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Keratoconjunctivitis sicca (KCS) is a dysfunction in tear production associated with clinical signs, which 
include conjunctival hyperemia, ocular discharge, discomfort, pain, and, eventually, corneal vascularization 
and pigmentation. Immunosuppressive drugs are routinely administrated for long periods to treat KCS but with 
side effects and limited results. Evaluation of the clinical benefits of intralacrimal transplantation of allogeneic 
mesenchymal stem cells (MSCs) in dogs with mild–moderate and severe KCS was done. A total of 24 eyes 
with KCS from 15 dogs of different breeds were enrolled in the present study. A single transplantation of 
MSCs (1 × 106) directly into lacrimal glands (dorsal and third eyelid) was performed. The Schirmer tear tests 
(STTs) and ocular surface improvements were used to assess short- and long-term effects of these cells. The 
STTs were carried out on day 0 (before MSCs transplantation) and on days 7, 14, 21, and 28, as well as 6 and 
12 months after MSC transplantation. Our data demonstrate that allogeneic MSC transplantation in KCS dogs 
is safe since no adverse effects were observed immediately after transplantation and in short- and long-term 
follow-ups. A statistically significant increase in the STT and ocular surface improvements was found in all 
eyes studied. In all the eyes with mild–moderate KCS, STT values reverted to those of healthy eyes, while in 
eyes with severe KCS, although complete reversion was not found, there was improvement in tear production 
and in other clinical signs. Our study shows that a single dose of a low number of MSCs can be used to treat 
KCS in dogs. In contrast to immunosuppressive drug use, MSC transplantation has an effect over a long period 
(up to 12 months), even after a single administration, and does not require daily drug administration.
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INTRODUCTION

Keratoconjunctivitis sicca (KCS), also known as “dry 
eye syndrome,” is a common ocular disease in dogs result-
ing from lacrimal gland (LG) inflammation and decreased 
tear production. KCS can occur either as a quantitative 
deficiency in the aqueous component of tears or as a 
qualitative deficiency in the lipid or mucin layers of the 
tear film, causing tear film instability, with potential dam-
age to the ocular surface1. This damage is characterized 
by the presence of mucoid ocular discharge, conjunctival 

hyperemia, blepharospasm, recurrent corneal ulceration, 
corneal vascularization, fibrosis, and, eventually, corneal 
pigmentation. In severe cases, dense corneal opacifica-
tion (clouding) or corneal perforation secondary to deep 
ulceration can lead to blindness or even loss of the eye2–4. 
The diagnosis of quantitative KCS is based on typi-
cal ocular surface changes, as well as on dysfunction in 
tear production, which is evaluated by biomicroscopy 
of the anterior segment and by the Schirmer tear test 
(STT), respectively. The STT determines whether the eye 
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produces enough tears to keep it moist and ranges from 
normal (15–25 mm/min), mild (9–14 mm/min), moderate 
(>4 to 8 mm/min), to severe (£4 mm/min)3.

Any condition that impairs the ability to produce 
adequate amounts of tear film can result in KCS2. 
Local immune-mediated disease is the most widely 
accepted cause of KCS based on histopathology of 
tear-producing glands and on the clinical response to 
immunomodulators2,5,6. However, other systemic diseases 
may also be associated with KCS, such as infection with 
canine distemper virus, hypothyroidism, diabetes mellitus, 
and Cushing’s disease7. In addition, systemic administra-
tion of pharmaceutical agents for long periods and at high 
doses has also been reported to cause dry eye8. The most 
common treatment for KCS is the prescription of immu-
nosuppressive drugs, such as cyclosporine and tacrolimus, 
which may need to be used indefinitely9. Furthermore, 
some authors believe a small number of dogs are resistant 
to the action of cyclosporine10. It is important to explain 
to the owner that the dog with KCS needs constant care, 
such as removal of secretions from around the eyes many 
times a day to minimize irritation of the eyelids, conjunc-
tiva, and cornea. Thus, efforts are being made to develop 
alternative therapies to inhibit the immune response and 
inflammatory processes in order to reduce the suffering of 
animals with KCS and the need for their constant care.

It is known that mesenchymal stem cells (MSCs) are 
powerful regulators of the immune response and that 
they have been shown to be effective in treating vari-
ous immune disorders in human and animal  models11–19. 
Previous studies have already demonstrated safety 
aspects of MSC transplantation into the LG and tear 

production improvement after MSC transplantation in 
dogs with KCS20–22. However, it remains unclear whether 
MSC  transplantation is efficient and leads to a good 
 prognosis—tear production levels reverting to  normal— 
in cases of severe KCS, especially in the long term. 
We thereby carried out the present study to  evaluate the 
effects of MSC transplantation into LGs on tear produc-
tion and clinical signs in dogs with mild–moderate versus 
severe KCS.

Veterinary patients, such as dogs, are increasingly rec-
ognized as critical translational models of human diseases 
because the etiopathogenesis of canine diseases is simi-
lar to that of humans23, particlularly regarding Sjögren’s 
syndrome24,25. Sjögren’s syndrome is a systemic autoim-
mune disease diagnosed by its two most common symp-
toms—dry eyes and dry mouth24. For this reason, canine 
KCS studies may aid in the development of therapeu-
tic interventions that can benefit humans. Over the last 
few years, there has been an increase in the demand for 
sophisticated therapies, such as the use of stem cells, in 
animal companion care, which has led to a surge in stem 
cell studies using dogs26. These studies should provide a 
unique opportunity for assessing both efficacy and safety 
of human adult stem cell therapies that can be translated 
to human medicine.

