzir a
desmielinizagdo, aumentar a neuroprotecdo e modular a inflamagdo (KASSIS et al.,
2008; LANZA et al., 2009; RAFEI et al.,, 2009), e alguns ensaios clinicos tém
demonstrado resultados preliminares promissores no uso de CTMs na esclerose multipla
(FREEDMAN et al., 2010; KARUSSIS et al., 2010; YAMOUT et al., 2010; BONAB et
al., 2012; LLUFRIU et al., 2014; DULAMEA, 2015).

Para melhor compreensdo, esclarecemos que as CTMs sdo consideradas uma
linhagem de células-tronco somaticas responsaveis pela regeneracdo e manutencdo de
tecidos adultos (KEATING, 2012). Nas ultimas décadas tornaram-se alvo de diversos
estudos devido suas propriedades bioldgicas com possibilidades visionarias para o
tratamento de uma variedade de doengas (CAPLAN, 2017).

Atualmente, a secrecdo de moléculas bioativas tem explicado o seu potencial
terapéutico, e se tem mostrado que a producdo de fatores troficos e imunomoduladores
sdo capazes de promover efeitos regenerativo, anti-inflamatdrio, angiogénico, anti-
apoptotico, mitético, anti-fibrético, anti-bacteriano e anti-tumoral (CAPLAN; DENNIS,
2006; GNECCHI et al., 2008; CAPLAN; CORREA, 2011; BAGLIO et al., 2012;
MEIRELES et al. 2009; TAO, et al., 2016, VIZOSO et al., 2017). Além disso, a

identificacdo do secretoma das CTMs com efeitos paracrinos contribui fortemente ao
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argumento que, sua funcéo natural in vivo, é de atuar como sinaliza¢do para locais de
lesdo ou inflamacdo (CAPLAN, 2010; MAGUIRE, 2013; MADRIGAL et al., 2014).
Entretanto, apesar de inUmeras pesquisas com qualidade e tecnologia cientifica, a
natureza complexa das CTMs torna a sua caracterizacdo desafiadora, e importantes
aspectos permanecem mal definidos (RUSSELL et al., 2016; ASSONI et al., 2017;
VISOZO et al., 2017; FITZSIMMONS et al., 2018).

Recentemente, Caplan (2017) considerou sua propria designagdo “células-
tronco” mesenquimais (CAPLAN, 1991) cientificamente e terapeuticamente enganosa,
sugerindo a mudanca de nomenclatura para “células de sinalizagdo medicamentosa” a
fim de refletir com mais precisdo o seu potencial terapéutico frente ao atual cenario
mundial, de ensaios clinicos e comercializacdo ndo regulamentada de CTMs, no qual
pacientes alimentam esperanca de cura, por vezes, milagrosa.

Nesse contexto, na medicina humana os aspectos éticos e regulatdrios da terapia
com células-tronco sdo discutidos em todo 0 mundo e a maioria dos paises possui
alguma legislacdo de acordo com o tipo de produto celular, enquanto que na medicina
veterinaria a auséncia de regulamentos permitiu que terapias com CTMs fossem,
atualmente, oferecidas e comercializadas sobe altos custos para o tratamento de uma
variedade de doencas de animais de companhia, embora nao tenham atingidos padrdes
reconhecidos de evidencia em relacdo a eficacia e seguranca (CYRANOSKI, 2013;
DOMINICI et al., 2015; HOFFMAN, DOW, 2016; BORGES, 2018, FRANKLIN,
2018).

As recomendacOes atuais sdo direcionadas para a realizagdo de estudos
cientificos bem conduzidos e controlados, que oferecam dados de alta qualidade,
somado a superacdo dos desafios associados a complexidade dos produtos baseados em
células (BORGES, 2018; FRANKLIN, 2018). E valido considerar que na ciéncia
veterinaria esta configuracdo se torna dificil, entre outras razdes, devido a limitacGes
logisticas e econdmicas associadas a tal desenho de estudo e falta de apoio a pesquisa
(BAKKER et al., 2013).

Frente a isto, diversos pesquisadores acreditam que as doengas que ocorrem
naturalmente em cdes e gatos podem refletir melhor as variagdes genéticas, ambientais e
fisiologicas presentes na populacdo humana (CHRISTOPHER, 2015; HOFFMAN;
DOW, 2016), e dessa forma, o reconhecimento destes como modelos translacionais pre-

clinicos para a terapia baseada em células nos ensaios humanos, levariam a avancos
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mais consistentes na pesquisa, convergindo avangos paralelos mediante uma
colaboracdo multidisciplinar (CYRANOSKI, 2013; BAKKER et al., 2013;
CHRISTOPHER, 2015; KOL et al., 2015; HOFFMAN; DOW, 2016; BEARDEN et al.,
2017).

A cinomose canina representa uma das poucas ocorréncias espontaneas em
animais para o estudo da patogénese da perda de mielina (ULRICH et al., 2014),
geralmente, os cées que sobrevivem a sintomatologia multissistémica mantém sequelas
neuroldgicas incapacitantes, muitas vezes incompativeis com a vida (SILVA et al.,
2007). Dessa forma, novas terapias que possam modular as respostas imunes, promover
a remielinizacdo e mediar reparacao do tecido neuronal danificado é um dos principais
desafios no campo da medicina, tanto humana, quanto veterinaria (LEMPP et al., 2014).

Em face ao exposto, inicialmente objetivamos avaliar o potencial terapéutico de
CTMs autélogas derivadas do tecido adiposo, pela via intra-arterial, para recuperacéo de
sequelas neuroldgicas em cdes com leucoencefalite desmielinizante, induzida pelo virus
da cinomose, avaliando seguranca em aplicacdes repetitivas, efeitos adversos a curto
prazo e sinais de mudancas no quadro neuroldgico que possam demonstrar relevancia
clinica para pacientes humanos com esclerose mdltipla.

Por fim, mediante aos resultados apresentados na vasta literatura consultada
acerca da tematica terapia celular, em animais de companhia, bem como a
comercializa¢do indiscriminada de células-tronco na medicina veterinaria brasileira,
sem a devida permissdo e fiscalizacdo dos Orgdos competentes, entendemos ser
necessario realizar uma revisdo sobre o assunto, para formarmos nossa convicgdo

guanto ao uso comercial destas células.
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A RTICLEINFO ABSTRACT

Researchers have used dogs with neurological sequelae caused by distemper as an experimental model for

Keywords:
Cell biology multiple sclerosis, owing to the similarities of the neuropathological changes between distemper virus-induced
Neuroscience demyelinating leukoencephalitis and multiple sclerosis in humans. However, little is known about the role of

Mesenchymal stem cells
Canine distemper
Multiple sclerosis

mesenchymal stem cells in treating such clinical conditions. Therefore, we investigated the use of mesenchymal
stem cells in four dogs with neurological lesions caused by the distemper virus. During the first year after cellular
therapy, the animals did not demonstrate significant changes in their locomotive abilities. However, the intense
(Grade V) myoclonus in three animals was reduced to a moderate (Grade IV) level. At one year after the
mesenchymal stem cell infusions, three animals regained functional ambulation (Grade I), and all four dogs
started to move independently (Grades I and II). In two animals, the myoclonic severity had become mild (Grade
III). It was concluded that the use of mesenchymal stem cells could improve the quality of life of dogs with
neurological sequelae caused by canine distemper, thus presenting hope for similar positive results in human
patients with multiple sclerosis.

