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ABSTRACT. Distemper disease is an infectious disease reported in
several species of domestic and wild carnivores. The high mortality
rate of animals infected with canine distemper virus (CDV) treated
with currently available therapies has driven the study of new
efficacious treatments. Mesenchymal stem cell (MSC)-based therapy
is a promising therapeutic option for many degenerative, hereditary,
and inflammatory diseases. Therefore, the aim of this study was
to characterize stem cells derived from the canine fetal olfactory
epithelium and to assess the systemic response of animals infected
with CDV to symptomatic therapy and treatment with MSCs. Eight
domestic mongrel dogs (N = 8) were divided into two groups: support
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group (SG) (N = 5) and support group + cell therapy (SGCT) (N = 3),
which were monitored over 15 days. Blood samples were collected on
days 0, 6, 9, 12, and 15 to assess blood count and serum biochemistry
(urea, creatinine, alanine transferase, alkaline phosphatase, gamma-
glutamyl transferase, total protein, albumin, and globulin), and urine
samples were obtained on days 0 and 15 for urinary evaluation (urine
I). The results showed a high mortality rate (SG = 4 and SGCT = 2),
providing inadequate data on the clinical course of CDV infection.
MSC therapy resulted in no significant improvement when administered
during the acute phase of canine distemper disease, and a prevalence of
animals with high mortality rate was found in both groups due to the
severity of symptoms.
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INTRODUCTION

Canine distemper virus (CDV) is an RNA virus of the genus morbillivirus, which is
distributed worldwide and affects several species of domestic and wild carnivores. It affects
members of the Canidae, Felidae, Mustelidae, Viverridae, Procyonidae, and Cercopithecidae
(Qui et al., 2011; Cottrell et al., 2013; Lempp et al., 2014). Infection with CDV results in
acute, subacute, or chronic clinical presentation, which primarily affects the respiratory,
gastrointestinal, and nervous systems (Mangia and Paes, 2008; Martella et al., 2008; Sonne et
al., 2009; Carvalho et al., 2012; Lempp et al., 2014). Conventional treatment of CDV infection
is based upon symptomatic and supportive therapy (McCandlish, 2001) and has not been very
effective. Numerous antiviral drugs used in in vitro and in vivo studies have shown promise for
the treatment of CDV infection; however, at present, no effective and safe antiviral treatment
exists for dogs infected with CDV (Elia et al., 2008; Mangia et al., 2014; Trejo-Avila et al.,
2014). Due to the lack of effective treatments and the severity of clinical signs, which often
progress to irreversible neurological sequelae, euthanasia is often a frequent indication for
animals with canine distemper (Ueda et al., 2008).

Stem cells are undifferentiated cells that possess the characteristics of self-renewal
and differentiation (Dominici et al., 2006; Bydlowski et al., 2009; Nery et al., 2013). Basal
cells in the olfactory epithelium are considered to be stem cells owing to their pluripotent
ability to generate support cells or olfactory cells, and may be characterized as mesenchymal
stem cells (MSCs) (Alves, 2009, unpublished). MSCs have low immunogenicity, potential
immunomodulatory effects, and therapeutic promise owing to their efficient inhibition of
growth and activation of various cellular components of innate and adaptive immunity, which
reduce inflammation and promote tissue repair in the treatment of inflammatory diseases
(Marti et al., 2011; Sanchez-Berna et al., 2015).

Dueto the lack of effective agents to treat canine distemper, and the immunomodulatory
role of MSCs in the control and treatment of inflammatory diseases, the aim of this study was
to characterize stem cells derived from the canine fetal olfactory epithelium and to assess their
application in dogs infected with CDV in the acute phase of disease.
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MATERIAL AND METHODS
Isolation and culture of fetal canine olfactory epithelial stem cells

The study protocol was approved by the research ethics committee (13.1.1757.74.6)
of the Faculty of Animal Science and Food Engineering, University of Sdo Paulo, Brazil.
Twenty canine fetuses in the last third of gestation were collected from the uteri of domestic
dogs of mixed breed. Fragments of the olfactory epithelium were washed and degraded with 1
mL Tryple Express 0.25% (Invitrogen, Carlsbad, USA). The cells were cultured on plates with
Dulbecco’s modified Eagle medium/nutrient mixture F-12 (DMEM/F12) medium (Invitrogen,
Carlsbad, USA) supplemented with 15% fetal bovine serum, 1% non-essential amino acids,
1% L-glutamine, and 1% penicillin/streptomycin, and incubated at 37°C with 5% CO? and
relative humidity close to 80%.

