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Abstract

Background: Multipotent and immune privileged properties of mesenchymal stem cells (MSCs) were
investigated for the treatment of various clinical diseases. For the years, many researches into the animal
studies evaluated human stem cell therapeutic capacity related to the regenerative medicine. However,
there were limited reports on immune privileged properties of human MSCs in animal studies. The
present study investigated hematological and biochemical parameter and lymphocyte subset in mini-pigs
following human MSCs transplantation as a means of validation of reliability that influence the animal test
results.

Methods: The miniature pigs were transplanted with human MSCs seeded with scaffold. After
transplantation, all animals were evaluated by CBC, biochemistry and lymphocyte subset test. After 9
weeks, all pigs were sacrificed and organs were histologically analyzed.

Results: CBC test showed that levels of RBC were decreased and reticulocyte, WBC and neutrophil
were increased in transient state initially after transplantation, but returned to normal value. The
proportion of B lymphocyte and cytotoxic T cell were also initially enhanced within the normal range
temporarily. The female and male miniature pigs showed normal ranges for blood chemistry assessments.
During the 9 weeks post-operative period, the animals showed a continuous increase in body weight and
length. Furthermore, no abnormal findings were observed from the histological analysis of sacrificed pigs.

Conclusions: Overall, miniature pigs transplanted with human MSCs seeded with scaffold were found to
have physiologically similar results to normal animals. This result might be a reliable indicator of the
animal experiments using miniature pigs with human MSCs.
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Introduction

Mesenchymal stem cells (MSCs) had been
considered as prominent therapeutic agents in

reported for regeneration of various tissues [1, 7, 8, 9].
Additionally, = valuable  outputs  concerning

regenerative medicine. It was reported that MSCs had
been utilized in various studies due to their peculiar
qualities  including  self-renewability, = multi-
differentiation potential and immune-privileged [1,
2]. To date, various preclinical animal experiments
had been performed when inventing human stem cell
therapies [1, 3, 4, 5, 6]. And many results had been

application of cellular densities, induced biological
responses, adverse effects, sites and methods of cell
administration in clinical trials had been gained.
However, limited studies had been performed on
physiological and immunological status in animals.
Many animal studies had been executed before
use in clinical trials to confirm efficiency and safety on
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MSCs therapy. Various kinds of animals were used
for evaluating preclinical investigations, including
mouse, rat, rabbit, goat, dog and miniature pig [1, 3, 4,
5, 6]. And they reported that human MSCs could be
employed to regenerate various kinds of tissues such
as neuron, bone, teeth and cartilage. Furthermore,
along with the verification of reliability of these
results on animal studies, another crucial aspect was
the validation of physiological and immunological
responses by transplanted human MSCs. Several
studies had been reported to prove these aspects,
however most studies were performed on mice and
rats [10, 11].

Similarly, physiological and genetic
characteristics to human, animal studies in miniature
pig were significant value in preclinical studies [12,
13, 14]. Therefore, further progress demanded studies
on immunogenicity of transplanted cells into
miniature pigs to assess the stability and reliability of
these preclinical studies. Moreover, studies of
hematological and histological changes following
transplantation of human MSCs into miniature pigs
had not been reported. So, the evaluation of
physiological and immunological changes in vivo
study was essential.

Generally, the value of complete blood counts
and biochemistry were objective to evaluate
physiological states [15, 16]. We analyzed changes of
hematologic and biochemistry values. Specially, red
blood cell (RBC) and reticulocyte were changed by
bleeding by invasive surgery and then return to
normal status [17, 18]. In addition, white blood cells
(WBC) and neutrophil had been supposed markers
for early response of inflammation and bacterial
infection [19, 20]. Therefore, we dealt with a
comparison of changes in hematologic and
biochemical values in normal controls for 9 weeks pre
and post human MSCs transplantation. Interestingly,
the lymphocyte subset was an indicator for the
presence of leukocyte antigens [21, 22]. These antigens
were normally found on WBCs, either on the surface
of white blood cells or inside cells. Several researches
had been reported that antigens with abnormal
characteristics were present in abnormal immune
status [23, 24]. After that, we investigated
physiological and immunological status of those
transplanted human MSCs about body length and
weight in miniature pig and also confirmed
histological evaluation. The aim of this study was to
evaluate the hematological status, lymphocyte
subtype variation and histopathological analysis of
miniature pigs which were transplanted human
MSCs.

Materials and Methods

Animals (Miniature pig)

Female and male miniature pigs aged from 12 to
18 months and weighing approximately 25 kg were
used in this study. The miniature pigs were kept in
healthy condition, without any disease during the
experiments. All animal experiments were conducted
after getting approval from the Ethics Committee of
Gyeongsang National University (GNU-160913-
p0047). In this study, a total of 22 miniature pigs
(female: 15, male: 7) were used to perform CBC and
serum biochemistry analysis. To establish lymphocyte
subset, 17 miniature pigs (female: 10, male: 7) were
used. In addition, the six miniature pigs (female: 3,
male: 3) were used for the evaluation of human MSCs
transplantation. All animals were kept for at least 3
weeks before the experiment and were anesthetized
with zoletil 50 (Virbac, Carros, France, KR; 10 mg/kg)
and xylazine hydrochloride (Bayer Korea, Ansan, KR;
4 mg/kg). After anesthetizing, submandibular and
mandibular body was exposed by incision. Further, to
evaluate the in vivo efficacy of MSCs, a total of 1 x 107
human MSCs with scaffold were transplanted onto
the bone defects. The incision site was sutured with
two layers (Ethicon, Somerville, NJ, USA). After 9
weeks, animals were sacrificed and organs were
sampled for histological analysis.

Blood collection

Blood samples of miniature pig were collected
through internal jugular vein at 1 to 3 weeks intervals.
For preventing experimental effects of the animal’s
physiological changes, 25 ~ 40 ml blood sample was
collected based on the recommended one time
bleeding volume and recovery times [25]. For analysis
of complete blood counts (CBC), blood chemistry and
lymphocyte subset, samples were collected in the
EDTA-containing tubes and used for experiment
within 6 hours.