Demyelination

loss [2, 3].
Multiple sclerosis, a complex human disease with unknown etiology

1. Introduction

Demyelinating leukoencephalitis is the major aggravating factor and
cause of mortality from canine distemper [1]. It commonly represents the
neurological stage of this disease, where inflammation of the central
nervous system, demyelination, and axonal injury occur [1, 2]. However,
similar to other morbilliviruses, the canine distemper virus behaves as a
Iymphotropic and immunosuppressive agent, rendering the animals
highly susceptible to opportunistic infections and resulting in a variety of
clinical forms that characterize distemper [3]. Dogs that survive this
stage sustain disabling sequelae that are often incompatible with life [4].
Furthermore, owing to the morphological similarities to theneuropath-
ological changes associated with human multiple sclerosis, canine dis-
temper represents one of the few spontaneous occurrences in animals
that can be applied as a model for the study of the pathogenesis of myelin
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and pathophysiology, manifests primarily as a result of an aberrant
response of the immune system cells to the autoantigens of the myelin
sheath of neurons. This condition results in multiple areas of scarring
(sclerosis) and is also characterized by inflammation, demyelination, and
axonal degeneration, which occur in canine distemper as well [5].
Because multiple sclerosis and similar degenerative myelopathy in
domesticated animals require treatments that aim to recover the myelin
sheath and repair the damaged neuronal tissue, their therapy and cure
remain major challenges in both the human and veterinary medical
fields [1].

Several research groups have investigated the therapeutic use of
mesenchymal stem cells (MSCs) for demyelinating diseases [5, 6, 7, 8].
Someresults havesuggested that MSCs could promote endogenousrepair
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and exert positive immunomodulatory effects to reduce demyelination,
increase neuroprotection, modulate inflammation, and promote the dif-
ferentiation of neural MSCs into oligodendrocytes (myelin-producing
cells in the central nervous system) [9]. In addition, some clinical
trials have shown promising results in the use of MSCs in multiple scle-
rosis [5, 10, 11, 12, 13, 14].

MSCs, which are considered a somatic stem cell line, are present in
the perivascular regions of adult tissues that are responsible for cell
regeneration and homeostasis [15]. These cells have already been iso-
lated from a variety of tissues (e.g., bone marrow, umbilical cord blood,
skin, dental pulp, etc.), among which adipose tissue stands out as a
common source owing to a higher rate of isolation and yield [16]. Thus,
the present study aimed to evaluate the therapeutic potential of MSCs in
inducing the recovery from neurological sequelae in dogs naturally
affected by demyelinating leukoencephalitis, assessing signs of neuro-
logical changes that may represent hope for human patients with mul-
tiple sclerosis.

2. Materials and methods

The dogs used in this study were from the Medical Clinic Sector of the
Veterinary Hospital “Prof. Mario Dias Teixeira” at the Federal Rural
University of Amazonia (UFRA). The animal protocol was approved
by the UFRA Committee on Ethics in the Use of Animals (Protocol No.
053/2015).

2.1. Treatment protocol and evaluation parameters

We selected four dogs (designated c1, c2, ¢3, and c4) with evident
signs of demyelinating leukoencephalitis. The diagnosis of distemper was
confirmed from the clinical signs and through laboratory tests. After
treatment of the multisystemic clinical symptomatology, neurological
sequelae compatible with those caused by the disease still remained,
however, without alterations in laboratory tests, including the poly-
merase chain reaction (PCR) - negative for the distemper virus.

The dogs were given a complete neurological examination, which
consisted of evaluations of their mental state, locomotion, cranial nerves,
postural reactions, spinal reflexes, sensory perception, and muscle tone.
For analytical purposes, the neurological record was rated as o for
absence, 1 for decrease, 2 for normality, and 3 for increase of the eval-
uated signal. Two neurological scales that were created by Santos [17]
were used for evaluating the sequelae of distemper. One scale was for
locomotion, with the following grades: (I) functional ambulation; (II)
ataxic animal — walks with incoordination; (III) tetraparetic animal —
staysinstation, but does not get up; (IV) tetraparetic animal —does not
stay in station or stand up; and (V) tetraplegic animal —without deep pain
and with signs of Grade IV. The other scale was for myoclonus, with the
following grades: (I) absent; (II) only at moments of agitation; (IIT) pre-
sent — mild; (IV) present — moderate; and (V) present — intense.

The MSCs were extracted from the flank adipose tissue of each canine
patient of this study through enzymatic digestion according to the pro-
tocol of Zuk et al. [18]. Three separate doses of ¥ 107 cells at passages
P3 or P4 were injected into the dogs through the femoral artery at 30-day
intervals, and monthly neurological examinations before each applica-
tion as well as one final evaluation one year later were carried out.

2.2. Clinical conditions of the selected animals

Prior to MSC treatment, all animals were conscious and the neuro-
logical changes at the first visit were related to locomotion, postural re-
actions, spinal reflexes, muscle tone, and myoclonus. c1 presented with
monoparesis of the right pelvic limb, with decreased conscious proprio-
ception and hypertonia of this limb, besides motor incoordination and
spontaneous falls. c2 presented with monoparesis of the right pelviclimb,
with decreased conscious proprioception, patellar hyperreflexia, and
hypertonia of this limb, as well as motor incoordination and spontaneous

falls. c¢3 presented with functional deambulation, without changes in the
neurological examination. ¢4 presented with tetraparesis, the absence of
conscious proprioception, and hypertonia in the four limbs, as well as
cervical stiffness. The four dogs had myoclonus of several muscular
groups, with a noticeably greater incidence in the masticatory muscles.
The myoclonus was classified as intense for c1, c2, and ¢4 and moderate
for 3.

2.3. MSC cultivation, cryopreservation, and phenotype analysis

After isolation, the MSCs were maintained in cultures at 37 °C with
5% CO2 in growth media complete (Dulbecco's modified Eagle's medium,
with 20% fetal bovine serum), with a medium change every 2—3 days.
The cultures were cryopreserved at the Po and P1 passages. After
thawing, the viability of the cells at each passage was tested using the
trypan blue exclusion dye (0.4%) test (Sigma, USA). For intra-arterial
administration, the MSCs were thawed and maintained in culture for
an average of 7 days for the expansion needed to reach the determined
amount of cells (1 197 cells).

For phenotype analysis by immunofluorescence, the cells were plated
and incubated with primary anti-CD105 (1:25), anti-CD34 (1: 100), and
anti-CD45 (1: 100) antibodies from Abcam (USA), and goat anti-CD73
(1:25) and anti-vimentin (1:25) antibodies from Santa Cruz Biotech-
nology (USA). Following further processing, they were analyzed under a
Nikon 80i fluorescence microscope.

For phenotype analysis by flow cytometry, the cells were first incu-
bated with the primary antibodies (CD105, CD73, CD9o, CD34, CD45,
and CD79) for 45 min at 4 °C. After washing in phosphate-buffered
saline, they were incubated with phycoerythrin- or fluorescein
isothiocyanate-conjugated secondary antibodies for 30 min. Following
this, 10,000 events were acquired on the FACSCalibur flow cytometer
and FlowJo software was used to analyze the data obtained.

2.4. Gene expression by RT-qPCR

Total RNA was extracted using TRIzol Reagent (Life Technologies,
USA) and reverse transcribed into ¢cDNA using SuperScript III (Invi-
trogen, USA), following the manufacturers’ protocols. The cDNA was
then subjected to quantitative PCR (qPCR) using SYBR Green Supermix
(Bio-Rad, USA). Each sample was run in triplicate. Primers for specific
genes were synthesized using Primer3 software (v. 0.4.0) or were
available from the Harvard Primer Bank online. The conditions of the
PCR cycles were as follows: 30 sat 95 °C, 30sat 95 °C, 30sat 60 °C, and
45 s at 72 °C for 50 cycles. Melting curve analysis was then conducted to
verify the amplification specificity. All analyses were done by absolute
quantification, with the levels of the target genes normalized to that of
the GAPDH gene as a reference control, using standard curves.

2.5. MSC differentiation potential

To determine the osteogenic differentiation potential of the MSCs, 5
% 103MSCs/mL were cultured in osteogenic differentiation induction
medium (STEMPRO Osteogenesis Kit; Gibco, USA), with a change of the
medium on every other day for 14 days, according to the manufacturer's
recommendations. The cells were then stained with 2% Alizarin Red S
(Sigma-Aldrich, USA) for 5 min.

For observation of their adipogenic differentiation potential,sa 104
MSCs/mLwere cultured in induction medium (STEMPRO Adipogenesis
Kit, Gibco, USA), with a change of the medium on every other day for 14
days. The cells were then evaluated by staining with 1.25% Oil Red O
(Sigma-Aldrich, USA) for 5 min.