Cryopreservation

Cells were cultured at a density of 1 x 10° cells in passage one and were then frozen.
DMEM/F-12 medium, supplemented with 45% fetal bovine serum and 10% dimethyl
sulfoxide, was used. The cells were frozen over 24 h at -80°C and were then transferred and
stored in liquid nitrogen until use.

Growth curve

Cells at a density of 3 x 10* (passage one) were used to determine the cell doubling
time, by counting every 2 days and replating at the same density. Similar procedures were
performed at each subsequent passage until passage eight. The population doubling time was
calculated in each passage as Ct/Cd, where Ct represents culture time between passage n and
passage n + 1, and Cd represents the cell doubling. Cd was calculated using the formula Cd =
In (nf/ni)/In2, where nf represents harvested cells and ni represents seeded cells.

Colony forming assays

Colonies of 1 x 103 cells of each primary culture were plated on DMEN/F12 medium.
After 11 days, the growth medium was discarded, and adherent cells were fixed in 4%
paraformaldehyde (Sigma, St. Louis, MO, USA) and stained for 15 min using 0.1% Giemsa.

In vitro differentiation assays

To promote osteogenic and adipogenic differentiation, 1 x 10° cells were cultured in
StemX Vivo™ Human/Mouse Osteogenic/Adipogenic Base Media (R&D, Minneapolis, USA)
supplemented with penicillin-streptomyciun. When the osteogenic and adipogenic cells had
reached approximately 70 and 100% confluence, respectively, differentiation medium was added
(R&D, Minneapolis, USA). After 21 days, the cells were fixed with 4% paraformaldehyde and
stained by Alizarin red and Sudan Black, respectively. For chondrogenic differentiation, 2.5 x
10° cells were placed in Falcon tubes with 5 mL StemXVivoTM Human/Mouse Chondrogenic
medium (R&D) supplemented with penicillin-streptomyciun. After 3 days, the cells were
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resuspended in 2 mL differentiation medium (R&D). The pellets were maintained in medium
containing a differentiator for 21 days and were then fixed, stained, and analyzed using Alcian
Blue and Masson’s trichrome staining. For neurogenic differentiation, 3 x 10° cells were
placed on microscope slides. After reaching 80% confluence, 0.5 pL monoetilglicerol (Sigma)
was added to each well. After 24 h, cells were fixed for immunocytochemical analysis.

Immunocytochemical analysis

Cells were cultured and prepared for immunocytochemical analysis as previously
described (Sampaio et al., 2015) using a panel of mesenchymal (CD73, CD90, and CD105),
hematopoietic (CD34, CD45, and CD79) (Santa Cruz Biotechnology, Santa Cruz, CA, USA),
and neuronal markers [GFAP(GF5), nestin (SP103), and beta I1I Tubulin] (Abcam, Cambridge,
UK) with the respective secondary antibody (Abcam; Alexa Fluor 488 Invitrogen, Carlsbad,
CA, USA).

Teratoma formation assays

Teratoma formation assays were performed by administering 3 x 10° mesenchymal
cells (passage 3) via intramuscular (i.m.), subcutaneous (s.c.), or intraperitoneal (i.p.) injection
to two immunodeficient (BALB/c-nude) mice, with physiologic saline solution used as a
negative control in one mouse. After 60 days, the animals were euthanized in a gas chamber.
Thick tissues were stained with hematoxylin and eosin.

Pre-clinical test

For pre-clinical testing, a double-blind randomized trial was performed using eight
dogs without distinguishing criteria of gender and breed and vaccination protocols inadequate
orunvaccinated, based on clinical and neurological findings (Table 1, Figure 1). CDV positivity
was confirmed by RT-PCR. Animals were subdivided into two groups: support group (SG)
(N =5) and support group + cell therapy (SGCT) (N = 3). The animals were monitored for
15 days and received symptomatic treatment according to systemic and neurology clinical
presentation. Animals were subjected to clinical evaluations every 3 days, during which
physical and neurological examinations were performed and samples were collected for
laboratory analyses.