MATERIALS AND METHODS

Animals
This study comprises a series of dogs with the diag-

nosis of KCS that were enrolled at Campinas, São Paulo, 
SP, Brazil, from January 2014 to March 2015 (presented 
in Table 1). The animal owners signed informed consent 

Table 1. Dog Description, Including Medication Use

Dog Breed Sex
Eye(s) 

Affected
Age 

(Years)
Treatment BF MSC 

Immunosuppressive Drugs
Treatment 
With AT

1 Shitzu M L 3 No Yes
2 Mongrel F R 4 No No
3 Great Dane F R 8 No No
4 Bulldog F R and L 4 No Yes
5 Ihasa Apso M R and L 11 Tacrolimus No
6 Poodle F R and L 6 Tacrolimus Yes
7 Cocker M R and L 10 No No
8 ShihTzu F R 3 No No
9 Beagle M R 5 Tacrolimus Yes
10 Pit Bull F R 11 Ciclosporine Yes
11 Ihasa Apso F R and L 9 Tacrolimus No
12 Lhasa F R and L 5 Tacrolimus No
13 Cocker F R and L 12 Tacrolimus No
14 Lhasa F R and L 8 Tacrolimus No
15 Golden Retriever F R and L 9 Tacrolimus Yes

Artificial treatment (0.2% sodium hyaluronate) was allowed to continue throughout the study. Use of immuno-
suppresants was discontinued 1 month before transplantation and throughout the study. R, right eye; L, left eye; BF, 
before; AT, artificial tears; F, female; M, male.
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forms. All practices adhered to the standards for the 
care and use of laboratory animals established by the 
Universidade Estadual de Campinas (UNICAMP), Brazil, 
and were approved by the Institutional Animal Care and 
Use Committee (Protocol No. 3096-1).

Inclusion criteria adopted were STT value lower than 
15 mm/min for at least 1 year in at least one eye and the 
presence of at least one of the following symptoms: pres-
ence of mucoid ocular discharge, conjunctival hyper-
emia, blepharospasm, corneal vascularization, or corneal 
opacity (Tables 2–5). Animals also had to be regularly 
vaccinated to be included in the study. Exclusion crite-
ria were presence of corneal ulceration, infection pro-
cesses, and other ocular or systemic diseases, including 
the presence of tumors. STT values (presented in Table 6) 
indicate whether the eye produces enough tears to keep 
it moist and are used to classify disease severity as fol-
lows: normal values (15–25 mm/min), mild (9–14 mm/
min), moderate (>4–8 mm/min), to severe (£4 mm/min)3. 
Sixteen eyes were classified as having mild to moderate 
KCS (group 1), and nine were classified as being severely 
affected (group 2) with this disease.

A total of 24 eyes from 15 adult dogs of different sexes, 
mongrel, or mixed breeds, aged between 3 and 12 years, 
participated in this study (Table 1). Nine dogs (5, 6, and 
9–15) were under conventional immunosuppressive treat-
ment upon recruitment and underwent a washout period 
of 1 month before transplantation. Six dogs (1, 4, 6, 9, 10, 
and 15) were receiving artificial tears (sodium hyaluronate 
0.2%; Pfizer, São Paulo, SP, Brazil) at the time of trans-
plantation and were allowed to continue treatment.

Clinical Evaluation

Prior to enrollment, dogs received all essential clinical 
evaluations: physical and imaging evaluations (abdomi-
nal ultrasound and thorax X-ray radiology), and hema-
tocrit and biochemical analyses, which were performed 
in order to exclude other systemic diseases. The STT 
values were recorded using commercial sterile test strips 
(Schering-Plough Animal Health, Kennilworth, NJ, USA) 
placed in the lower conjunctival fornix of each eye and 
maintained there for 1 min before readout. The presence 
of corneal ulcers was excluded using fluorescein staining 
(Fluoresceína Strips Ophthalmos, São Paulo, SP, Brazil).

Table 2. Scores of Short- and Long-Term Ocular Health: Ocular Discharge

Animal/Eye(s)
Ocular 

Discharge BL

Ocular Discharge 
28 Days AF MSC 
Transplantation

Ocular Discharge 
12 Months AF MSC 

Transplantation

1L +++ + −
2R* +++ + −
3R ++ + −
4R + − −
4L ++ − −
5R* +++ + −
5L* +++ + −
6R + + −
6L ++ + −
7R +++ − −
7L* +++ ++ −
8R +++ + +
8L ++ ++ −
9R + − N/A
10R* +++ + N/A
11R +++ ++ N/A
12R* ++ − N/A
12L + − N/A
13R* ++ − N/A
13L ++ − N/A
14R* ++ ++ N/A
14L* +++ ++ N/A
15R ++ ++ N/A
15L ++ ++ N/A

Ocular discharge was graded as absent (−), mild (+), moderate (++), or severe (+++). 
The eye data were collected at BL and 28 days and 12 months AF MSC transplantation. 
BL, baseline; AF, after; N/A, not evaluated.
*Eyes with severe KCS.
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Furthermore, ocular structures were evaluated by bio-
microscopy (Reichert PSL portable slit lamp; Reichert 
Inc., Buffalo, NY, USA), indirect ophthalmoscopy (VOLK 
Panretinal lens; VolkOptical Inc., Mentor, OH, USA), and 
direct ophthalmoscopy (Panoptic 11820 Ophthalmoscope 
with Cobalt Blue Filter and Corneal Viewing Lens; Welch 
Allyn Inc., Skaneateles Falls, NY, USA).