For determination of their chondrogenic differentiation potential, the
MSCs were cultured in a conical tube at high cell density (557 107 cells/
mL) in a micromass system. After centrifugation and disposal of the
maintenance medium, chondrogenic differentiation induction medium
(STEMPRO Chondrogenesis Kit; Gibco, USA) was added, followed by
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homogenization and further centrifugation. The tube was maintained in
an oven at 37 °C with 5% CO., with change of the differentiation medium
on every other day for 21 days, following the manufacturer's recom-
mendations. For fixation of the micromass cells, 4% paraformaldehyde
was added. The cells were then dehydrated in serial dilutions of ethanol,
embedded in paraffin blocks, and further processed according to routine
histological protocols. The blocks were cut into 5-pum-thickness sections
that were then stained with 1% Alcian Blue solution for 10 min.

2.6. Chromosomal stability analysis

The numerical chromosomal stability of cells of the P4, P6, and P8
passages was analyzed. To obtain the cells at metaphase, 100 uL of
0.016% colchicine solution (Gibco, USA) was added to 5 mL of the cul-
ture and the cells were kept in a 37 °C oven for 1 h. The cells were then
dissociated with trypsin and transferred to a conical tube for centrifu-
gation at 556 g for 10 min. The supernatant was discarded and the cell
pellet was resuspended in a 0.075 M hypotonic solution (KCl) and kept in
a 37 °C oven for 10 min. Subsequently, Carnoy's fixative solution
(methanol:acetic acid, 3:1) was added, and the mixture was homoge-
nized and centrifuged; this process was repeated two more times. Finally,
the pellet was resuspended in 2 mL of the fixative and the cells were
stored under 6 °C refrigeration. For visualization of the chromosomes,
slides containing the cells were stained for 3 min with 10% Wright so-
lution diluted in phosphate buffer (pH 6.8), and 15 metaphase cells of
each passage were analyzed under a Leica DM1000 optical microscope.
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Images of the best metaphase cells were captured using the GenASIs
platform (Applied Spectral Imaging, USA), which is also used for

karyotyping.
2.7. Statistical analysis

Descriptive statistics were used as appropriate. The Friedman test at
5% significance was applied to determine the median treatment effect for
the locomotion and myoclonus scores before and after three infusions
and after one year.

3. Results

After 24 h, it was possible to observe the adherence of some of the
MSCs to the plastic surface of the culture flask, and the cell confluency
reached 80% after 48 h (Fig. 1A, B). After thawing, the cells propa-
gated rapidly, maintaining a fibroblastic morphology in all the pas-
sages analyzed (P1-P8) (Fig. 1C), with a mean viability of 94.7%
(Fig. 2A). The mean viability of the infused cells was 97.5% (P3) and
98.5% (P4).

In the immunocytochemical evaluation, the analyzed samples were
positive for the mesenchymal labels CD105, CD73, and vimentin, and
negative for the hematopoietic cell markers CD34 and CD45 (Fig. 1D-I).
In the flow cytometric analysis, the cells showed positivity for the CD105,
CD73, and CD9o markers, whereas the CD79, CD34, and CD45
hematopoietic cell markers were undetectable (Fig. 2B).

Fig. 1. A, B, and C: Photomicrography of the
canine mesenchymal stem cell (MSC) culture
after two days of isolation, after six days at
cell confluence, and at the P1 passage after
thawing, respectively. Scale bar: 100 pm
(5%). D-I: Immunocytochemical character-
ization of MSCs, with positive labeling for the
mesenchymal markers CD105, CD73, and
vimentin, and negative labeling for the he-
matopoietic markers CD45 and CD34, as
evidenced by the DAPI-stained cell nucleus.
Scale bar: 100 pm. J: Osteogenic differentia-
tion, demonstrated by Alizarin Red colora-
tion of the extracellular calcium matrix. L:
Adipogenic differentiation, demonstrated by
Oil Red O coloration of the lipid droplets. M:
Chondrogenic differentiation, demonstrated
by Alcian Blue staining of the proteoglycans.

Vimentin

Scale bar: 100 pm (5X%).
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Fig. 2. A: Trypan blue dye exclusion test of cell viability in passages P1—P8. B: Phenotype analysis by flow cytometry of mesenchymal stem cells (MSCs) positive for
markers CD105, CD73, and CD9o, and negative for CD79, CD34, and CD45. C: RT-qPCR analysis of MSCs with CD44 and CD105 expression, and absence of CD29,

CD45, Oct4, Nanog, and Sox2 expression. D: Canine MSCs at the end of metaphase. E: Karyotype of the canine MSCs, showing 2n % 78.

As determined by RT-qPCR, the analyzed samples did not express
pluripotency-related genes (Nanog, Oct4, and Sox2), as expected. How-
ever, they showed CD44 and CD105 expression (mesenchymal cell
markers) and had no expression of CD29 and CD45 (hematopoietic cell
markers) (Fig. 2C).

With regard to the cell differentiation processes, the MSC culture
produced an extracellular calcium matrix in the osteogenic differentia-
tion medium, revealing cells with osteogenic characteristics (Fig. 1J).In
the adipogenic differentiation medium, the cells had a rounded shape
and accumulation of lipid droplets in their cytoplasm, indicative of adi-
pogenic differentiation (Fig. 1L). Histologically, the micromass thathad
formed under the induction of the chondrogenic differentiation medium
showed rounded cells surrounded by a glycosaminoglycan matrix
(Fig. 1M).

The numerical chromosomal stability of the MSC cultures was suc-
cessfully demonstrated. Cells in the analyzed passages (P4, P6, and P8)
maintained the diploid number of 78 chromosomes for the domestic dog
(Fig. 2D, E).

In the evaluation after the first autologous infusion of MSCs, the c1
and c4 animals presented changes in the neurological examinations when
compared with the initial examination and at the time of admission of the
canine patients to the study. That is, c1 presented normal locomotion of
the right pelvic limb and the absence of both motor incoordination when
walking and spontaneous falls. The c2 and c3 animals did not present
changes in the neurological analysis, whereas the c4 tetrapareticanimal
showed the absence of cervical rigidity, being able to support its head,
which alleviated the initial difficulty in eating and allowed self-feeding
without the help of the owner.

After the second MSC infusion, although the c2 animal maintained
paresis and hypertonia of the right pelvic limb, it presented with normal
conscious proprioception and normal patellar reflex of this limb. Despite
that it still had motor incoordination while walking, the animal showed
improvement in relation to spontaneous falls.

The c1 and c¢3 animals did not present any changes in this second
neurological examination. In contrast, although the c4 animal remained
tetraparetic, it presented with normal muscle tone in all limbs and
normal conscious proprioception in the thoracic limbs, and maintained
decreased proprioception in the pelvic limbs. In the neurological exam-
ination after the third MSC infusion, no changes were observed in
relation to the previous evaluations in all four patients.

At one year after the last MSC infusion, the c1 and c¢3 dogs did not
present changes in their neurological examination. The c2 animal
presented with functional ambulation without incoordination and
without hypertonia of the right pelvic limb. The ¢4 animal presented with
normal proprioception of the pelvic limbs, and started to stay in station
and to walk with considerable incoordination.

With regard to the myoclonus, improvement occurred after the first
infusion of MSCs in the c1 animal and after the third administration in
the c2 and c4 animals. During the treatment, the c¢3 animal showed no
changes in its myoclonus scale. After one year, the myoclonus of animals
c1 and c3 had decreased to a mild intensity (Grade III), whereas that of
animals c2 and c4 remained at a moderate degree (Table 1).

On the basis of the neurological evaluation scale for distemper [12],
we can conclude that the use of MSCs was successful when the animal
was at Grade I for locomotion and Grade I, II, or III for myoclonus. The
three infusions of MSCs at 30-day intervals were successful in one animal
only in terms of locomotive improvement, whereas they were successful
in changing the myoclonus from Grade V (intense) to Grade IV (moder-
ate) in three animals. However, in the evaluation at one year post
treatment, three animals regained functional ambulation (Grade I),and
all four animals were able to move independently (Grades I and II).
Moreover, two animals presented with Grade III (mild) myoclonus.