RT-PCR assay

On the first day (day 0), blood and urine samples were collected and stored at -80°C
until processing. RNA was extracted from 300 puL of urine or blood using the TRIzol® method
(Life Technologies, USA), according to the manufacturer instructions. The commercial
vaccine Nobivac® Puppy DP (MSD Animal Health, New York, NY, USA) containing live
attenuated virus from the strain Onderstepoort was used as a positive control and nuclease-free
water was used as a negative control.

Primers were selected to amplify gene N of CDV by hemi-nested RT-PCR, as described
by Di Francesco et al. (2012). Suspected clinical cases were confirmed by amplifying a 180-bp
fragment of the N gene of the Onderstepoort strain by hemi-nested RT-PCR (Table 2).
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Table 1. Number of animals with systemic clinical and neurological signs by treatment group.

Sign Suport group Suport group + cellular therapy
Abdominal pustules 1 (20%)

Ataxia 5 (100%) 2 (66.6%)
Alterations in cranial nerves 2 (40%) 2 (66.6%)
Apathy 2 (40%)

Cough 2 (40%)

Decreased proprioception 1 (20%)

Decubitus permanent 1(33.3%)
Deficits of locomotion 4 (80%) 3 (100%)
Diarrhea 1 (20%)

Dyspnea 1 (20%)

Emesis 3 (100%)
Fatigue 3 (60%)

Head deviation 1 (20%)

Hipodipsia 1 (20%)

Hyporexia 3 (60%) 1(33.3%)
Hypermetria 1 (20%)

Hyperexcitability 1 (20%)

Hyperkeratosis of digital region 1 (20%)

Myoclonus 2 (40%) 2 (66.6%)
Muscle atrophy

Night crying

Nystagmus 1 (20%)

Nasal secretion 2 (40%) 1 (33.3%)
Paresis 1 (20%) 2 (66.6%)
Scaly skin 1 (20%)

Secretion ocular 3 (60%) 1(33.3%)
Shake of the head 1 (20%)

Sialorrhoea 1(33.3%)
Spasticity members 1(33.3%)
Urinary incontinence 1(33.3%)
Tremors 2 (40%)

Trismus 1 (33.3%)

Walk in circles 1 (20%).

Figure 1. Photographs showing the main clinical signs observed in animals during physical examination:
A. animal presenting neurological dysfunctions, including ataxia, lockjaw, and myoclonus, and systemic
signs such as ejection episcleral vessels; B. bilateral mucopurulent ocular discharge; C. unilateral purulent
ocular discharge anisocoria; D. hyperkeratosis cushions podais; E. presence of pustules in the abdominal
region; F. unilateral ocular purulent discharge and anisocoria.
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Table 2. Primers used for hemi-nested RT-PCR.

Primer Sequence (5'-3") Gene Product (bp)
C2 AAGATCTGCCGGCAAAGTAAGCTCTG N 350
REV1441 CGGTCATCGTCGTTTCCATC

FW1261 CACTCAGAAAGATCCGAAGTCA N 180

Source: Di Francesco et al. (2012).
Laboratory exams

Blood samples were collected on days 0, 6, 9, 12, and 15 by venous puncture and
packaged in tubes containing 7.5% EDTA. Total cell counts were determined using automated
hematology equipment (BC Vet in 2800, Mindray, China). Differential leukocyte counts were
obtained from blood smears subjected to Rosenfeld staining. Biochemical analyses were
performed with samples collected on days 0 and 15, which were screened to determine serum
urea, creatinine, alanine transferase, alkaline phosphatase, gamma-glutamyl transferase, total
protein, albumin, and globulins with an automated biochemical analyzer (BS 120, Mindray,
China). Urinalysis type I was performed with urine samples collected on days 0 and 15 using
an urethrovesical probe. Physical examination involved analyzing the color, odor, appearance,
and density of urine. Chemical examination determined the levels of urobilinogen, glucose,
ketones, bilirubin, protein, the pH, and the presence of occult blood. For the sediment analysis,
the urine was centrifuged, and a drop of the sediment was used for microscopic assessment.