A comprehensive physical and ophthalmologic evalua-
tion with photographic documentation was performed 
before and after the implementation of MSCs. All 
examinations and data acquisition were executed by the 
same researcher.

We developed a clinical scoring system with respect 
to ocular symptoms. The symptoms evaluated were con-
junctival hyperemia, ocular discharge, corneal pigmenta-
tion, and corneal vascularization, which were classified 
as normal (−), mildly affected (+), moderately affected 
(++), or severely affected (+++). These data are presented 
in Tables 2–5.

Adipose Tissue-Derived MSCs

A total of three female 6- to 12-month-old (two ani-
mals of 6 months and one of 12 months) healthy mongrel 

dogs were used to isolate adipose MSCs. Visceral (ovary 
fat) fat samples were collected during elective surgeries 
(surgery independent of the study). Before enrolment, 
dogs underwent routine clinical examination, hemato-
logic evaluation (plasma proteins, red blood cells count, 
white blood cells count, platelet number and hemoglobin 
concentration), and viral screening.

After collection, fat fragments were transported in a 
cooler box, under strict control of temperature, in trans-
port medium composed of Dulbecco’s modified Eagle’s 
medium high glucose (DMEM-H) and 500 U/ml strepto-
mycin and 500 U/ml penicillin (Thermo Fisher Scientific 
Waltham, MA, USA)—the samples were processed within 
2 h. Adi pose tissue cells were isolated using a standard 
protocol based on fragmentation followed by collagenase 
IV digestion, following procedures described in Mambelli 
and coauthors27. The isolated cells were plated at 1 × 105 
on 36-mm dishes (TPP, Trasadingen, Switzerland) with 
DMEM-H supplemented with 15% HyClone fetal bovine 
serum (Catalog No. SH30070-03; Logan, UT, USA), 
100 U/ml streptomycin and 100 U/ml penicillin, 2 mM 
L-glutamine, and 1% nonessential amino acids (all Thermo 
Fisher Scientific), which is here designated as basal culture 

Table 3. Scores of Short- and Long-Term Ocular Health: Hyperemia

Animal/Eye(s) Hyperemia BL
Hyperemia 28 Days AF 
MSC Transplantation

Hyperemia 12 Months 
AF MSC Transplantation

1L ++ − −
2R* +++ ++ −
3R +++ ++ −
4R +++ +++ −
4L ++ + −
5R* +++ + −
5L* +++ + −
6R ++ − −
6L ++ − −
7R +++ − −
7L* +++ − −
8R + − −
8L +++ ++ ++
9R + − N/A
10R* +++ + N/A
11R ++ ++ N/A
12R* +++ +++ N/A
12L + − N/A
13R* ++ + N/A
13L +++ − N/A
14R* ++ ++ N/A
14L* +++ ++ N/A
15R ++ ++ N/A
15L ++ ++ N/A

Hyperemia was graded as absent (−), mild (+), moderate (++), or severe (+++). The eye data were 
collected at BL and 28 days and 12 months AF MSC transplantation. BL, baseline; AF, after;  
N/A, not evaluated.
*Eyes with severe KCS.
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medium. The cultures were incubated at 37°C in a humidi-
fied atmosphere containing 5% CO2. After 4 to 7 days, 
cells were washed twice in phosphate-buffered saline 
(PBS; Gibco, Gaithersburg, MD, USA), dissociated with 
0.25% trypsin (Thermo Fisher Scientific), and expanded 
in 75-cm2 culture flasks (TPP).

The stem cells isolated from each animal did not pres-
ent any differences in MSC markers and differentiation 
potential. All lineages express the principal MSC mark-
ers as defined by the Mesenchymal and Tissue Stem 
Cell Committee of the International Society for Cellular 
Therapy, such as cluster of differentiation 44 (CD44), 
CD73, CD90, CD105, vimentin, and nestin, and are nega-
tive for CD34, CD45, CD31, and Kruppel-like factor 4 
(KLF4) based on immunofluorescence analysis (data not 
shown)27,28. The ability of the cells to differentiate into 
osteoblasts, adipocytes, and chondrocytes was also con-
firmed following the protocols of Dominici et al.28 (data 
not shown). The cells were screened for pathogens and 
contaminants (e.g., bacteria, fungi, virus, mycoplasma, and 
endotoxins), and no contamination was detected (data not 
shown). After characterization, cells were cryopreserved 

at 2 × 106 cells/ml in cryogenic medium [10% dimethyl 
sulfoxide (DMSO; Sigma-Aldrich, St. Louis, MO, USA), 
40% fetal bovine serum, and DMEM-H] and maintained 
in liquid nitrogen. Three batches of adipose canine MSCs 
were generated for clinical use, and no differences were 
detected among the three MSC lineages; thus the lineages 
were used interchangeably.