Hematological analysis

Analysis of CBC was performed for total 15
parameters using an Procyte DX hematology analyzer
(IDEXX, westbrook, ME, USA) : red blood cell,
hematocrit, hemoglobin, mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC),
reticulocyte, white blood cell, neutrophil, lymphocyte,
monocyte, eosinophil, basophil, platelet and platelet
distribution width (PDW).

Serum chemistry analyses were performed using
IDEXX Catalyst Dx (IDEXX, westbrook, ME, USA)
that included the examination of glucose, bun,
creatinine, phosphorus, calcium, NA* K* CI,
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osmolality, total protein, albumin, globulin, alanine
aminotransferase  (ALT), alkaline phosphatase
(ALKP), gamma(y)-glutamyl transferase (GGT), total
bilirubin and total cholesterol.

For lymphocyte subset, we isolated peripheral
blood mononuclear cells (PBMCs) through density
gradient centrifugation using Ficoll paque (Sigma, St.
Louis, MO, USA) [22, 24]. These assessments were
analyzed on a flow cytometry (BD FACSVerseTM, BD
biosciences, USA) following previously described
methods [22]. In brief, PBMCs were directly stained
with following multi-monoclonal antibodies anti CD3
PerCP-Cy™5.5, anti CD4 Alexa Flour 647 and anti
CD8a FITC. CD3+CD4- NK cells, CD3+CD4+ helper T
cells, CD4-CD8a+ cytotoxic T cells and CD3-CD4- B
cells were identified according previous reports.

Measurement of body length and weight

The recording of body length and weight was
performed on miniature pigs from pre- to post-
human MSCs transplantation. Briefly, miniature pigs
were anesthetized and body weight and length from
scapula to rump were measured at the following
times: pre-transplantation (1 week, 2 weeks and 3
weeks) and post-transplantation (1 day, 1 week, 2
weeks, 3 weeks, 4 weeks, 6 weeks and 9 weeks).

Histopathologic assessment

Both female and male miniature pigs were
sacrificed at 9 weeks after transplantation. For
histopathologic assessment, 6 kinds of organ tissues
(liver, spleen, thymus, lymph node, left and right
kidney cortex with medulla and lung) were fixed with
10% formalin and embedded in paraffin. After that,
H&E staining was performed. All tissue sections were
observed under a light microscope.

Statistical analysis

All data were analyzed by One-way analysis of
variance (ANOVA) using SPSS 23 (IBM), and Tukey’s
post hoc test was performed for multiple
comparisons. The data were represented as means +
standard error (SE). The differences were considered
significant when p < 0.05.

Results

Complete blood counts and biochemistry
analysis

To investigate the changes in the physiological
and immunological status of miniature pigs following
human MSCs transplantation, we performed CBC test
of normal control and experimental groups. In this
study, we used 12 to 18 months old miniature pigs. A
total of 22 miniature pigs (female: 15, male: 7) were
used to determine CBC data and serum chemistry test

for constructing control group data (Table S1, S2).
Most of CBC results were similar to control pigs in
MSCs transplanted group except for a few values
(Table 1, 2). The concentration of RBC was temporally
decreased  post-transplantation  but  gradually
increased, and reticulocyte concentration was
increased on day 1 post-transplantation, however
showed a similar pattern from the 1 week
post-transplantation (Figure 1). These changes were
observed within normal range. In addition,
concentration of WBC was increased for 2 weeks
post-transplantation, and neutrophil was increased 1
day post-transplantation, but then returned to normal
range in female pigs (Figure 2). The values of blood
chemistry were estimated, and all the results were
within control group range in MSCs transplanted
group (Table 3, 4).

Lymphocyte subset

A total of 17 miniature pigs (female: 10, male: 7)
were used to establish mean values of lymphocyte
subset for establishing control group data (Table S3).
The results of helper T lymphocyte, NK cell, B
lymphocyte and cytotoxic T cell were within normal
limits in MSCs transplanted group (Table 5).
Interestingly, the ratio of B lymphocyte and cytotoxic
T cell were increased on day 1 post-transplantation,
and then decreased in both pigs (Figure 3). The
frequency of B lymphocyte and cytotoxic T cell were
within normal ranges.

Values of body weight and length

We measured the mean body weight and length
in MSCs transplanted miniature pigs. The mean body
weight and length gradually increased during the 3
weeks MSCs pre-transplantation, and also increased
over the 9 weeks post-transplantation (Table 6).

Histopathology examination

After 9 weeks from human MSCs
transplantation, miniature pigs were sacrificed and
evaluated for histological analysis. According to the
results of previous hematological patterns and values
of body weight & length, normal physiological and
immune status was observed in miniature pigs.
Histopathologic =~ examination = provided  the
background for these results. For evaluating immune
response in pig, the organs (spleen, thymus and
lymph node) were stained with H&E and the
structure of organs was identified as normal state
(Figure 4). Furthermore, when the human stem cell
with scaffold were moved in vivo, the organs (Left
kidney cortex, right kidney cortex, right kidney
cortex, right kidney medulla, lung and liver) were
evaluated to confirm histopathological assessments
and showed normal state (Figure 4).
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Discussion

Many animal experiments had been carried out
to investigate human MSCs based therapy [1, 3, 4, 5,
6]. In wvivo models and studies of preclinical
investigation provided strategies for regenerative
medicine. However, most studies regarding
physiological and immunological status changes
caused by human stem cell transplantation were
limited to mice. Miniature pigs were suitable animal

species because of their similar characteristics to
human and therefore several studies had also been
reported in this regard [26, 27]. But, the matter of fact
is that that it could be much appropriate to check the
reliability of such results using miniature pigs, which
is still lacking. The purpose of this study was to
confirm the reliability of the results of animal
experiments by hematologic and histological analysis
of miniature pig following human MSCs
transplantation.