Finally, the Friedman test was applied to compare the median treat-
ment effect in the group for the locomotive and myoclonic degrees. The
results revealed that there were no significant differences before and after
the three infusions, and before and after one year of treatment (Fig.3).

4. Discussion

We emphasize that depending on the virulence of the virus strain, and
the age and immune status of the dog, distemper can be fatal in many
cases [2]. This justifies the low number of animals used in this study,
since we aimed to select only dogs with sequelae of neurological lesions
(demyelinating leukoencephalitis) caused by the distemper virus, all of
which had already been treated conservatively and conventionally but
did not show recovery of their motor integrity. The dogs of this study did
not present with multisystemic clinical symptoms and had no changes in
their laboratory test findings, such blood counts and negative RT-qPCR
for the virus, in accord with the animals recommended by Gebara et al.
[19] and Nelson and Couto [20].
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Table 1

Evolution of the neurological conditions in dogs following mesenchymal stem cell therapy.

Evaluation Clinical signs Pre-infusion 30 days after 1st infusion 30 days after 2nd infusion 30 days after 3rd infusion 1 year after infusions
C1 Locomotion Monoparesia TM-R (II) Normal (I) Normal (I) Normal (I) Normal (I)
Myoclonus Intense (V) Intense (V) Moderate (IV) Moderate (IV) Mild (II1)
Muscle tone 3 PL-R 2 PL-R 2 PL-R 2 PL-R 2 PL-R
Proprioception 1 PL-R 2 PL-R 2 PL-R 2 PL-R 2 PL-R
C2 Locomotion Monoparesia TM-R (II) Monoparesia TM-R (II) Monoparesia TM-R (II) Monoparesia TM-R (II) Normal (I)
Myoclonus Intense (V) Intense (V) Intense (V) Moderate (IV) Moderate (IV)
Muscle tone 3 PL-R 3 PL-R 3 PL-R 3 PL-R 2 PL-R
Proprioception 1 PL-R 1 PL-R 2 PL-R 2 PL-R 2PL-R
Patellar reflex 3 PL-R 3 PL-R 2 PL-R 2 PL-R 2 PL-R
Cs Locomotion Normal (I) Normal (I) Normal (I) Normal (I) Normal (I)
Myoclonus Moderate (IV) Moderate (IV) Moderate (IV) Moderate (IV) Mild (I11)
Cq4 Locomotion Tetraparesia (IV) Tetraparesia (IV) Tetraparesia (IV) Tetraparesia (IV) Ataxia (II)
Myoclonus Intense (V) Intense (V) Intense (V) Moderate (IV) Moderate (IV)
Muscle tone 3TL-L3 TL-R 3TL-L3 TL-R 2 TL-L2TL-R 2TL-L2 TL-R 2 TL-L2 TL-R
3PL-L3 PL-R 3PL-L3 PL-R 2PL-L2 PL-R 2PL-L2 PL-R 2PL-L2 PL-R
Proprioception o TL-Lo TL-R o TL-Lo TL-D 2TL-L2 TL-R 2TL-L2 TL-R 2 TL-L 2 TL-R
o0 PL-LoPL-R o0 PL-LoPL-R 1PL-L1PL-R 1PL-L1PL-R 2 PL-L2 PL-R

TL % thoracic limb; PL % pelvic limb; L % left; R ¥4 right; o ¥4 absent; 1 ¥4 decreased; 2 ¥4 normal; 3 ¥4 increased.

In this context, the literature highlights that the most evident signs of
demyelinating leukoencephalitis in distemper are behavioral disorders,
convulsions, ataxia, tetraparesis, tetraplegia, proprioception and cranial
nerve dysfunctions, muscular atrophy, hyperesthesia, myoclonus, deficits
or abnormal reflexes in the spine, and urinary incontinence, regardless of
the evolution phase of the disease [3]. The neurological changes
observed in the animals selected for this study were related to locomotion
(ataxia and monoparesis), postural reactions (absent or diminished pro-
prioception), spinal reflexes (hyperesthesia), muscle tone (hypertonia),
and myoclonus of various muscle groups, in accord with the literature [3,
20]. Moreover, myoclonus is the most common sign of this condition,
being present without other neurological signs [21], as was the case in
one of the selected animals. Demyelinating leukoencephalitis, the
neurological phase of distemper, has been suggested as a suitable natu-
rally occurring model for the study of the pathogenesis of myelin loss
associated with immune-mediated mechanisms, such as that which oc-
curs in multiple sclerosis [1, 2, 22, 23]. Multiple sclerosis causes a defi-
ciency in motor conduction, with a decrease or blockage of the nerve
signals that control muscle coordination, strength, sensitivity, and vision
[24]. In addition, when considering an experimental model, researchers
search for an attractive species for translational studies, such as dogs,
since they are large, long-living, and genetically diverse, and share many
biochemical and physiological similarities with humans [25].

Unfortunately, there is still no known cure for multiple sclerosis[6].
However, the literature has encouraging data suggesting the use of MSCs

4 Friedman test
p>0.05 m Locomotion
3 Myoclonus
p>0.05
2
p>0.05 p>0.05
1
0
0-90 days 90-360 days

Fig. 3. Friedman test at 5% significance, indicating no significant differences
between the degrees of locomotion and myoclonus in the group before and after
three infusions, and before and after one year of therapy.

as a treatment option for demyelinating diseases, as was demonstrated in
rodent models of multiple sclerosis where MSCs elicited strong anti-
oxidative and neuroprotective effects resulting from the release of anti-
apoptotic molecules and neurotrophins, which led to an improvement in
the clinical evolution of the disease and reductions of both demyelination
and axonal loss [5, 26]. However, the mechanisms underlying the ther-
apeutic effects are still unknown and may involve one or more of the
following possibilities, according to Rivera and Aigner [26]:
transdifferentiation of MSCs in mature neurons and/or functional oli-
godendrocytes (plasticity); immunoregulatory effect on host-derived
immunoreactive cells (immunomodulation); protective effect on the
survival of damaged neurons and/or oligodendrocytes (neuro-
protection); and induction of the differentiation and maturation of neural
precursor cells or oligodendrocyte progenitor cells present at the lesion
site (remyelination).

In the case of dogs, most studies use adipose tissue as the source of
stem cells, where they are collected by non-invasive procedures such as
liposuction or lipectomy, as was done in this study [27]. The protocol for
the isolation and culture of MSCs from this tissue has been described by
several groups [13, 27, 28], and meets the International Society for Cell
Therapy recommendations regarding the characterization of MSCs,
which establish a minimum of three criteria: adherence to the plastic
surface in culture; expression of surface antigen markers (CD73, CD9go,
and CD105) and absence of hematopoietic cell markers (CD11b, CD14,
CD19, CD29a, CD34, CD45, and HLA-DE); and differentiation into at
least three lineages [29]. In the present study, after the enzymatic
isolation of adipose tissue, the canine MSCs adhered to the plastic surface
of the culture bottle, with a fibroblastoid morphology; maintained
chromosomal integrity up to the last analyzed passage (P8); presented
potential for osteogenic, adipogenic, and chondrogenic differentiation;
and were phenotypically and functionally similar to human and canine
MSCs from other previous studies [13, 27, 28, 30].