Allogeneic MSC Transplantation in Dogs With KCS

Prior to MSC transplantation, animals were anes-
thetized with propofol (6 mg/kg; Cristália, São Paulo, 
SP, Brazil), followed by topical eye anesthesia using 
proxymetacaine hydrochloride drops (0.5%; Anestalcon; 
Alcon, São Paulo, SP, Brazil), and then both eyes 
and the surrounding skin were aseptically prepared. 
Cryopreserved MSCs were rapidly thawed (<2 min) in 
a 37°C water bath and washed with 5 ml of basal culture 
medium followed by centrifugation at 300 × g for 5 min. 
Afterward, cells were washed twice with 4 ml of PBS. 
One million MSCs were resuspended in 0.5 ml of 0.9% 
NaCl (Eurofarma, São Paulo, SP, Brazil), and this sus-
pension was partially injected into the anatomic region 

Table 4. Scores of Short- and Long-Term Ocular Health: Corneal Opacity

Animal/Eye(s)
Corneal 

Opacity BL

Corneal Opacity 
28 Days AF MSC 
Transplantation

Corneal Opacity 
12 Months AF MSC 

Transplantation

1L + + +
2R* ++ + +
3R ++ + +
4R + + −
4L + − −
5R* + − −
5L* + − −
6R − − −
6L − − −
7R − − −
7L* ++ ++ −
8R +++ ++ ++
8L ++ ++ ++
9R − − N/A
10R* ++ + N/A
11R +++ ++ N/A
12R* ++ ++ N/A
12L − − N/A
13R* ++ ++ N/A
13L − − N/A
14R* ++ ++ N/A
14L* ++ + N/A
15R ++ ++ N/A
15L ++ + N/A

Corneal opacity was graded as absent (−), mild (+), moderate (++), or severe (+++).  
The eye data were collected at BL and 28 days and 12 months AF MSC transplantation. 
BL, baseline; AF, after; N/A, not evaluated.
*Eyes with severe KCS.
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of the dorsal LG (0.3 ml) using a 1-ml syringe with a 
25-mm × 7-mm-gauge needle (Becton Dickinson, São 
Paulo, SP, Brazil). To access the dorsal LGs, the syringe 
was inserted through the conjunctival fornix of the supe-
rior eyelid, into the dorsolateral region of the ocular bulb, 
below the orbital ligament. The remaining 0.2 ml of cell 
suspension was injected into the third eyelid LG, which 
was accessed through the bulbar face of the third eye-
lid. LG inoculations followed procedures as described in 
Cabral et al.29 and Zwingenberger et al.30.

The only treatment allowed for animals in this study, 
besides the MSC transplantation itself, was the use of 
artificial tears (sodium hyaluronate 0.2%) in the cases of 
severe KCS, which is used in order to maintain animal 
comfort. This type of lubricant has topical and immediate 
action and does not interfere with tear production. The 
administration of the artificial tear occurred three times 
per day over the first 30 days after MSC transplantation.

Statistics

A total of 15 dogs and 24 eyes were used in this 
study. All dogs were evaluated up to 28 days (short-term 

evaluation), and a subset of 13 eyes (eight dogs) were 
evaluated at 6 and 12 months (long-term evaluation). 
Each eye was considered as an independent sample. No 
separate control group was used in this study. We used the 
initial [baseline (BL)] diseased parameter (clinical signs 
and STT values) of each eye as a matched control.

Statistical analyses regarding STT data included 
repeated-measures analysis of variance (ANOVA) (p <  
0.05) test followed by comparisons with control (BL) 
using the Dunnett’s multiple comparison test (p < 0.05). 
All ana lyses were carried out using the Prism 7.0 soft-
ware (GraphPad, San Diego, CA, USA).

Clinical data classified in ranks were analyzed by the 
nonparametric paired-group Wilcoxon signed-rank test 
using the “Social Science Statistics” calculator (http://
www.socscistatistics.com/tests/signedranks/Default2.
aspx, accessed on July 27 2016). Tests applied Z val-
ues when the result of the number of samples minus the 
number of ties was greater than 10; below this number 
of samples (as with corneal opacity), the W value was 
considered. Tests were performed for p < 0.01 (two tailed) 
for ocular discharge, hyperemia, and corneal opacity, and 

Table 5. Scores of Short- and Long-Term Ocular Health: Vascularization

Animal/Eye(s)
Vascularization 

BL

Vascularization 
28 Days AF MSC 
Transplantation

Vascularization12 
Months AF MSC 
Transplantation

1L − − −
2R* ++ + −
3R ++ ++ −
4R + + −
4L − − −
5R* − − −
5L* − − −
6R − − −
6L − − −
7R − − −
7L* + + −
8R ++ ++ ++
8L ++ ++ +
9R − − N/A
10R* ++ + N/A
11R ++ ++ N/A
12R* + + N/A
12L − − N/A
13R* + − N/A
13L + − N/A
14R* − − N/A
14L* + + N/A
15R + + N/A
15L + + N/A

Vascularization was graded as absent (−), mild (+), moderate (++), or severe (+++).  
The eye data were collected at BL and 28 days and 12 months AF MSC transplantation. 
BL, baseline; AF, after; N/A, not evaluated.
*Eyes with severe KCS.
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p < 0.05 (n = 6, this value is too low for calculations for 
p < 0.01) for vascularization.