Table 1. Mean values of complete blood counts in miniature pigs depending on MSCs transplantation.

Time Sex RBC (105/ul) Hematocrit (%) Hemoglobin (g/dl) MCV (fl) MCH (pg) MCHC (g/dl)  Reticulocyte (103/ul)
1 week Female 6.12+0.13 30.70 £1.51 9.50 +0.35 60.00 £1.20 18.60 £ 0.26 30.90 £0.15 38.30 £1.11
Male 6.40+0.21 3240+1.17 10.00 £ 0.41 60.00 £1.17 18.50 £0.21 30.90£0.13 44.80 +1.37
2 weeks Female 7.58+0.11 45.00+1.28 13.90 £0.38 59.40 +1.05 18.30 £0.13 30.90 £0.21 4310+1.21
Male 6.96 £0.17 41.30+1.63 12.80 +£0.37 59.30 + 0.89 18.40 £0.21 31.00 £ 0.17 42.70 +1.03
3 weeks Female 5.87+0.15 36.40 £1.96 11.60 £ 0.32 62.00 £1.06 19.80+£0.27  31.90+0.13 38.80+0.75
Male 521+0.11 30.70 £1.82 9.80 +0.28 60.50 +£1.14 18.40£0.18 31.40+0.28 41.70 +1.26
1 day (Tr") Female 4.92+0.21 30.10 £ 2.02 9.50 +0.29 56.60 = 0.79 18.60 £ 0.26 31.60 £ 0.32 49.00 +0.48
Male 499£0.17 29.70 £1.63 9.70+£0.23 59.50 +0.83 18.40 £0.25 31.00 £0.37 50.60 +1.06
1 week (Tr") Female 5.59 +0.15 32.50 +1.54 10.20 £0.17 58.80 +0.74 18.30 £0.21 3240 +0.26 4140+1.13
Male 546 +0.32 32.60 +£1.53 12.20 £ 0.09 57.70+1.16 18.40 £0.16 31.90 £ 0.17 41.90+1.27
2 weeks (Tr") Female 6.54+0.16 36.50 +1.47 12.00 £0.29 58.10+1.26 1820+£0.17  31.40+0.34 40.20 +0.76
Male 6.62+0.31 38.20 +£1.06 12.30 £0.33 59.70 +1.23 18.90 £0.13 31.60 +0.12 37.80+0.43
3 weeks (Tr") Female 6.26+0.27 35.60 +1.52 11.30 £0.31 56.90 £ 0.91 18.10£0.21 31.70+0.18 38.80 £0.21
Male 6.34+£0.25 38.70 £1.39 11.90 £ 0.36 60.60 £1.03 18.40£0.18 31.40 £0.31 41.60 +0.18
4 weeks (Tr") Female 6.29+0.18 3570 +1.28 11.40+£0.28 56.80 +0.84 18.10+£0.13 31.90 £0.25 37.70+£0.15
Male 6.76 +£0.21 39.30+1.21 12.40 £0.25 58.10+0.73 18.30 £ 0.17 31.60 £ 0.11 41.90 +0.32
6 weeks (Tr") Female 6.61+0.23 36.30 +£2.08 11.80 £0.23 54.90 +0.76 1790+£0.12  32.50+0.27 37.50 +0.24
Male 6.80 £0.15 35.10 £2.16 11.00 £ 0.15 58.50 +0.71 18.50 £ 0.21 31.30+0.23 39.30 +0.39
9 weeks (Tr") Female 7.03+0.14 37.00 £1.37 11.90 £0.19 63.30 £1.03 17.70 £0.15 31.00 £0.19 39.30 £ 0.57
Male 6.90 £0.16 36.50 +£1.52 1210+0.24 57.90 + 0.68 18.40 £0.24 31.60 £ 0.24 41.90 +0.49
Control range ~ Female 4.37 ~8.58 25.20 ~ 58.80 8.30 ~18.10 56.60 ~68.50 18.40~2250 3040~3410  14.50 ~55.70
Male 4.96 ~ 7.58 30.70 ~ 45.00 9.50 ~ 13.90 57.70 ~66.50 18.30 ~22.00 30.90~33.00  6.00 ~53.10
Values are represented by the mean + SEM. Each group contains 3 miniature pigs (female: 3, male: 3). Tr*: After transplantation
Table 2. Mean values of complete blood counts in miniature pigs depending on MSCs transplantation.
Time Sex WBC Neutrophil  Lymphocyte (103%/ul) Monocyte (103/ul) Eosinophil Basophil Platelet PDW
(10%/ul) (10%/ul) (10%/ul) (10%/ul) (10%/ul) (%)
1 week Female 11.68+0.87 7.81+0.53 3.54+0.12 0.2+0.02 0.12+0.01 0.01+£0.01 305.00+10.12 18.90+0.26
Male 1152+0.75 7.53+049 343+0.11 0.43 +0.03 011+0.01 0.02+0.01 326.00+9.87 19.10+0.23
2 weeks Female 12.97+0.73  8.80+045 3.34+0.14 0.55+0.01 019+0.01 0.01£0.01 249.00+10.52 21.30+0.21
Male  10.66+0.68  6.94+0.52 2.81+0.08 0.56 +0.02 0.33+0.02 0.01+£0.01 214.00+1036 20.80+0.18
3 weeks Female 11.15+0.71 823051 242+0.09 047 +0.01 0.02+0.01 0.01£0.01 200.00+11.21  21.00+0.25
Male 1016059  7.05+043 2.69+0.11 0.40 +0.03 0.01+£0.01 0.01£0.01 198.00+1036 20.50+0.17
1 day (Tr") Female 15.52+0.62A 11.69+0.41A 3.23+0.10 0.44 +0.02 0.10+0.01 0.06+0.01 203.00+9.89 21.30+0.15
Male 1253+0.72 8.80+0.37 3.13+£0.07 0.40 +0.04 0.01+0.01 0.01£0.01 268.00+11.21 21.10+0.21
1 week (Tr") Female 14.08+0.72A 9.59+0.32 3.63 +0.05 0.48 +0.01 021+0.01 010£0.01 204.00+10.36 20.60+0.23
Male  1022+0.64 6.71+031 3.11+0.06 0.36 +0.01 0.02+0.01 0.02+0.01 206.00+10.25  20.80+0.12
2 weeks (Tr")  Female 13.88£0.63A 8.76 +0.56 436 £0.04 0.56 +0.04 016+0.02 0.02+0.01 272.00+9.84 20.20 £0.15
Male  9.26+0.57 6.11+0.49 2.74+0.12 0.40 +0.02 0.14+0.01 0.03+£0.01 198.00+9.56 21.00 £0.16
3 weeks (Tr")  Female 10.75+0.71  7.74+0.52 2.66 +0.06 0.29+0.01 0.03+0.01 0.03+0.01 278.00+9.42 21.20 £0.18
Male  9.17+0.64 6.05+0.37 2.41+0.05 0.17+0.01 0.27+0.02 0.03+0.01 206.00+1021  21.10+0.23
4 weeks (Tr")  Female 11.50+0.61  8.22+0.39 3.05+0.07 0.20 +0.01 0.02+0.01 0.01£0.01 306.00+9.81 20.50 +0.22
Male  9.70+0.59 6.58 +0.41 2.71£0.09 0.49 +0.03 019+0.02 0.03+0.01 234.00+10.26 20.70+0.13
6 weeks (Tr")  Female 9.86+0.73 7.15+0.36 243+0.10 0.18 £0.02 0.09+0.01 0.01£0.01 236.00+9.72 21.00+0.15
Male  9.28 £0.51 6.11+045 2.75+0.07 0.39+0.03 0.01+0.01 0.01+£0.01 186.00+9.62 21.00 +£0.21
9 weeks (Tr")  Female 10.14+048  6.79+0.32 2.98 +0.06 0.29 +0.02 0.07+0.01 0.01+£0.01 236.00+9.63 21.30+0.20
Male  10.13+0.62  6.83+0.37 2.75+0.04 0.53 +0.02 0.01+0.01 0.01£0.01 159.00+9.58 21.00 £0.14
Control range Female 6.92~1873 2.75~1098 2.24~4.68 0.17~0.78 0.01~0.36 0.01~0.03 120.00~327.00 17.40 ~22.40
Male 592~13.80 275~1098 1.76 ~3.49 0.07 ~ 0.56 0.01~0.33 0.01~0.10 198.00~326.00 17.40~21.30