Treatment
All animals received symptomatic treatment based on their clinical presentation
according to Table 3. On day 3, animals were randomized and inoculation with 1.0 x 10%kg

stem cells derived from the fetal olfactory epithelium or saline solution in a single intravenous
injection.

Table 3. Received symptomatic treatment based on the clinical presentation.

Active Principle Dose Interval (h) Route of administration
Antiemetics Metoclopramide hydrochloride 0.5 mg/kg 8 s.c.
Ondansetron 0.22 mg/kg 8 iv.
Gastric mucosa protectors Ranitidine 2 mg/kg 12 s.c.
Cimetidine 5 mg/kg 8 s.C.
Omeprazol 1.5 mg/kg 24 p-o.
Antipyretic Dipyrone sodium 25 mg/kg 8 s.C.
Vitamin complex Vitamins A 400 IU/kg 24 p-o.
B complex 250 meg/kg 24 im.
Vitamin C 250 mg/animal 24 p-o.
Vitamin E 5 mg/kg 24 p-o.
Systemic antimicrobials Sulfametoxazol + Trimetoprima 25 mg/kg 12 s.C.

s.c. = subcutaneous; i.v. = intravenous; p.o. = orally; i.m. = intramuscular.

Statistical analysis

Data were analyzed using the statistical program Statistical Analysis System (SAS,
9.3) with prior verification of normal errors by the Shapiro-Wilk test. Original data were
submitted to ANOVA. Repeated measures was used to factor in the different sampling times.
The probabilities of interactions with time were determined by the Greenhouse-Geisse test
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using the REPEATED command generated by the MIXED procedure (SAS PROC MIXED).
Analyses were performed only for the time when the interaction between time and treatment
was significant. In all statistical analyzes, the significance level was 5%.

RESULTS
Characterization of cells
All cells were grown under controlled conditions (38.5°C and 5% CO,) and the

presence of adherent cells was observed after 24 h in culture. The cells presented fibroblast-
like morphology (Figure 2A-B). Following cryopreservation, cells were 67% viable.
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Figure 2. Photomicrograph of plates showing cultured mesenchymal stem cells: A. passage PO, 5 days after cultiva-
tion 20X (bar: 100 pm); B. passage PO, 5 days after cultivation 40X (bar: 50 um); C. and D. colony forming units
obtained after cultured mesenchymal cells derived from canine fetal olfactory epithelium were subjected to Giemsa
staining; E. very rapid growth of cells during the first two passages and a back drop with a stationary trend. F. Graph
showing the number of days required for cell doubling. Bars: A. 100 um (20X); B. 50 um (40X); D. 50 pm (20X).

Cells were maintained over an 11-day period until colony formation was observed.
Colonies were counted on three plates and an average of 118.3 colonies was found (Figure 2C-D).

After successive passages, the growth curve showed accelerated growth at the
beginning of the culture period (with a predominance of proliferation in the third passage)
with proliferation gradually decreasing to the eighth passage (Figure 2E). The doubling time
was consistent over subsequent passages. The gradual decrease in the rate of proliferation is
consistent with increasing passages (Figure 2F).
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Morphological changes were observed in cells cultured in adipogenic differentiation
media after 21 days, with the formation of intracytoplasmic vacuoles, observed by stained with
Sudan lack (Figure 3A-D). After 21 days in osteogenic differentiation media, cells exhibited
extracellular mineral deposition when stained with Alizarin Red (Figure 3E-H). Collagen
fibers were stained with Masson’s trichrome and Alcian Blue at 21 days of culture (Figure
31-L). After 24 h in neurogenic differentiation media, cells showed morphological changes of
cells with grouping neuro-formed beads (Figure 3M-P).

Figure 3. Differentiated plates; A. B. photomicrographs of cells undergoing adipogenic differentiation stained
with Sudan Black. C. D. culture of undifferentiated cells; E. F. photomicrographs of cells undergoing osteogenic
differentiation stained with Alizarin Red; G. H. culture of undifferentiated cells; 1. J. photomicrographs of cells
undergoing chondrogenic differentiation, collagen fibers subjected to Masson’s trichrome staining are shown in
blue; K. L. collagen fibers stained by Alcian Blue are shown in blue; M. N. photomicrographs of cells undergoing
neurogenic differentiation. O. P. culture of undifferentiated cells. Bars: (A, C, E, G, I, K, M, N, and O) 50 um
(20X); (B, D, F, H, J, and L) 20 um (40X).