RESULTS

Safety of Allogeneic MSC Transplantation

No side effects, such as ocular pain, inflammation, 
blepharospasm, photophobia, blinking, or epiphora, were 
observed with the eyes following MSC transplantation in 
the short term (7–28 days) or long term (6 and 12 months). 
No changes were detected with respect to appetite, fecal 
output, weight, or body temperature, and no allergic reac-
tion was noticed.

Ocular Surface Changes

Prior to MSC transplantation, dogs presented ocular 
discharge, hyperemia, corneal opacity, and vasculariza-
tion with varying scores (Figs. 1–3 and Tables 2–5). All 
eyes had some level of ocular discharge and hyperemia at 
BL, while some eyes presented vascularization (14 eyes) 
or corneal opacity (18 eyes).

After allogeneic MSC transplantation, improvements 
were observed by day 28, as shown by the reduction in 
ocular discharge for all treated animals, compared to 

controls, and for group 1 (no statistical difference for 
group 2) (Figs. 1A¢–D¢ and 2 and Table 2), hyperemia 
(statistically different for groups 1 and 2) (Figs. 1A¢, B¢, 
and D¢, and 2 and Table 3), and corneal opacity (statisti-
cally different when all treated animals were compared to 
controls) (Figs. 1A¢–C¢ and 2 and Table 4). There is not 
enough statistical power to determine the difference for 
groups 1 and 2 compared with controls. There were too 
many tied values to carry out a statistical test for corneal 
vascularization, but a trend toward improvement can be 
seen 28 days after transplantation (Figs. 1A¢ and D¢ and 2 
and Table 5). A follow-up was carried out with 13 animals 
after 12 months, when it was observed that improvement 
was maintained, being significantly different, compared 
with BL values, regarding ocular discharge (Figs. 1A²–C² 
and 3 and Table 2) and hyperemia (Figs. 1A²–C² and 
3 and Table 3). The statistical analysis was carried out 
with groups 1 and 2 combined. However, corneal opacity 
(Figs. 1A², B², and D² and 3 and Table  4) and vascular-
ization (Figs. 1A², C², and D² and 3 and Table 5) were 
still present in the majority of animals, and there was not 
enough statistical power to carry out a test. A trend for 
improvement, however, can be observed for these two 
clinical symptoms.

Table 6. Effect of MSC Transplantation on Short-Term Tear Production

Animal/Eye(s) BL
STT AF 

MSC7 Days
STT AF MSC 

14 Days
STT AF MSC 

21 Days
STT AF MSC 

28 Days

1L 6 13 14 18 23
2R* 2 7 10 12 16
3R 11 6 12 15 15
4R 7 20 25 25 27
4L 13 25 30 30 30
5R* 2 9 9 9 8
5L* 4 13 13 12 12
6R 8 22 22 22 24
6L 13 13 14 14 19
7R 14 25 25 25 27
7L* 3 8 8 10 8
8R 12 15 14 14 15
8L 9 14 12 13 15
9R 13 18 17 18 20
10R* 2 8 8 8 7
11R 12 14 15 18 18
12R* 0 0 2 0 0
12L 12 14 15 20 20
13R* 3 9 10 14 15
13L 5 8 10 18 18
14R* 3 3 14 12 4
14L* 3 3 7 7 3
15R 13 13 15 20 5
15L 7 7 10 19 5

Schirmer tear test (STT; mm/min) was determined at BL and 7, 14, 21, and 28 days AF MSC transplanta-
tion. BL, baseline; AF, after.
*Eyes with severe KCS; all other eyes had mild/moderate KCS.
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Figure 1. Evaluation of the clinical signs at different times: baseline (A–D), short term (A¢–D¢; 28 days), and long-term (A²–D²; 
12 months) after allogeneic mesenchymal stem cell (MSC) transplantation. Right eye dog number 2 (A, A²): clinical signs before 
MSC transplantation [baseline (BL)]: eye with severe keratoconjunctivitis sicca (KCS) and Schirmer tear tests (STTs) of 2 mm/min, 
severe ocular discharge (+++), hyperemia (+++), corneal opacity (++), and vascularization (++) (A). Twenty-eight days after MSC 
transplantation, an improvement was observed on ocular discharge (+), hyperemia (++), corneal opacity (+), and vascularization 
(+) (A¢). The improvement was maintained for up to 12 months, with absence of ocular discharge (−), hyperemia (−), and corneal 
vascularization (−), although central corneal opacity was still present (+) (A²). Left eye dog number 1 (B, B²): clinical signs before 
MSC transplantation (BL): mild–moderate KCS and STT of 6 mm/min, severe ocular discharge (+++), moderate hyperemia (++), mild 
corneal opacity (+) (B), and absence of corneal vascularization (−). Same animal 28 days after MSC transplantation presented mild 
ocular discharge (+) and absence of hyperemia, although corneal opacity was still present (+) (B¢). The improvement was maintained 
for up to 12 months after MSC transplantation, and absence of ocular discharge and hyperemia was reported, although corneal opac-
ity was still present (+) (B²). Right eye dog number 4 (C, C²): at BL, the eye presented mild–moderate KCS and STT of 7 mm/min, 
ocular discharge (+), hyperemia (+++), corneal opacity (+), and vascularization (+) (C). Twenty-eight days after MSC transplantation, 
the eye had no ocular discharge (−); however, the other signs are still present (C¢). A greater improvement was observed 12 months 
after MSC transplantation, when there was absence of all clinical signs (C²). Right eye dog number 8 (D, D²): clinical signs before 
MSC transplantation (BL): moderate KCS and STT of 12 mm/min, severe ocular discharge (+++), mild hyperemia (+), severe corneal 
opacity (+++), and moderate vascularization (++) (D). Twenty-eight days after MSC transplantation, there was an improvement in 
ocular discharge (+), hyperemia (−), and corneal opacity (++). However, vascularization did not improve (++) (D¢). At the 12-month 
follow-up, improvement was maintained, with the absence of hyperemia (−), but ocular discharge (+), corneal opacity (++), and  
vascularization (++) still being present (D¢).
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Figure 2. Frequency of ocular health scores—data at BL and a short time (28 days) post-MSC transplantation. Ocular discharge, 
hyperemia, corneal opacity, and vascularization were graded as absent (0), mild (1), moderate (2), or severe (3). Eyes were classified 
according to the severity of KCS at presentation into mild–moderate (A; n = 15, STT >4 mm/min) or severe (B; n = 9, STT £4 mm/min). 
The Wilcoxon matched pairs test was used to compare scores at BL and after treatment with MSCs; *p < 0.05 or **p < 0.01. Significant 
improvements were observed after MSC transplantation, especially regarding ocular discharge, hyperemia, and corneal opacity.  
@Insufficient data for statistical evaluation. BL, baseline; MSC, mesenchymal stem cell.