Onthebasis of rodent assays, as mentioned above, and considering the
advantages of using the dog as an experimental model, Pinheiroetal. [31]
evaluated the use of MSCs derived from the fetal olfactory epithelium of
dogs and delivered intravenously in animals with acute distemper asso-
ciated with symptomatictherapy, but obtained negativeresultsinrelation
to the improvement of systemic and neurological clinical signs. In a ran-
domized study, Brito [32] evaluated the use of bone marrow MSCs,
delivered intravenously into dogs, in the neurological phase of distemper
withmotorsignalsthataffected ambulation, and obtained a positiveresult
in relation to the control group. Recently, Monteiro [33] assessed the ef-
fects of allogenic adipose tissue-derived MSCs on neurological abnormal-
ities in dogs in the chronic phase of distemper, and observed that 13 of the
30 animals had a reduced neurological scale score, albeit most remained
tetraparetic. Despite promising results after a single administration of
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MSCs, both Brito [32] and Monteiro [33] reported a poor health status of
some dogs during the study, which may be related to the acute stage of
clinical symptomatology, which was different from that of our dogs.
Similar to our study, Gongalves et al. [34] recently used dogs with
neurological sequelaeonly aftertreatment ofthe multisystemicsymptoms
of distemper, and performed three intravenous infusions of adipose
tissue-derived MSCs, but theirs were allogenic. In that study, based on the
numerical scale proposed by the authors for evaluation, attenuation of the
clinical signs was observed after 15 days and was maintained throughout
the 180 days of observation, but with statistical differences only for the
urinary incontinence and fecal incontinence variables.

In our present uncontrolled clinical trial, the autologous use of adi-
pose tissue-derived MSCs by the intra-arterial route on every 30 days,
totaling three infusions, resulted in improvement of the neurological
status of the animals, with one dog regaining functional ambulation and
achieving a reduction of the myoclonic intensity to Grade IV (moderate).
However, consistent improvements were observed in the evaluation after
one year post treatment, where three animals regained functional
ambulation (GradeI), all animals moved independently (Grades I and II),
and two animals presented Grade III myoclonus (mild).

The route of MSC administration is an important variable that can
define the success of a transplant by interfering directly with the efficient
delivery of cells to the site of interest [35]. The venous system, being the
least invasive route, has been the one most often used. However, in
addition to a lack of knowledge regarding the actual cellular concen-
tration required to reach the desired lesion area, studies have shown that
MSCs accumulate rapidly in the lungs, spleen, and liver after adminis-
tration [35, 36]. However, by bypassing the initial uptake by the lungs,
administration through the arterial system resultsin a greater availability
of cells to ischemic sites, but may lead to a greater probability of
microvascular occlusions [37]. In our study, no side effects related to
short-term and long-term intra-arterial MSC administrations were
observed, and choice for the femoral artery was considered due to easier
access compared to the carotid artery or intrathecal route.

We believe that the indiscriminate commercialization of stem cells as
a form of “treatment” of various diseases (including for the recovery of
canine distemper sequelae) is unacceptable in both veterinary medicine,
since it cannot be stated categorically that this therapy does in factlead to
the healing of patients. This is a current concern in many countries owing
to the lack of regulations and control for the clinical use of stem cells in
veterinary medicine, allowing for the increasing offer of the service by
private companies and resulting in the implementation of therapies that
lack proven effectiveness either in vitro or in preclinical animal studies
[38, 39]. The US Food and Drug Administration's Center for Veterinary
Medicine was the only legislative body to formally publish specific def-
initions and recommendations for stem cell use through guidelines [40],
where cell-based products must follow the same legal requirements that
apply to other animal drugs, forcing the industry to prove efficacy and
manufacturing quality and safety prior to commercialization [38].

Despite the promising results regarding the alleviation of the severity
of the disabling lesions of demyelinating leukoencephalitis caused by
distemper (considered irreversible and often incompatible with animal
life), our findings are considered limited because of the small sample size,
and future studies should involve a greater number of animals. In addi-
tion, both in vivo and in vitro studies should be performed to determine
the mechanisms underlying the therapeutic effects of MSCs in dog with
neurological sequelae of distemper. In this context, the technology of
induced pluripotent stem cells, from genetically modified and reprog-
rammed adult cells [41], would be a powerful tool in basic research,
tissue differentiation research, and disease modeling, as well as being
promising for future clinical applications.

5. Conclusions

Our results indicate that the strategy of three intra-arterial infusions
of 1 X 10 MSCS, with a 30-day interval in between administrations,

appears to be safe in dogs with demyelinating leukoencephalitis caused
by the distemper virus, and presents moderate efficacy for the rehabili-
tation of neurological signs after recovery from a multisystemic infection,
with considerable improvements in the neurological status of the animals
after one year of cell therapy. However, further extensive investigations
are needed for a better understanding of the mechanism of action of these
MSCs on the injured nervous tissue and the time of recovery, in future
studies that include a larger number of animals, placebo group and
investigation of other routes of administration.
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The lack of clear regulations for the use of veterinary stem cells has triggered the commercialization of unproven experimental
therapies for companion animal diseases. Adult stem cells have complex biological characteristics that are directly related to the
therapeutic application, but several questions remain to be answered. In order to regulate the use of these cells, well-conducted,
controlled scientific studies that generate high-quality data should be performed, in order to assess the efficacy and safety of the
intended treatment. This paper discusses the scientific challenges of mesenchymal stem cell therapy in veterinary regenerative
medicine, and reviews published trials of adipose-tissue-derived stem cells in companion animal diseases that spontaneously

occur.

Keywords Adipose-derived stem cell (ASC) - Cat - Cell therapy - Dog - Small animal

Introduction

Cell therapy in veterinary medicine is a reality. Several com-
panies around the world have been offering the use of autol-
ogous or allogeneic mesenchymal stem cells (MSCs) as a
treatment option for various diseases that affect companion
and competition animals, indicating the commercial potential
of this innovative technology in the current bioeconomic cli-
mate [1, 2].

Adipose-derived stem cells (ASCs) are the most common
source of commercialized cells because they are easily har-
vested and a large number of cells can be obtained in a single
procedure, either by liposuction, biopsy, or minor surgery [3,
4]. The therapies offered are made using ASCs or stromal
vascular cells from adipose tissue that are expanded in culture
and stored in cell banks [5].

In most countries, stem cell commerce is not controlled by
regulatory agencies. In 2015, the Veterinary Medicine Center
of the US Food and Drug Administration (FDA) published
specific definitions and recommendations for cell-based vet-
erinary products, and stated that MSCs should follow the same
regulations as are applied to drugs, so safety, efficacy, and
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product quality must be proven by well-conducted research
[6, 7].

In addition to a lack of regulation, and although the exact
characterization, mechanism of action, and definitive efficacy
of MSCs remain uncertain, cellular therapy in veterinary med-
icine is performed under high public demand, which is rein-
forced by positive anecdotal reports; however, these reports
are based on a small number of patients without adequate
controls, or studies involving case series or case reports [8].
Therefore, most of the clinical literature on the use of MSCs
for animal therapy are studies that do not meet the gold stan-
dard of evidence-based medicine through randomized con-
trolled trials [9, 10]. In veterinary science, conducting such
studies is difficult because of logistical and economic limita-
tions associated with such study designs, limited sample sizes,
and inter-species variability [9].

This paper discusses the scientific challenges of MSC ther-
apy in regenerative veterinary medicine, and reviews pub-
lished trials of ASCs in companion animal treatments for
spontaneously occurring diseases.

Mesenchymal Stem Cells or Medical Signaling
Cells?

In the 1960s, Friedenstein et al. [11] identified bone marrow
cells with osteogenic potential, because a fibroblast-like sub-
population adhered to the culture plastic and exhibited the
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ability to expand into a colony forming unit. Later, Owen [12]
proposed that non-hematopoietic stem cells are present in
bone marrow, and Caplan [13] named them mesenchymal
stem cells, based on their multipotent mesodermal capacity.
Mesenchymal stem cells in almost all adult tissues are respon-
sible for the maintenance and recovery of tissues against dis-
ease and injury [14].

Stem cells are classically defined as undifferentiated cells
with a capacity for differentiation and self-renewal [15], and
adult stem cells could be used in tissue engineering as an
alternative to embryonic stem cells [16].

Mesenchymal stem cells have been isolated from a variety
of'tissues [reviewed in 17, 18], and characterized based on the
minimum criteria established by the International Society of
Cell Therapy (ISCT). Mesenchymal stem cells exhibit good
proliferation capacity as adherent cells in culture systems, dif-
ferential trilineage (osteogenic, chondrogenic, and
adipogenic) potential, and both positive and negative specific
phenotypic expression for a panel of cell-surface markers [19].