Values are represented by the mean + SEM. Each group contains 3 miniature pigs (female: 3, male: 3). Tr*: After transplantation. A : Out of range data.

http://www.medsci.org



Int. J. Med. Sci. 2021, Vol. 18 1263

RBC
9 Tri
' -~ Female (nr: 4.37 ~ 8.58)
84 : = Male (nr: 4.96 ~ 7.58)
}
7
& |
™ g4 :
|
84 1
|
4 L] L] L - L L) L L) L) L] L)
FFFPIFPPFFF
F I F TS
Y e M B )
Reticulocyte
55+ Tr )
- Female (nr: 14.50 ~ 55.70)
1 -= Male (nr : 6.00 ~ 53.10)
504 1
1
-,
o
454
E .
I
G : Tr* : After transplantation
! nr : normal range
- - ~ A - - - - -
LFrFELFF TS

Figure 1. Mean values of RBC and reticulocytes were analyzed on MSCs transplanted miniature pigs. Values are represented by the mean * SEM of six pigs. RBC, red blood cells.
Tr*: After transplantation. nr: normal range.

WBC
20+ 1
Tri - Female (nr : 6.92 ~ 18.73)
- : -m- Male (nr : 5.92 ~ 13.80)
-}
%S 104
= :
I
5- ]
I
1
o L] v v L v L LJ L v Al L
P N D N N N N N
fff & .,s'ee &L & &
. -’ - 5 4’ -~
A 2 » '»"pe:,- b"’{ﬁe“yq
Neutrophil
15+ Tt
i -©- Female (nr : 2.75 ~ 10.98)
: -m— Male (rr : 2.75 ~ 10.98)
x 10
E :
54 I
I
I
ol . . : . . . Tr* : After transplantation
nr : normal range
“? “? “? "? “7 "? O : Out of ran, he data
\"& L €L =