Figure 3. Frequency of ocular health scores—data at BL and 1 year post-MSC transplantation. Ocular discharge, hyperemia, corneal 
opacity, and vascularization were graded as absent (0), mild (1), moderate (2), or severe (3). The data presented correspond to 11 ani-
mals that at BL were classified with mild–moderate KCS and 1 animal with severe KCS. The Wilcoxon matched pairs test was used 
to compare scores at BL and after treatment with MSCs; **p < 0.01. Although lower grade frequency increased overall with treatment 
and there were no regression or worsening, statistically significant improvements were only observed regarding ocular discharge and 
hyperemia. There was not enough statistical power to test improvements in corneal opacity and vascularization, though results show a 
trend toward improvement. @Insufficient data for statistical evaluation. BL, baseline; MSC, mesenchymal stem cell.
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STT Values Before and After MSC Transplantation

All eyes used in this study before MSC transplantation 
presented STT values lower than 15 mm/min (individual 
details presented in Table 6). The eyes were divided into 
two groups according to BL STT: group 1, mildly to mod-
erately affected, and group 2, severely affected (Tables 6 
and 7). Statistically significant increases in STT values 
were observed in both groups after MSC transplanta-
tion at 28 days (Fig. 4 and Table 6) and 6 and 12 months 
(Fig. 5 and Table 7).

At BL, groups 1 and 2 presented STT values (mean ±  
standard error of the mean in mm/min) of 10.33 ± 0.78 and 
2.44 ± 0.38, respectively. One week after MSC transplan-
tation, a significant improvement in STT values, com-
pared to STT values before MSC transplantation, could be 
detected [group 1: 15.1 ± 1.5 (p < 0.01); group 2: 6.7 ± 1.3 
(p < 0.01)]. Fourteen days after MSC transplantation, tear 
production increased in both groups, compared with con-
trols [group 1: 16.67 ± 1.55 (p < 0.001); group 2: 9.00 ± 1.16 
(p < 0.001)]. The improvement in STT values persisted 
until day 21 [group 1: 19.27 ± 1.21 (p < 0.001); group 2: 
9.33 ± 1.38 (p < 0.001)]. After 28 days, a slight alteration 
in STT values was observed in both groups [group 1: 
18.73 ± 1.87 (p < 0.001); group 2: 8.11 ± 1.80 (p < 0.001)]. 
The STT values were maintained in evaluations carried 

out 6 and 12 months after MSC transplantation. Group 1 
STT levels at 6 months was 22.11 ± 1.58 mm/min and at 
12 months was 20.44 ± 1.58 mm/min (p < 0.001) (Table 7 
and Fig. 5)—both higher than 15 mm/min and therefore 
in the normal range. Regarding group 2, however, in spite 
of a significant improvement, the final STT values were 
still below 15 mm/min, reaching 11.00 ± 1.58 mm/min at 
6 months and 11.50 ± 1.55 mm/min at 12 months (p < 0.01 
for both) (Table 7 and Fig. 5).

DISCUSSION

This study was carried out in an effort to verify the 
short- and long-term clinical benefits of allogeneic MSC 
intralacrimal transplantation in dogs with unilateral or 
bilateral KCS, as well as to compare the outcome of 
transplantation on eyes with mild–moderate versus severe 
KCS, using a total of 24 eyes from 15 adult dogs. The 
study demonstrates that the allogeneic MSC transplanta-
tion procedure is well tolerated by dogs.

A 1-year follow-up did not reveal the occurrence of any 
type of pathology associated with abnormal tissue forma-
tion, as well as no tumor incidence or tissue rejection. 
Indeed, allogeneic MSC transplantation has been proven 
to be safe, regarding rejection, by many previous studies, 
not requiring the use of immunosuppressant drugs20,31–33. 