Several studies have suggested that in vitro ectodermal and
endodermal potentials could make mesenchymal stem cells
promising options for the treatment of a variety of diseases
[17, 20]. In addition, mesenchymal stem cells have immune
privileges because they do not express human leukocyte anti-
gen complex (or major histocompatibility complex) class 11
surface antigens, and CD40, CD80, and CD86 costimulatory
molecules avoid immunological surveillance and T cell recog-
nition, making them candidates for autologous as well as al-
logeneic therapy [21, 22].

However, the lack of a definitive mesenchymal stem cell
marker confounds the interpretation of these studies [23]. The
search for the origin of mesenchymal stem cells has found
similarities between the expression of cell-surface markers
and isolated vascular pericytes [24, 25], and pericytes corre-
spond to MSCs in vivo and are the source of cultured MSCs,
which could explain their possible isolation from almost all
adult tissues [26].

Moreover, the in vivo capacity of MSCs remains unclear,
and the secretion of bioactive molecules highlights the thera-
peutic potential of mesenchymal stem cells in the tissue repair
process [27]. Translational models have shown that the pro-
duction of trophic and immunomodulatory factors can have
regenerative, anti-inflammatory, angiogenic, anti-apoptotic,
mitotic, anti-fibrotic, anti-bacterial, and anti-tumor effects
[18, 28-34]. The mesenchymal stem cell secretome has para-
crine effects, which strongly suggests that their natural func-
tion in vivo are as signaling cells at sites of injury or inflam-
mation [35-37].

Twenty-six years after being named “mesenchymal stem
cells”, Caplan [27] stated that the nomenclature was scientif-
ically and therapeutically misleading and proposed that they
be called “medicinal signaling cells” instead, in order to more
accurately reflect their therapeutic potential. Caplan’s [27]
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concern is that calling them mesenchymal stem cells infers
tissue repair through the differentiation and replacement of
damaged cells and results in the unregulated marketing of
MSC, which patients sometimes think is miraculous.

Although Caplan’s [27] nomenclature is extremely impor-
tant for human regenerative medicine and veterinary medi-
cine, this review will maintain the nomenclature of
“mesenchymal stem cell, MSC”, in accordance with the
ISCT and studies published in the field of regenerative medi-
cine for companion animals.

Characterization of Companion Animal MSCs:
Adipose Tissue

Despite numerous studies using high-quality scientific tech-
nology, the heterogeneity of human MSC populations makes
definitive cell characterization inherently challenging [38].
Although MSCs that are isolated from different tissues share
the same characteristics, they differ in their therapeutic poten-
tial [39]. It is highly probable that the MSC secretome varies
with anatomical location, and which tissue source may be
suitable for a particular clinical situation has not yet been
established [18].

Since the first record of adherent cells obtained from the
stromal vascular fraction (SVF)-cultivation of lipo-sucked ad-
ipose tissue having multipotent potential [40], this cell popu-
lation has become one of the most studied in the field of
regenerative medicine, with numerous studies describing its
biological aspects, its possible in vitro pluripotency, and its
use with translational models [reviewed by 20, 41, 42].

Initially named “processed liposuction cells”, the Zuk et al.
[40] method of obtaining them is based on the enzymatic
digestion of the adipose tissue extracellular matrix for the
isolation of the SVF. A heterogeneous population of red blood
cells, fibroblasts, endothelial cells, smooth muscle cells,
pericytes, and preadipocytes is maintained under conditions
suitable for eliminating contaminating cells and obtaining a
consistent adherent layer. In order to provide a consensus
among the variety of terminologies published for this popula-
tion of cells, the term “adipose-derived stem cells” (ASCs)
was adopted at the 2nd International Federation for Adipose
Therapeutics and Science Annual Conference, which is fre-
quently used [20].

Interest in adipose tissue as a source of MSCs for possible
clinical applications is based on easy access to tissue and an
abundance of isolated cells, in comparison with bone marrow
and other sources [4, 43—46].

Several studies that have characterized the ASCs of differ-
ent species have been published in the last two decades, in
accordance with the minimum criteria proposed for human
MSCs [3, 47-58].



Stem Cell Rev and Rep

The first studies in dogs and cats focused on cell morphol-
ogy and proliferation, flow cytometry, and trilineage differen-
tiation, in order to reflect the early human literature on the
subject and the criteria established by the ISCT [3, 47, 52,
59, 60]. However, adherence to a culture flask is the only
universal criterion for application between species [38].
Being able to express cell-surface markers with a human-
cell-based panel and a small pool of commercially available
reagents capable of cross-reacting with canine and feline spe-
cies has been challenging [61]. In addition, several studies
have included protocol modifications for the demonstration
of in vitro multipotency due to the different responses of ca-
nine and feline ASCs to traditional protocols for differentia-
tion induction, particularly chondrogenic [3, 59, 62-65].

By shifting the focus to MSC non-progenitor functions,
some studies have established a more detailed profile of the
cell-surface markers, gene expression, and immunomodulato-
ry capacity of ASCs in dogs and cats [38, 61, 66—73].
However, cellular aspects that are directly related to the ther-
apeutic application remain poorly defined, and, as in the hu-
man literature, it is difficult to compare studies due to differ-
ences in isolation, culture, reagents, and measurements [61].

A consensus among research protocols, better manufactur-
ing consistency, and improved biological characterization (in-
cluding immunomodulatory potential and secretory capacity
analysis) would improve our understanding of the impact of
each factor on the safety and efficacy of veterinary ASCs in
clinical trials [8].

Regulation of Cell-Based Therapy
in Regenerative Veterinary Medicine

The ethical and regulatory aspects of human stem cell therapy
are important and most countries have some bioethical legis-
lation, depending on the type of cellular product used [10]. For
cell-based therapies, many countries have used existing regu-
latory frameworks for conventional pharmaceuticals, while
others have developed new rules for biological products or
have adapted rules for drugs and medical devices for cell
therapies [19].

In contrast, in regenerative veterinary medicine, the lack of
clear regulations for the use of animal stem cells for clinical
purposes has resulted in private veterinary clinics offering
treatment without adequate research into the efficacy of cell
therapy against several diseases [74-76].

The only legislative institution to date to formally publish
specific definitions and recommendations for cell-based veter-
inary products in response to increased clinical use in animals is
the Veterinary Medicine Center of the FDA. Here, products
containing cell material based on stem cells or whole blood
derivatives are called animal-cell-based products, which meet
the legal definition of a “drug” as they are intended to treat,

control, or prevent a disease or other condition [6]. Therefore,
for the FDA, the same legal and regulatory requirements that
apply to other animal drugs also apply to products based on
animal cells, and before they can be legally marketed they must
be reviewed and approved, and experimental data should be
analyzed to ensure that the product is safe, effective, and of high
quality [10, 76]. However, this is not entirely clear, because the
FDA specifically states that the document issued provides guid-
ance and “does not establish legally binding obligations.”

For regulatory purposes, the FDA does not define specific
in vitro or in vivo models that are necessary or generate exper-
imental data on animal species. Instead, the focus is on clinical
trials that use naturally sick animals, under the tutelage of pro-
prietors, in duly registered trials at the agency [7]. These rec-
ommendations may support regulatory agencies in other coun-
tries to require private companies to perform well-conducted
and controlled scientific studies with high-quality data in order
to elucidate the efficacy and safety of cell treatments [10].

In Brazil, the use of stem cells in human medicine is still
exhaustively discussed and closely monitored by the National
Agency of Sanitary Surveillance based on Law N° 11.105,
known as the Biosafety Law, which authorizes the use of
embryonic and adult stem cells in research projects. In veter-
inary medicine, there is no regulation or supervision by the
authorities responsible, namely the Ministry of Agriculture,
Livestock, and Supply (MAPA) and the Federal Council of
Veterinary Medicine (CFMV), resulting in the uncontrolled
commercialization of stem cells.