Figure 2. Mean values of WBC and neutrophil were analyzed on MSCs transplanted miniature pigs. Values are represented by the mean + SEM of six pigs. WBC, white blood
cells. Tr: After transplantation. nr: normal range. O: Out of range data
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Table 3. Mean values of serum chemistry test in miniature pigs depending on MSCs transplantation.
Time Sex Glucose BUN Creatinine Phosphorus Calcium  Na+ K+ Cl- Osmorality
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)  (mmol/l) (mmol/l)  (mmol/l) (mOsmy/kg)
1 week Female 94.00 +3.78 23.00+1.01 097+0.01 6.20+0.05 9.50+0.05 138.00+0.75 350+£0.12 99.00 +0.41 277.00+1.21
Male  93.00 £3.21 23.00+0.97  0.98+0.03 6.20+0.03 9.60 £0.07 138.00 +0.73 3.50+0.25 99.00+0.37 277.00 +1.05
2 weeks Female 93.00 £2.79 21.00+£0.85 0.96+0.02 6.00+0.02 9.70+£0.03 145.00 £0.75 4.00+0.26 99.00+0.38 282.00+1.23
Male  87.00 £3.05 21.00+£1.13 0.98+0.03 5.90+0.04 9.30+£0.05 140.00 £ 0.62 4.60+0.13 96.00+0.27 282.00+1.15
3 weeks Female 74.00 £3.12 22.00+0.83  0.98+0.05 6.30+0.06 9.40+0.04 144.00+0.71 3.70+0.15 98.00+0.15 281.00+0.85
Male  66.00 £3.30 13.00+0.92  0.96+0.03 6.30 +0.05 9.10+£0.04 138.00+0.81 3.50+0.17 95.00 +0.38 278.00 +0.73
1 day (Tr*) Female 76.00 +2.86 22.00+1.05  0.94+0.07 6.10+0.04 9.30+0.03 145.00 +0.56 3.50+£0.09 98.00 +0.41 285.00 +0.72
Male  80.00 £2.57 20.00£0.76  0.96+£0.02 5.50+0.03 9.10+£0.06 139.00 +0.73 4.00+0.08 96.00+0.38 281.00 +1.02
1 week (Tr*) Female 97.00 £2.68 2200+0.84 0.95+0.03 6.20+0.05 9.00£0.05 138.00 £ 0.68 520+0.11 95.00+0.31 281.00 +0.89
Male  89.00 £2.76 18.00£1.03  0.97+£0.02 5.60+0.04 9.40+0.04 142.00 £0.53 3.60+0.15 96.00+0.36 282.00+0.93
2 weeks (Tr*)  Female 67.00 £3.01 2200+0.92  0.95+£0.03 6.10+0.02 9.10+£0.03 143.00 £ 0.46 4.80+0.16 99.00+0.35 286.00 + 0.86
Male  87.00 £3.13 20.00+0.68  0.98+0.05 6.30+0.02 9.20+£0.05 139.00 +0.68 510+0.07 96.00 +0.28 283.00 +0.72
3 weeks (Tr*)  Female 98.00 +2.74 20.00+0.75 0.95+0.03 5.80+0.03 9.00+£0.02 141.00+0.72 3.30+£0.08 97.00+0.27 280.00 + 0.68
Male  72.00 £2.76 1500+£1.01 0.98+0.05 5.40+0.04 8.40+0.02 143.00 +0.42 4.60+0.05 103.00+0.29  2823.00 +0.59
4 weeks (Tr*)  Female 88.00+2.59 21.00£091 0.96+0.02 5.20+0.04 9.40+0.03 145.00 £0.37 3.50+0.03 96.00+0.32 288.00 + 0.42
Male  76.00 £3.01 1200+£0.86 0.96+0.02 6.50+0.03 8.70+£0.03 140.00 £ 0.41 4.60+0.07 97.00+0.31 278.00 +0.57
6 weeks (Tr*)  Female 89.00 £3.12 19.00+£1.04 0.99+£0.02 5.70+0.02 8.60 £0.02 142.00 £ 0.52 420+0.11 97.00+0.18 281.00 + 0.46
Male  71.00 +2.86 15.00+091 0.97+0.02 5.40+0.01 9.10+£0.04 144.00 +0.63 350+£0.21 95.00+0.28 283.00 + 0.59
9 weeks (Tr*)  Female 84.00+3.16 21.00£095 0.98+0.03 6.10+0.02 9.30+£0.04 143.00 +£0.48 430+0.17 96.00 +0.24 280.00 + 0.42
Male  79.00 £2.72 17.00£0.83 0.96+0.01 5.60+0.01 9.00£0.03 144.00 +0.42 530+0.09 99.00+0.26 289.00 + 0.37
Control range Female 64.00 ~159.00 7.00~23.00 080~1.00 4.70~640 8.60~9.70 138.00~145.00 3.10~590 91.0~99.00 270.00 ~ 286.00
Male  71.00~94.00 12.00~28.00 090~1.00 520~730 850~9.70 138.00~146.00 3.30~540 95.00~103.00 277.00~293.00
Values are represented by the mean + SEM. Each group contains 3 miniature pigs (female: 3, male: 3). Tr*: After transplantation
Table 4. Mean values of serum chemistry test in miniature pigs depending on MSCs transplantation.
Time Sex Total Albumin Globulin ALT ALKP GGT Total Total
protein (g/dl) (g/dl1) (U/L) (U/L) (U/L) bilirubin cholesterol
(g/d) (mg/d))  (mg/d))
1 week Female 7.20+0.10 3.70 £0.04 3.50 +£0.03 68.00 £ 0.84 59.00 £1.36 37.00 £1.25 0.40 £0.01 31.00 £1.52
Male 7.20+£0.11 3.70 £ 0.03 3.50 £ 0.04 67.00 £1.26 95.00 £1.08 41.00 £1.13 0.40 £0.01 42.00 £1.05
2 weeks Female 7.70 0.15 3.80 £ 0.04 3.90 £ 0.06 64.00 £1.06 63.00£1.16 35.00 £1.06 0.10£0.01 44.00 £1.38
Male 6.70 +0.13 3.00+£0.07  3.70+0.04 89.00 + 0.92 93.00+1.12 38.00£1.39 0.20+£0.01 68.00 +1.47
3 weeks Female 7.90 +0.14 3.70+0.02  4.00+0.05 58.00 £ 0.79 61.00 +1.39 54.00 +0.62 0.20 +£0.01 35.00 £1.29
Male 7.20 £0.08 3.10 £ 0.05 410+0.05 84.00 +1.03 91.00 +1.82 38.00 £ 0.89 0.10£0.01 80.00 £1.37
1 day (Tr") Female 7.90£0.13 3.50 £ 0.03 410+ 0.06 66.00 £1.05 68.00 £1.91 39.00 £1.36 0.10£0.01 35.00 £1.33
Male 7.00 £0.14 3.00 £ 0.06 4.00+0.08 87.00 £ 0.46 95.00 £ 0.83 46.00 £1.05 0.10+£0.01 79.00 £1.25
1 week (Tr") Female  7.40 +0.07 340+0.07  4.00+0.04 69.00 £0.75 97.00 £1.49 58.00 £1.32 0.10£0.01 34.00 £1.16
Male 7.30 £0.09 3.20+£0.03 410+0.03 61.00 + 0.89 149.00 £2.13 68.00 + 0.89 0.10+0.01 57.00+1.34
2 weeks (Tr") Female 7.80+0.11 3.90 +£0.03 4.00 +£0.03 69.00 £1.27 94.00 +2.69 51.00 +£1.63 0.60+0.02  36.00+1.21
Male 7.70 £0.10 340+0.02  430+0.04 70.00 £1.31 148.00 +3.16 68.00 +1.08 0.10£0.01 62.00 +1.06
3 weeks (Tr") Female  6.80+0.13 3.30 £0.04 3.50 +£0.03 59.00 £1.29 93.00 £4.12 61.00 £1.37 0.10£0.01 32.00 £1.32
Male 7.90 £0.07 3.80 £ 0.03 410+0.07 75.00+1.28 129.00 + 2.46 57.00 £ 0.98 0.40 £0.02 64.00 £1.07
4 weeks (Tr") Female  7.00 +0.05 3.70 £ 0.03 3.30+0.05 56.00 £1.32 106.00 +3.14 56.00 +£1.34 0.10£0.01 52.00 £1.12
Male 7.20+0.11 3.50 £ 0.06 3.70+£0.07  79.00 +1.46 119.00 +3.59 49.00+£1.28 0.30 £ 0.01 91.00+1.10
6 weeks (Tr") Female 7.00 £0.05 3.60 £ 0.05 3.30 +0.06 69.00 £1.05 102.00 +4.26 43.00 £1.09 0.10£0.01 39.00 +£1.05
Male 7.00 £0.04 3.40 £ 0.05 3.60 +0.08 72.00 £1.62 149.00 +5.21 62.00 +1.67 0.10£0.01 58.00 +£1.08
9 weeks (Tr") Female  6.90 £0.07 3.30 £ 0.08 3.00+0.11 63.00 £1.52 119.00 +4.92 51.00 £1.68 0.10£0.01 36.00 £1.06
Male 7.20 £0.06 3.20 £ 0.06 4.00+0.10 81.00 £1.73 139.00 £5.11 48.00 £1.53 0.40 £0.02 98.00 £1.03
Control range Female 6.70~800 290~440 3.00~4.10  26.00~89.00 22.00 ~ 180.00 15.00 ~ 63.00 0.10~9.00  32.00 ~ 89.00
Male 6.40~790 3.00~390 3.00~450  54.00~89.00 39.00 ~ 153.00 35.00 ~ 75.00 010~040  35.00 ~105.00