This cell lineage showed positive expression of mesenchymal markers, CD73, CD90
and CD105 (Figure 4A-C), negative expression of specific hematopoietic cell markers CD34,
CD45, and CD79 (Figure 4D-F), positive expression of neuronal markers b tubulin, and
negative expression of GFAP and nestin (Figure 4G-I).

Genetics and Molecular Research 15 (2): gmr.15028310 ©FUNPEC-RP www.funpecrp.com.br



Stem cell therapy in canine distemper disease 9

-
Figure 4. Photomicrographs of cells subjected to immunocytochemistry for mesenchymal, hematopoietic, and neural
markers; A. positive staining for CD73; B. positive staining for CD90; C. positive staining for CD105; D. expression
of negative marker CD34; E. negative staining for CD45; F. negative staining for CD79; G. positive staining for

neuronal marker 3 Tubulin; H. negative staining for GFAP; 1. negative staining for nestin. Bars: (A, B, C, D, E, F, G,
H, 1) 50 pm (40X).

In the teratoma formation test, no teratomas were observed macroscopically at the
inoculation points or in the internal organs. Histopathological analysis of muscle fragments,
brain, lung, heart, liver, kidney, spleen, and intestine, revealed no morphological changes
(Figure SA-L).

Pre-clinical test

Using RT-PCR, 80% CDYV positivity was observed in urine samples and 20% CDV
positivity was observed in the analyzed blood samples. Significant variance was recorded
between groups in the levels of platelets, eosinophils, and lymphocytes. However, there
was no significant variation over time. Significant variance was recorded for hematocrit and
hemoglobin values over time. Hematologic values are shown in Tables 4 and 5. Biochemical
analyses failed to show statistical differences between groups, collection days, or any
interaction between days and groups. No significant differences were observed between
the two groups in the urine, physical examinaton, chemical, and sediment parameters. Two
SGCT animals presented with cloudy urine, which contained bacteria and white blood cells,
indicative of bacterial cystitis.
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Figure 5. Photomicrographs showing control animals and stem cell inoculated animals; A. subcutaneous
inoculation in the neck; B. BALB/c nude mouse; C. subcutaneous region of the application site. Photomicrographs
of different organs (Crt: untreated; Inoc: stem cell inoculated D. macroscopic view of the brain; E. F. microscopic
view of the brain from Crt animal; G. macroscopic view of the liver from Inoc animal; H. macroscopic view
of the lung; I. microscopic observation of the Crt animal lung (v: vein; a: alveoli; b: bronchia); J. microscopic
observation of the Inoc animal lung showing the alveoli, blood vessels, and bronchi (b: bronchi); K. microscopic
observation of the liver from Crt animals (vp: portal vein; h: hepatocytes); L. microscopic observation of the
liver showing the lumen of the vein and the hepatic parenchymal hepatocytes (vc: cav vein; h: hepatocytes; s:
sinusoid). Bars: J. 100 um (5X); F. I. and L. 100 um (10X); E. K. 100 pm (20X).

Table 4. Statistical differences between treatment groups.

SG SGCT

Average SD Average SD
Red blood cells (x 10%/uL) 4.86 0.99 5.45 0.55
Hemoglobin (g/dL) 12.99 3.01 14.35 1.02
Hematocrit (%) 3548 8.21 38.56 2.77
Reticulocyte (%) 0.24 0.78 0.00 0.00
VCM (fL) 7291 5.56 72.54 6.54
HCM (fL) 26.62 2.39 2646 2.71
CHCM (%) 36.61 1.60 36.55 1.37
Erythroblasts 1.18 2.36 0.14 0.36
Platelets (103/uL) 301,636.36* 206,040.91 587,928.57* 376,874.69
Leukocytes (x 103/uL) 14,815.38 10,968.96 12,280.00 4,495.74
Rod cells 31.77 114.55 543.33 705.93
Segmented 11,767.69* 8,960.37 10,203.60* 3,798.11
Eosinophils 69.69* 102.15 224.60* 232.69
Lymphocytes 1,497.23 1,156.55 780.73 1,183.28
Basophils 5.85 21.08 7.47 28.92
Monocytes 1,443.15 1,762.19 964.93 432.48

Statistics: Tukey test. *Smaller P values indicate a significant difference between groups. GS = group support;
SGTC = group support + cell therapy; SD = standard deviation.
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Table 5. Statistical differences in relation to time.