It is worth noting that according to the Veterinarian’s Code
of Ethics (CFMV Resolution N° 1138/16), it is forbidden for
veterinarians to divulge information on professional subjects
in a sensationalist, promotional, untruthful, or scientifically
unproven way, or to prescribe medicines without registration
with a competent authority. In addition, following the Good
Practices in Clinical Research [77], experimental therapies in
veterinary medicine should be restricted to use in clinical trials
within defined study protocols.

In human medicine, there is great concern that the popular-
ization of unproven cell therapies may adversely affect the
legitimate development of evidence-based cellular therapies,
and that direct marketing to consumers may weaken the reg-
ulatory instruments that are designed to protect patients from
physical injury and financial exploitation [78]. Therefore, the
use of therapies that are of unproven efficacy should be strictly
supervised, instead of unethically promoting products of
doubtful clinical efficacy and with possible unknown long-
term risks [79].

ASC-Based Therapy in Companion Animals

Companion animals (pets) are treated as family members, and
because of the long-term treatment of chronic diseases, the life
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expectancies of dogs and cats have increased [75]. However,
many diseases in veterinary medicine are non-responsive to
conventional treatments, and regenerative therapy using cell-
based products is seen as a promising alternative [8].

In the last decade, the number of private laboratories that
market ASCs has increased considerably. There is a dearth of
data on small animals, with only a few pilot trials, low-quality
veterinary clinical trials, and/or pre-clinical trials as transla-
tional models for human medicine conducted (Table 1). Of
the 22 studies selected from 2008 to 2018, 17 were on dogs
(allogeneic ASCs =10, autologous ASCs=5, SVF=1, SVF
versus allogeneic ASCs=1) and 5 were on cats (allogeneic
ASCs =4 and autologous ASCs = 1), and the aims and quality
of the studies varied widely, with most (17/22) being obser-
vational, without any control or randomization.

Controlled, randomized clinical trials play a crucial role in
generating the best scientific data on the efficacy and safety of
therapeutic interventions, and are now classified in terms of
the benefits and risks of a potential medicine and are required
to obtain marketing authorization [101].

FDA regulatory guidelines concern the safety of veterinary
MSCs used in clinical trials and evaluations of tumorigenicity
and immunogenicity, donor selection criteria, adventitious
agent transmission, long-term safety, safety of repetitive ap-
plications, cell survival, biodistribution, and ectopic tissue
formation [6]. Most of the studies selected had only the min-
imum ISCT criteria, and only four evaluated other parameters,
such as karyotype [86, 93, 96], biodistribution [89], and im-
munomodulatory potential [93, 96].

In allogeneic transplant trials, donors have only been de-
scribed as being in good health, and only three studies have
included careful health evaluations [85-87]. Adipose tissue
can be subcutaneous or visceral abdominal, and obtaining
ASCs involves using different culture conditions, duration,
and preparation techniques, which makes it impossible to
compare studies of the same product, i.e., manufacturing
consistency.

The routes of administration used in the studies were sys-
temic intravenous (8/22) or directly at the site of interest (14/
22) (Table 1). Adverse effects reported after intravenous ap-
plications were related to allergies [87], and those at the site of
application were related to pain [82] and swelling [85].
Adverse effects are undesirable effects that occur during or
after a therapeutic intervention, whereas adverse events are
events that may occur during the period of treatment with a
drug but without necessarily indicating a causal relationship,
and should be identified during the clinical stages of a trial of a
new product [102]. Only one trial has reported all adverse
events occurring during the stipulated follow-up time (test
group, n = 6; control group, n=9) [86].

The lengths of the tests ranged from 1 to 24 months, with
many being 6 months long (10/22). ASC therapy for chronic
diseases that are unresponsive to conventional treatments is an
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alternative to long-term anti-inflammatory and immunosup-
pressive treatments and their side effects [103]. In order to
approve any class of drug, short-term safety is not required
by regulatory agencies; however, the undesirable effects of
biological products are greater, given the important immuno-
logical processes that are derived from the treatment [104]. In
addition, the underlying mechanism of action of MSCs is not
fully understood, and may influence multiple physiological
processes [61].

Dosages vary considerably among trials. For example, the
number of cells applied by the intra-articular route for canine
osteoarthritis ranges from 4 to 30 x 10° cells. Five trials that
used the intravenous route applied dosages that were based on
the animals’ weights [92, 93, 95, 99, 100]. Conducting pre-
clinical trials by experts in the field of the disease under in-
vestigation is a key preliminary step for clinical trials, and
without them, the number of cells that are commercially used
in veterinary patients is entirely empirical.

Methods of comparing treatment efficacy between trials
include measuring physiological parameters, conducting spe-
cific tests and examinations, and using analogue visual scales
and numerical scoring scales for quality of life. Evaluations
scored by the animal’s owner are recognized by regulatory
agencies as having important advantages, because the stress
of animals in an unknown clinical environment may mask
clinical signs, so observations in the family environment
may provide a better evaluation of some parameters [86].
However, well-conducted trials with blind evaluations are cru-
cial [105], because owner perception can be affected by a
desire for improvement, and by participating in the study.
Only two of the trials were randomized with a placebo control
[86, 99].

MSCs have been used for a long time in veterinary ortho-
pedics, which has the largest number of publications of ASC
studies that have investigated canine osteoarthritis (OA)
(9/22) (Table 1). The main focus has been to investigate
disease-modifying effects by inducing short-term cartilagi-
nous regeneration and anti-inflammatory effects, reducing
the constant need for pain medication and its side effects
[76]. Trials have been conducted on dogs with OA on the hips
[80-83], elbows [60, 84, 85], and both [86, 87], with different
degrees of joint involvement, ages, weights, and breeds. All
analyzed the effects of a single dose of cells, including SVF
and allogeneic or autologous ASCs, alone or in association
with other biological products, such as platelet-rich plasma or
hyaluronic acid. The majority (8/9) used the intra-articular
route, but one study applied the cells at acupuncture points
[83] and another used the intravenous route in cases of more
than one joint affected [87].

Although the results of all OA studies have indicated a
positive therapeutic benefit with no clear regenerative effects,
the duration of the beneficial effect varied considerably (from
90 to 360 days), according to the follow-up time. However,
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Author

Administration Result

route

Evaluation

Administration

route

Ne cells

Treatment

Species Study design

Table 1 (continued)

Disease
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cats and 0/4 placebo cats

after 2 months

questionnaire and fecal

consistency scale

or

placebo--

controlled group

(n=4)
Allogeneic ASCs

[100]

No significant changes in

Clinical parameters (UPC, Evaluation at

v

2x10° kg

8

Randomized,

Feline

Chronic kidney

months 2, 4, clinical parameters

6, and 8

creatinine, complete

blood count,

(n=4).
Three applications

placebo--

disease

controlled

biochemical profile,
and urine analysis)

(14 days apart)

or

placebo--

controlled group

(n=4)

AAV2 Adeno-Associated Virus 2 Ttyrosine Mutant, AO Osteoarthritis, CADESI Canine Atopic Dermatitis Extent and Severity Index (version 03 or 04), CCECAI Canine Chronic Enteropathy Clinical

Activity Index, CIBDAI Clinical Inflammatory Bowel Disease Activity Index, CODI Cincinnati Orthopedic Disability Index, ASCs Adipose Stem Cells, AVS Analogic Visual Scale, fPLI Feline Pancreatic

Lipase Immunoreactivity, fTLI Feline Trypsinlike Immunoreactivity, /A Hyaluronic Acid, /A Intraarticular, /V intravenous, VI Vertical Impulse, PVF Peak Vertical Force, PRGC Plasma Rich in Growth

Factors, PRP Platelet Rich Plasma, SDAJ Stomatitis Disease Activity Index Scoring System, UPC Urine Protein-to-Creatinine

the only trial that has been performed in accordance with the
requirements for double-blind randomized regulation reported
that at 60 days, there were no statistical differences in the
effect of allogeneic ASCs between the test group and the pla-
cebo group [86]. Considering the variation in the number of
cells used and the different methods applied, there is a need for
studies on the duration of the beneficial effects of allogeneic
and autologous ASCs and intra-articular SVF without inter-
ference from tissue sampling, in order to further evaluate ther-
apy efficacy and feasibility for canine OA.