Values are represented by the mean + SEM. Each group contains 3 miniature pigs (female: 3, male: 3). Tr*: After transplantation

In accordance with the CBC and serum
biochemistry results, changes were discovered in
some parameters in MSCs transplanted group and
control although most of values remained similar
compared to control. Bleeding from invasive surgery
for MSCs transplantation caused decreasing of the
RBC values and increasing of the reticulocyte
temporally within normal ranges [17, 18]. One of the
crucial factors in this study was the changing patterns
of the WBC and neutrophil values. Leukocytes are
essential part of the immune system and play

different roles depending on the type and WBC was
also clinically useful to determine indicators of
infection [19, 20, 23, 28]. Leukocytes could be divided
into neutrophil, lymphocyte, monocyte, eosinophil
and basophil according to differentiation process, size
and shape, especially, neutrophil number is increased
after infection or inflammatory reaction [19, 20]. As
shown in Table 2 and Figure 2, mean WBC and
neutrophil values was increased temporarily in
female miniature pigs after MSCs transplantation,
however the values were observed as normal over
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time compared to control group. These results could
be explained on the fact that despite the temporary
changes after procedure, the immunological changes
such as inflammation were not observed. Our studies
also indicated that the mean values of blood
chemistry parameter of MSCs transplanted group was
similar to control groups such as BUN, Creatinine and
Osmolality. The BUN and Creatinine were parameters
that reflect renal perfusion and kidney filtration [29,

30]. As shown in Table 4, mean values of BUN and
Creatinine showed similar pattern. These results
revealed that dehydration due to bleeding and stress
did not affect kidney function. Additionally, the
bleeding which was a decrease in isotonic fluid and
dehydration by stress did not affect the osmolality.
Overall, results demonstrated that these miniature
pigs might be physiologically normal.

Table 5. Mean values of lymphocyte subset in miniature pigs depending on MSCs transplantation.

Time Sex Helper T lymphocyte (%) NK cell (%) B lymphocyte (%) Cytotoxic T cell (%)
1 week Female 23.24+1.07 4.58 £0.24 30.37 +1.12 8.76 £0.52
Male 29.12+1.13 423+0.21 28.11+1.05 9.52+0.54
2 weeks Female 23.54+1.28 4.61+0.18 3142+1.17 8.55 +0.43
Male 29.06 + 0.82 4.06 £0.16 29.56 + 0.86 9.12+0.42
3 weeks Female 20.53 +0.76 5.79+0.15 2843 +0.73 8.46 £0.52
Male 23.20 +0.59 5.18 +0.05 28.23 +0.64 8.94 +048
1 day (Tr") Female 24.70 +1.02 3.59+0.13 3244 +0.72 11.31 £0.39
Male 31.10+1.01 4.01+£0.17 31.06 = 0.59 11.57 £0.51
1 week (Tr") Female 23.85+0.85 247+0.15 3221047 10.23 £0.57
Male 34.80 +1.01 4.08 £0.21 31.68 +0.83 10.24 £ 0.53
2 weeks (Tr") Female 30.08 +0.92 4.87£0.19 30.85 +0.92 9.12+0.39
Male 33.45+0.84 412+0.23 31.07 +1.11 9.72+042
3 weeks (Tr") Female 23.74+0.72 3.92+0.16 29.54 +1.26 8.90 £0.38
Male 38.72+1.06 2.72+0.14 29.72+1.28 8.90 £0.29
4 weeks (Tr") Female 25.16 = 0.62 2.38+0.25 29.20+1.31 9.02+043
Male 31.26 +0.39 3.09+0.18 29.22+0.95 9.12+0.28
6 weeks (Tr") Female 28.93 +1.05 2.31+0.11 29.54 +1.08 8.74+0.27
Male 3143 +0.75 3.35+0.16 29.46 +1.06 8.82+£0.27
9 weeks (Tr") Female 2444 +0.74 3.09+0.09 29.22+1.25 8.81+£0.24
Male 30.26 £0.73 3.23+0.15 29.34+1.46 8.89+£0.21
Control range Female 20.53 ~ 38.82 2.23 ~6.62 20.35 ~ 34.72 5.03 ~13.12
Male 23.12 ~44.12 2.69 ~ 5.63 25.63 ~ 37.97 7.93 ~13.21