Figure 4. Short-term effect of MSC transplantation on tear production (STT; mean ± standard error of the mean). STT was measured 
at BL and at different time points after MSC administration to dogs with  mild–moderate KCS (group 1, n = 15) (A) and severe KCS 
(group 2, n = 9) (B). A marked increase in tear volume was observed after MSC administration in both groups. Asterisks indicate sta-
tistically significant (ANOVA) differences between BL (SST BF MSC) and post-MSC transplantation. **p < 0.01, ***p < 0.001. Both 
groups showed an improvement in tear production after MSC transplantation in all short-term follow-up evaluations. BL, baseline; 
MSC, mesenchymal stem cell; BF, before; AF, after.
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This is advantageous, since it is possible to produce large 
batches of standardized cells from animal donors, as 
described here, and transplant them into patients without 
having to check for compatibility. Thus, our data suggest 
that MSC treatment of KSC in dogs is a safe procedure 
and free of adverse effects.

A statistically significant increase in tear production, 
which reached normal STT values, was detected in the 
eyes of dogs with mild–moderate KCS after MSC trans-
plantation, during a short period (7 days) of follow-up. 
Such effect improved over time (14 to 28 days, 6 and 12 
months). In severely affected dogs, although STT val-
ues demonstrated increased tear production after MSC 
transplantation, on average, normal STT values were not 
achieved in either the short or long term. However, the 
majority of the eyes originally with severe KCS showed 
constant improvement even at long-term follow-ups, and 
in one case, the STT reached normal (>15 mm/min) lev-
els. In contrast, one severely affected eye did not respond 
to the single MSC transplantation, probably due to the 
fact that the LG could have been fibrotic at the time of 
transplantation and not have enough viable cells and tis-
sue for recovery.

Because of safety and financial implications, it is desir-
able that the minimal number of applications, as well as 
the lowest quantity of MSCs, be used for treatment. Some 
inconvenience may also occur, on the other hand, with 
the use of high doses of MSCs. Previously, it has been 

reported that a high dose of MSCs may be associated 
with cell clumping forming aggregates, especially when 
passed through a narrow needle, and these aggregates can 
cause pulmonary emboli or infarctions after the systemic 
application of MSCs34,35. Furthermore, it has been dem-
onstrated that multiple administrations of high doses of 
allogeneic MSCs affect alloreactive immune responses in 

Figure 5. Long-term effect of MSC transplantation on tear production (STT; mean ± standard error of the mean). STT was determined 
6 and 12 months after MSC administration to dogs with mild–moderate KCS (group 1, n = 9) (A) and severe KCS (group 2, n = 4) (B). 
A marked increase in tear volume was observed after MSC administration in both groups. Asterisks indicate statistically significant 
(ANOVA) differences between BL (SST BF MSC) and post-MSC transplantation. **p < 0.01, ***p < 0.001. Both groups showed 
an improvement in tear production 6 and 12 months after MSC transplantation, and in the case of group 1, normal STT levels were 
achieved with treatment. BL, baseline; MSC, mesenchymal stem cell; BF, before; AF, after.

Table 7. Effect of MSC Transplantation on Long-Term Tear 
Production

Animal/Eye(s) STT BL
STT 6 Months 

AF MSC
STT 12 Months 

AF MSC

1L 6 25 23
2R* 2 15 15
3R 11 15 17
4R 7 26 27
4L 13 27 25
5R* 2 9 10
5L* 4 12 13
6R 8 24 25
6L 13 25 14
7R 14 24 20
7L* 3 8 8
8R 12 15 15
8L 9 18 18

Schirmer tear test (STT; mm/min) was determined at BL and 6 and 12 
months AF MSC transplantation. BL, baseline; AF, after.
*Eyes with severe KCS; all other eyes had mild/moderate KCS.



74 BITTENCOURT ET AL.

recipient baboons36. For these reasons, we decided to use a 
low dose of MSCs (1 × 106). We showed that clinical ame-
lioration occurs after a single transplantation of low quan-
tities (1 × 106) of MSCs both in dogs with mild–moderate  
and severe KCS. In a previously published study, 12 dogs 
(24 eyes) were used, among which 10 eyes presented 
severe KCS. Notably, three eyes did not present a signifi-
cant increase in STT values even after transplantation of 
a high amount of allogeneic MSCs (1 × 108), which cor-
responds to two orders of magnitude higher than the dose 
we used in the present study20. Based on our results that 
showed an improvement, but not total reversal, of severe 
KCS upon a single-dose transplantation, we believe that 
the prescription of multiple doses of MSCs could help 
these animals even further. However, it must be pointed 
out that mild congestion may occur after multiple MSC 
intralacrimal injections, even at low cell doses (2 × 106) in 
normal dogs21.

KCS, especially severe, besides being associated with 
a decrease in STT values, also presents signs of keratitis 
(including infiltration of inflammatory cells, vasculariza-
tion, pigmentation, and corneal thickening) and intense 
mucoid to mucopurulent discharge2,37,38. Following allo-
geneic MSC transplantation, clinical improvements in 
conjunctivitis and ocular discharge were registered in the 
majority of eyes. However, the improvements related to 
corneal transparency and decreased corneal vasculariza-
tion were less evident. Such symptoms are related with 
disease severity, and their improvement is expected to 
require more time10,39. There is evidence, however, that 
reversal of corneal transparency is possible upon stem cell 
transplantation. For instance, in contrast, human imma-
ture dental pulp stem cell transplantation was capable of 
restoring corneal transparency in a rabbit model of total 
limbal stem cell deficiency40.