A large proportion of the trials (9/22) were conducted
based on the immunomodulatory and anti-inflammatory prop-
erties of MSCs in patients that were unresponsive to currently
available treatments for diseases of great clinical importance
in small animals (Table 1). For ophthalmologic diseases, allo-
geneic transplantation into the lacrimal glands was performed
in three tests: two in dogs with varying degrees of keratocon-
junctivitis sicca [90, 91] and one in cats with eosinophilic
keratitis [96].

Using intravenous systemic infusion, the effects of ASCs
were evaluated in two trials on feline chronic gingivostomatitis
using autologous ASCs [97] and allogeneic ASCs [98], in treat
inflammatory bowel disease in dogs using autologous ASCs
[95], in treat feline chronic enteropathy using allogeneic
ASCs [99], and in two trials on canine atopic dermatitis using
autologous ASCs [92] and allogeneic ASCs [93]. Other trials
(4/22) investigated debilitating conditions and diseases respon-
sible for morbidity and mortality, which in experimental models
have shown promising results [106], and because of the impor-
tance for human medicine, reach higher visibility for hopeful
owners. These trials evaluated the transplantation of allogeneic
ASCs in dogs with severe chronic spinal cord injury by intra-
lesional percutaneous application guided by digital x-ray [89],
in dogs with intervertebral disc disease combined with decom-
pressive surgery [88], in dogs with dilated cardiomyopathy by
retrograde coronary infusion [94], and in cats with chronic kid-
ney disease by the intravenous route [100].

Overall, the results of the above-mentioned trials are clin-
ically relevant, and are of great importance for ASC research
inpet diseases. However, many studies lack quantitative data
for analysis [96], had inconclusive results [97, 98], insuffi-
cientdata[92,94], weretoo short [88-91,93,95,99], or were
well-conducted placebo-controlled trials with an insufficient
amount of data obtained [ 100]. Therefore, the scientific basis
of the potential and efficacy of treatments for different dis-
eases isunclear. Thereis alack ofunderstanding of the mech-
anism of action that supports their clinical use, and poor
standardization of preparation methods that ensure the qual-
ity and consistency of the cellular product. High-quality,
carefully conducted trials should be conducted by veterinary
specialists in specific diseases, in order to gather reliable
evidence of the safety and efficacy of the product for use in
canine and feline patients.
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Challenges and Expectations of Cell-Based
Therapy in Regenerative Veterinary Medicine

Trials that have used MSCs against spontaneously occurring
pet diseases raise questions that preclude meaningful conclu-
sions regarding the efficacy and safety of therapy. Many of
these studies lack crucial aspects such as statistical power,
blind groups, and appropriately sized controls, with no pro-
gression beyond pilot data; therefore, the results should be
interpreted with caution [10, 76].

These trials also reflect the scientific challenges faced in
MSC research regarding product variability, which makes ef-
ficacy difficult to assess. These include variations in material
and manufacturing processes (method, culture time, and cryo-
preservation), a lack of species-specific reagents, variable tis-
sue sources and donors, and a lack of biological characteriza-
tion [8, 9, 75].

From a regulatory perspective, collecting data in well-
conducted trials will overcome the challenges associated with
product variability, and ideally, the standardization of prepa-
ration methods will allow for more direct comparisons be-
tween trials [10]. Setting standards and recommendations for
products based on animal cells, such as the guidelines
established by the FDA in the US, will reinforce the need
for evidence of the efficacy and safety of the product prior to
commercialization. Therefore, the challenges faced by manu-
facturers and researchers in maintaining the consistency of
product manufacturing will impact our understanding of cell
biology, and drive the development of safe and effective re-
generative therapies [8, 10].

Scientific research in veterinary medicine lags behind that
in human medicine [75]. The clinical investigation of new
therapies is divided into successive and staggered phases with
increasing levels of complexity and exposure, in which poten-
cy testing, for example, is a regulatory requirement for ad-
vanced clinical trials [107]. This is crucial for elucidating
whether the cellular product has the intended effect at a spe-
cific dose, which ensures manufacturing consistency and the
delivery of an effective product [108].

However, due to the complex nature of cell-based products,
standardization with engineering and manufacturing is a chal-
lenge that needs to be overcome, as recognized by regulators
[76]. In addition, analyzing a single effector pathway for a
positive clinical finding may be misleading because MSCs
have several properties that are induced by different mecha-
nisms of action, which depend upon the microenvironment in
which they are to be inserted and the receptor immune status
[109, 110]. With the recognition of such challenges, rigorous-
ly designed and monitored clinical studies should be per-
formed as a means of gathering reliable evidence regarding
the safety and efficacy of cell-based products [78].

However, veterinary clinical research still faces limited
funding and a lack of support, so researchers have

increasingly recognized the important role that companion
animals play as translational preclinical models that are rele-
vant to cell-based therapy in humans [9, 61, 74, 75, 89, 111].
Naturally occurring diseases in dogs and cats may reflect ge-
netic, environmental, and physiological variations present in
the human population, and natural complexity would counter-
act the tide of reductionism of “one molecule, one target” [75,
111]. A multidisciplinary approach through collaboration
among scientists, physicians, and veterinarians to promote
the use of pet diseases as translational models would lead to
consistent advances [103]. Another practical solution would
be the formation of alliances between veterinary practitioners
and veterinary researchers, which would promote treatment
being provided in a predefined manner and results that could
be analyzed, in contrast to the current trend, in which many
treatments of animals under the custody of their owners are
not recorded [10].

Conclusions

Without regulation, MSC therapies are currently offered and
marketed at high cost for the treatment of a variety of pet dis-
eases, despite the fact that there is little evidence of their effica-
cy and safety. In human medicine, the ISCT is concerned that
the popularization of unproven cell therapies could harm pa-
tients and negatively affect the legitimate development of
evidence-based therapy, and warns that although there is a long
history of biomedical advances, there is also a long history of
abuse and profits from the sale of unproven medical interven-
tions [78]. Without a response from regulatory bodies, such
concerns extend to veterinary medicine. It is up to the regula-
tory and oversight institutions of each nation to proceed with
the scientific development of MSC therapy. Until then, veteri-
narians should carry out their ethical and moral duty and help
owners tutors make informed decisions, and ensure that they
understand the risks of any unproven experimental therapy.

In conclusion, there is a disregard for the lives of diseased
animals when stem cells are indiscriminately marketed with
the promise of a cure or an effective improvement in the
symptoms. All of this could be avoided if the following ques-
tions were answered: is an animal’s life worth less than the life
of a human being? What if the worst happens- tell the costum-
er to buy another pet?
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CONCLUSAO GERAL

O uso de células-tronco mesenquimais do tecido adiposo, pela via intra-arterial, em
caes com leucoencefalite desmielinizante provocada pelo virus da cinomose, mostrou ser um
procedimento sem efeitos adversos no periodo de 12 meses apés a aplicacdo, com moderada
eficacia no quadro neurologico.

Todos os cées apresentaram melhora na qualidade de vida durante o ano de
acompanhamento ap0s as aplicacBes, 0 que demonstra relevancia clinica com grande
importancia para pesquisa em pacientes humanos com esclerose multipla, devido as
semelhancas na fisiopatologia da doenca. Entretanto, assim como o0s artigos
supramencionados em revisdo, que abordaram o uso de células-tronco derivadas do tecido
adiposo, em doencas de cdes e gatos com ocorréncia espontanea, a fundamentacéo cientifica
ainda é pouco clara, e dessa forma, expomos a preocupacdo medica de que a auséncia de um
posicionamento regulatério possa afetar negativamente o desenvolvimento legitimo de
terapias celulares, além de expor os pacientes a riscos de danos fisicos e exploracdo

financeira, mediante o comércio de terapias ainda experimentais.
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