Day 0 Day 6 Day 9 Day 12 Day 15
Average SD Average SD Average SD Average SD Average SD
Red blood cells (x109uL) 4.37 1.04 491 058 551 041 5.79 047 5.58 081
Hemoglobin (¢/dL) 11.04° 293 13.25% 054 14.43°% 1.44 15.28° 1.43 15.35° 0.90
Hematocrit (%) 31.20° 6.96 35.80% 235 39.38% 458 42.65° 3.86 39.95% 237
Reticulocytes (%) 043 1.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
VCM (L) 7022 4.07 73.52 6.19 7175 6.92 74.08 7.76 74.63 6.49
HCM (L) 25.12 1.46 27.18 244 26.25 255 26.50 351 27.78 295
CHCM (%) 3584 131 37.17 1.22 36.68 1.30 35.75 1.46 37.28 1.93
Erytroblasts 0.20 045 1.50 321 033 052 0.50 1.00 025 0.50
Platelets (107/uL) 34420000 | 29296194 414,00000 | 339.865.27 458,83333 274,705.96 52500000 | 358,902.96 | 622.750.00 544,293.04
Leukocytes (x10/uL) 14,712.50 11.628.71 12.016.67 6772.12 1543333 8627.55 12.175.00 4320.78 11.425.00 5653.54
Rod cells 82.60 184.70 40.00 80.00 0.00 0.00 0.00 0,00 490.00 753.79
11,580.13 8632.94 9906.83 5847.65 12919.67 8027.12 10.460.25 3966.62 864825 4665.03
inophil 85.38 159.34 112.83 115.28 267.17 325.74 24150 137.97 86.50 12257
Lymphocytes 1590.50 1736.92 976.67 1040.27 818.33 693.08 573.25 688.56 1347.00 1295.44
Rod cells 0.00 0.00 0.00 0.00 1267 31.03 0.00 0.00 28.00 56.00
i 1423.63 1992.36 1020.33 1108.10 1388.83 960.59 900.00 689.65 947.75 17430

Different lowercase letters in the same line represent statistically different values between days, regardless of the
test used. SD = standard deviation. CHCM = Mean corpuscular hemoglobin concentration.

A high mortality rate was observed following the treatment and monitoring period, and
was prevalent in both the SG and SGCT animals. In the SG animals, mortality during treatment
was 80% and survival rate with complete recovery was 20%. In SGCT animals, the mortality
rate was 66.6% and the survival rate was 33.3%, without significant clinical improvement.

DISCUSSION

Olfactory epithelial cells have been widely studied in human and animal randomized
clinical studies involving the central nervous system (Granger et al., 2012). In a previous
study, Alves et al. (2007) reported that the canine olfactory epithelium gives rise to a cell
lineage that is responsible for cell renewal. These cells showed fibroblast-like morphology
and adhered to the surface of the cell culture vessel. These findings are specific for MSCs
and have also been reported by Bydlowski et al. (2009). Peak cell growth was achieved in the
third passage and then then decreased in subsequent passages, as reported by Lockhart (1971)
and Vidane et al. (2014). When cultured at low densities, these cells form clusters (colony
forming units), which may be used to quantify the number of MSCs in various tissues after
transplantation (Nardi and Meirelles, 2006).