Values are represented by the mean + SEM. Each group contains 3 miniature pigs (female: 3, male: 3). Tr*: After transplantation
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Figure 3. Mean values of B lymphocyte and cytotoxic T cell were analyzed on MSCs transplanted miniature pigs. Values are represented by the mean + SEM of six pigs. Tr: After

transplantation. nr: normal range.
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Figure 4. Histopathological assessment of MSCs transplanted miniature pig organs. H&E staining was performed in miniature pigs. All organs revealed normal state. (A: spleen,
B: thymus, C: lymph node, D: left kidney cortex, E: right kidney cortex, F: left kidney medulla, G: right kidney medulla, H: lung, I: liver). H&E staining, Haematoxylin and Eosin

staining. Scale bar = 250 pym.

Table 6. Mean values of body weight and length in miniature pigs
depending on MSCs transplantation.

Time Sex Body weight Body length
(kg) (cm)
1 week Female 23.23 +1.07 82.83 +0.31
Male 21.17 +0.61 78.80 +0.30
2 weeks Female 23.50+1.15 83.07 £ 0.45
Male 21.53+1.15 79.03 +0.35
3 weeks Female 23.87 +1.43 84.30 +0.26
Male 21.97 +0.71 79.43 £0.25
1 day (Tr") Female 24.30 +1.51 85.83 +0.32
Male 2247 +0.65 81.47+0.15
1 week (Tr") Female 25.03 +1.81 87.00 £ 0.30
Male 2293 +0.55 8210+ 0.30
2 weeks (Tr") Female 2540 +1.87 87.57 £0.55
Male 23.57 +0.59 82.37 +0.31
3 weeks (Tr") Female 26.07 £1.96 88.00 £ 0.46
Male 24.03+0.72 82.90 +0.40
4 weeks (Tr") Female 26.50 +1.93 88.30 +0.50
Male 24.50 +0.95 83.10 + 0.50
6 weeks (Tr") Female 27.67 £1.47 89.03 +£0.40
Male 2537 +1.29 83.37 £0.45
9 weeks (Tr") Female 28.67 +0.60 89.70 £0.10
Male 26.13 +1.80 83.60 + 0.50

Values are represented by the mean + SEM. Each group contains 3 miniature pigs
(female: 3, male: 3). Tr*: After transplantation

The adaptive immune system is regulated by
lymphocytes, especially T and B lymphocytes [31].
These cells are stimulated by dendritic cells and
monocytes [21]. B lymphocytes recognizes specific

antigens and releases antibodies into the fluids [32]. In
addition, T lymphocytes are differentiated into
several types. Cytotoxic T lymphocytes cause removal
of damaged cells and Helper T lymphocytes supports
immune response against specific antigens [33, 34, 35].
We evaluated the frequency of cytotoxic and helper T
cell and B lymphocyte in MSCs transplanted group.
According to our study, these results were similar to
control and changed within normal range and further
stated the normal immune status of the pigs.

In the previous studies, human MSCs did not
cause an immune response even after transplantation
into mini pigs [36, 37]. However, compared to
hematological and in vitro assessment demonstrating
the immunogenicity of MSCs, studies on
histopathological analysis after MSCs transplantation
are limited. [38, 39]. Therefore, we evaluated
lymphoid organs which regulates the immune
systems and kidney and lung which is filter organs of
transplanted stem cells. The lymphoid organs are
divided into primary lymphoid organs and secondary
lymphoid organs. The thymus where T cell
maturation occurs in primary lymphoid organ and
lymph node which have nodules and possess immune
response to antigens and spleen that maintains the
immune system by generating lymphocytes are
secondary lymphoid organs.
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The histopathological analysis of these three
kinds of organs evaluated normally, so we
determined that the mini pigs were in a normal
immune condition. These results indicated that there
were no immune rejection reactions by the lymphoid
organs when human MSCs were. It had been reported
that after transplantation, most MSCs are filtered by
liver, kidney and lung [40]. Keeping these things in
mind, in the present study, we performed H&E
staining of these organs and they did not show any
abnormal findings. Therefore, we determined that
transplanted MSCs were safely homed to the
mandibular bone defect.

In conclusion, we demonstrated that the mean
values of WBC, neutrophil and reticulocytes were
increased and RBC were decreased after human MSCs
transplantation. However, these changes appeared
temporarily and were mainly observed within normal
ranges, suggesting that it was due to the non-specific
reaction of external stress occurred because of the
experimental procedures. Furthermore, hematological
patterns and histopathological assessment were
normal in human MSCs transplanted group
compared to control. Taken together, the human
MSCs transplanted into miniature pigs did not cause
an immunological rejection and normal physiological
conditions were observed. These results supported
the stability and reliability of pre-clinical studies in
mini pigs using human MSCs.

Abbreviations

MSC : Mesenchymal stem cell; CBC : Complete
blood count; RBC : Red blood cell count; WBC : White
blood cell count; EDTA : Ethylenediaminetetraacetic
acid; MCV : Mean corpuscular volume; MCH : Mean
corpuscular hemoglobin; MCHC : mean corpuscular
hemoglobin concentration; PDW : Platelet distribution
width; ALT Alanine aminotransferase; ALKP
alkaline phosphatase; GGT : Gamma(y)-glutamyl
transferase; PBMC : peripheral blood mononuclear
cell; CD : Cluster of differentiation; NK cell : Natural
killer cell; H&E staining : Haemotoxylin and Eosin
staining; BUN : Blood urea nitrogen.