One of the major issues in MSC therapy is the choice 
of the administration route41. Previously, MSCs were 
transplanted using periocular or subconjunctival routes 
in dogs and mice with KCS20–22,42,43. The periocular route 
is associated with low numbers or an absence of MSCs 
engrafted into LGs22,42,43, as well as mild transient conjunc-
tival congestion after MSC transplantation21. In our study, 
we performed direct transplantation of MSCs into LGs of 
dogs with KCS, a procedure that was shown to be safe and 
effective, despite its apparently more invasive character.

The exact etiology of KCS is unknown, but it is 
believed to be multifactorial44. KCS is usually treated 
with immunosuppressive drugs, such as cyclosporine or 
tacrolimus10,45,46. Satisfactory results after topical applica-
tion of these drugs have been found, especially for severe 
KCS. However, normal amounts of tear production were 
not achieved in these studies, and such posttreatment tear 
levels were inferior to those observed after MSC trans-
plantation, as previously reported20 and as reported in the 

present work. Immunosuppressive medication must be 
administered two to four times per day in the long term, 
while MSCs present superior effects after a unique trans-
plantation, for long periods, as shown by their effect at 
the 1-year follow-up47,48. It is noteworthy that the clini-
cal improvements observed in the present study can be 
attributed to the MSC transplantation alone, given that 
the administration of immunosuppressive drugs was sus-
pended in all dogs 1 month before transplantation. Similar 
to immunosuppressive drugs, MSCs act on inflammation 
and on immune-mediated local responses. MSCs are also 
used in human clinical trials for the treatment of inflam-
matory conditions49. These cells modulate inflammation 
by decreasing immune cell number and products of the 
inflammatory response16,50–53. Additionally, they are able 
to remodel tissue damage induced by excessive inflamma-
tion, acting through multiple trophic mechanisms12,41,42,54,55. 
The dry eye syndrome model has a similar disease mani-
festation as KCS. In this disease, which has a pathogen-
esis associated with the presence of T cells (CD4+)1,12, it 
has been shown that MSC transplantation decreases the 
number of interferon-g (IFN-g)-secreting CD4+ cells in 
vivo and suppresses CD4+ cell proliferation and IFN-
g+CD4+ cell differentiation in vitro56. The mechanism by 
way of which MSCs inhibit T cells is uncertain, but there 
are data that show that MSCs inhibit T cells by inducing 
regulatory T cells or by inhibiting tryptophan metabolism 
via indoleamine 2,3-dioxygenase57,58. We believe that 
the same immunomodulatory and immunosuppressive 
mechanism observed in the dry eye syndrome may explain 
how MSC transplantation improves KCS as found in 
our study.

The present study was carried out with dog patients 
taken for treatment to a standard ophthalmologic veteri-
nary clinic. This sampling method, in opposition to stud-
ies designed with animal facility-derived animals and 
standardized-induced diseases, includes the variability 
and heterogeneity of “real-world” dogs with KCS. The 
fact that we have found improvements upon treatment, 
in spite of the use of animals of different ages, genders, 
races, and disease etiologies, is a strong indication that 
the protocol will be successful in other settings. However, 
some limitations were found during the course of the 
study, such as the fact that owners may have submitted 
animals to medical treatment to reduce pain and suffer-
ing, and the difficulty following up all dogs over long 
periods (6–12 months), which depended on the owner’s 
cooperation. Moreover, this study did not include a group 
of nontreated or placebo-treated animals, as it was not 
considered an ethical procedure. However, inclusion cri-
teria encompassed the need for animals to have had KCS 
for at least 1 year, and statistics were done using the ini-
tial diseased eyes as a matched control. KCS is a chronic 
condition that rarely reverts spontaneously. Most studies 
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with dogs have no untreated control groups2,10,20,46,48,59 and 
mouse and rabbit models, which do include nontreated 
or vehicle-only treated controls, show that the condition 
does not resolve itself spontaneously either regarding 
STT or other clinical symptoms60–63.

Overall, our study shows that MSC transplantation 
is a safe and effective treatment, especially for mild–
moderate KCS in dogs, and does not require lifelong 
medical care or diligent attention and monitoring. We 
believe that the costs of this treatment will be lower for 
dog owners, compared to immunosuppressive treatment, 
since the MSC effect is maintained for at least 1 year. We 
show that MSC transplantation can also be used to treat 
dogs with mild and severe KCS, although the dogs with 
severe KCS had only partial improvement in STT levels. 
Further studies using serial MSC transplantations may 
prove to be more successful for the treatment of these 
severe cases of KCS. In addition, we believe that future 
studies should be evaluated over longer periods than the 
1 year described here, since even after receiving a single 
MSC administration, the beneficial effects on tear pro-
duction may take longer to be observed. We believe that 
although this study was carried out in dogs, it will prove 
to be useful in the development of treatments in human 
dry eye conditions, especially since the dogs studied 
came from a varied background, with KCS having devel-
oped spontaneously, representing real clinical conditions. 
Additionally, these results provide information that can 
be applied to human dry eye studies. Dry eye syndrome 
requires a multipronged approach including tear conser-
vation and tear replacement through methods such as the 
punctal plug procedure, use of anti-inflammatory drugs, 
and surgery. The advantage of the use of MSC transplan-
tation in KCS, as shown in this study, is the requirement 
of a single intervention with results lasting long periods 
(at least 1 year), which leads to a higher patient quality of 
life and also reduces treatment cost.
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