In the present study, we showed that MSCs derived from the canine olfactory
epithelium can be cryopreserved for long periods without depreciation of the self-renewal
capacity, which is consistent with the findings of Edamura et al. (2014). Immunocytochemical
analyses showed that the canine olfactory epithelium stained positive for mesenchymal specific
markers CD105, CD73, and CD90 and negative for CD34, CD45, and CD79. Regarding
neuronal markers, GFAP was used, which is the principal structural component of astrocytes
in adult animals, nestin and B tubulin. These cells were positive for  tubulin and nonspecific
for GFAP and nestin. However, Alves (unpublished results) reported that all neuronal markers
were expressed. Cells in the third passage were submitted to osteogenic, adipogenic, and
chondrogenic differentiation. After 21 days, morphological changes were observed, which
were consistent with osteogenic, adipogenic, and chondrogenic cells, similar to the findings
in MSCs (Dominici et al., 2006; Alves, 2009 [unpublished findings]; Bydlowski et al., 2009;
Wenceslau et al., 2011; Vidane et al., 2014).

No teratomas were observed in the carcinogenic potential assay, and similar findings
were described by Vidane et al. (2014) and Wenceslau et al., (2011) in other MSC lineages.

Various antemortem tests can be used for the diagnosis of CDV infection in the
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laboratory; however, in some cases, definitive diagnosis remains uncertain (Curti et al., 2012).
According to those authors, the chromatographic immunoassay kit used to detect the canine
distemper antigen is not effective for diagnosis of the neurologic form of viral infection when
compared to the detection of CDV due to neurological changes in the experimental animals. The
results of hemi-nested RT-PCR are consistent with data obtained by Negrao et al. (2007) who
reported 90.4% positivity of all analyzed samples and 70.4% positivity of blood samples. These
data confirmed the high sensitivity of urine samples when compared to blood samples (Gebara et
al., 2004; Negrao et al., 2007; Alcalde et al., 2013). According to McCandlish (2001), the clinical
signs of CDV infection are variable and can be influenced by intrinsic and extrinsic factors such
as age, physical condition, immune status, and the strain of virus involved.

Regarding blood parameters, previous studies have reported the presence of normocytic
normochromic anemia (Mendonga et al., 2000), leukocytosis or leukopenia, and lymphopenia
(Silva et al., 2005). The present data are consistent with normocytic normochromic anemia
and neutrophilia in the early stages of treatment, and lymphopenia. Biochemical analyses are
nonspecific in dogs with CDV according to McCandlish (2001). We found changes in liver
function by way of hepatobiliary enzymes, which can be explained by the use of antimicrobials
such as sulfamethoxazole/trimethoprim and their metabolism in the liver. During CDV
infection, urinalysis results are nonspecific according to McCandlish (2001). In the present
study urinalsis revealed bacterial cystitis, which may have been caused by paresis and urinary
retention identified in these animals.

Animals in the SG and SGCT groups received treatment based on clinical symptoms
and laboratory findings, which consisted on antipyretics, vitamin complexes, antibiotics, and
intravenous fluids according to electrolyte imbalance. These therapies are indicated for the
treatment of canine distemper to control the clinical symptoms of CDV infection (Sherding,
2008; Nelson and Couto, 2010; Curti et al., 2012). MSCs derived from the fetal canine
olfactory epithelium (1.0 x 10%kg), were intravenously transplanted through the cephalic vein
to SGCT animals. This technique requires a large volume of cells because some cells are lost
at the first passage through the lungs; therefore, there is a risk of pulmonary thromboembolism
due to the large cell volume (Fischer et al., 2009). However, in this study, no adverse effects
were observed during or after MSC transplantation. Conversely, intravenous transplantation
enables the activation of paracrine, anti-inflammatory, immunomodulatory, and anti-fibrotic
mechanisms, which are important in stem cell-based therapies (Deak et al., 2010; Quimby
et al., 2013). A high mortality rate was observed in both groups, which may be related to
acute clinical and neurological symptoms and to the severity of the disease. This is thought to
be reserved in the initial phases and severe in the advanced and neurological phases, where
irreversible consequences or animal death may occur (Correa and Correa, 1979).

In conclusion, the protocol used in the present study using canine olfactory epithelial
cells is not effective for dogs with CDV infection due to the severity of the systemic and
neurological presentation. We suggest that further studies using infected animals in the
chronic phase of the disease are needed due to the stabilization of the clinical and cellular
characteristics of stem cells, which can initiate a potential systemic inflammatory process to
control canine distemper virus.
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