Supplementary Material

Supplementary tables.
http:/ /www.medsci.org/v18p1259s1.pdf

Acknowledgements

This work was supported by a grant from the
National Research Foundation (NRF-2019R1I11A3
A01060073) and from Stem Centric Co. Ltd. in the
Republic of Korea.

Ethics Committee Approval

The animal experiments were conducted after
getting approval from the Ethics Committee of
Gyeongsang National University (GNU-160913-
p0047).

Author Contributions

Conceptualization: Son Young-Bum, Bharti
Dinesh, Rho Gyu-Jin; Data curation: Son Young-Bum,
Lee Sang-Yeob; Formal analysis: Rho Gyu-Jin, Lee
Sung-Lim; Funding acquisition: Rho Gyu-Jin;
Investigation: Kim Saet-Byul, Bok Eun-Yeong, Bharti
Dinesh; Methodology: Han Jang-Ho, Kim Saet-Byul,
Bok  Eun-Yeong, Lee  Sang-Yeob;  Project
administration: Rho Gyu-Jin; Supervision: Rho
Gyu-Jin, Lee Sung-Lim; Validation: Rho Gyu-Jin, Lee
Sung-Lim; Visualization: Kim Saet-Byul, Han Jang-Ho
Writing - original draft: Son Young-Bum, Bharti
Dinesh; Writing - review & editing: Rho Gyu-Jin.

Competing Interests

The authors have declared that no competing
interest exists.

References

1. Ullah I, Park JM, Kang YH, et al. Transplantation of Human Dental
Pulp-Derived Stem Cells or Differentiated Neuronal Cells from Human Dental
Pulp-Derived Stem Cells Identically Enhances Regeneration of the Injured
Peripheral Nerve. Stem Cells Dev. 2017; 26(17): 1247-1257.

2. AK. Berglund, LA Fortier, DF Antczak, et al. Inmunoprivileged no more:
measuring the immunogenicity of allogeneic adult mesenchymal stem cells.
Stem Cell Res Ther. 2017; 8(1): 288.

3. Martinez-Gonzalez I, Moreno R, Petriz ], et al. Engraftment potential of
adipose tissue-derived human mesenchymal stem cells after transplantation in
the fetal rabbit. Stem Cells Dev. 2012;21(18):3270-3277.

4. Fujiki Y, Fukawa K, Kameyama K, Kudo O, Onodera M, Nakamura Y et al.
Successful multilineage engraftment of human cord blood cells in pigs after in
utero transplantation. Transplantation. 2003; 75(7): 916-922.

5. Zanjani ED, Pallavicini MG, Ascensao JL, et al. Engraftment and longterm
expression of human fetal hemopoietic stem cells in sheep following
transplantation in utero. J Clin Invest. 1992; 89(4): 1178-1188.

6. Zeng F, Chen MJ, Huang WY, et al. In utero transplantation of human
hematopoetic stem cells into fetal goats under B-type ultrasonographic scan:
an experimental model for the study of potential prenatal therapy. Eur J
Obstet Gynecol Reprod Biol. 2005; 118(2): 170-173.

7. GZ Zhang, HC Sun, LB Zheng, et al. In vivo hepatic differentiation potential of
human umbilical cord-derived mesenchymal stem cells: Therapeutic effect on
liver fibrosis/cirrhosis. World J Gastroenterol. 2017; 23(46): 8152-8168.

8. Karaoz E, Okcu A, Unal ZS, et al. Adipose tissue-derived mesenchymal stem
cells efficiently differentiate into insulin-producing cells in pancreatic islet
microenvironment both in vitro and in vivo. Cytotherapy. 2013; 15(5): 557-570.

9. L Hu, C Yin, F Zhao, et al. Mesenchymal Stem Cells: Cell Fate Decision to
Osteoblast or Adipocyte and Application in Osteoporosis Treatment. Int ] Mol
Sci. 2018; 19(2): 360

10. L Li, H Hui, X Jia, et al. Infusion with Human Bone Marrow-derived
Mesenchymal Stem Cells Improves p-cell Function in Patients and Non-obese
Mice with Severe Diabetes. Sci Rep. 2016; 6: 37894

11. Grinnemo KH, Mansson A, Dellgren G, et al. Xenoreactivity and engraftment
of human mesenchymal stem cells transplanted into infarcted rat
myocardium. ] Thorac Cardiovas Surg. 2004; 127(5): 1293-1300

12. RingeJ, Kaps C, Schmitt B, et al. Porcine mesenchymal stem cells. Induction of
distinct mesenchymal cell lineages. Cell Tissue Res. 2002; 307(3): 321-327.

13. Kues WA, Niemann H. The contribution of farm animals to human health.
Trends Biotechnol. 2004; 22(6): 286-294.

14. Petersen B, Carnwath JW, Niemann H. The perspectives for porcine-to-human
xenografts. Comp Immunol Microbiol Infect Dis. 2009; 32(2): 91-105.

15. FL Metzger, AH Rebar. Clinical pathology interpretation in geriatric
veterinary patients. Vet Clin North Am Small Anim Pract. 2012; 42(4): 615-629.

16. Lee SH, Kim JW, Lee BC, et al. Age-specific variations in hematological and
biochemical parameters in middle- and large-sized of dogs. J Vet Sci. 2020;
21(1): 7.

http://www.medsci.org



Int. J. Med. Sci. 2021, Vol. 18 1268

17. Tefferi A. A Practical approach to the diagnosis of anemia. In : Tefferi A, ed.
Primary hematology, 1st ed. Berlin: springer science & business media; 2001;
p: 3-20.

18. PivaE, Brugnara C, Spolaore F, et al. Clinical utility of reticulocyte parameters.
Clin Lab Med. 2015; 35(1): 133-163.

19. MD Wirth, M Sevoyan, L Hofseth, et al. The Dietary Inflammatory Index is
Associated with Elevated White Blood Cell Counts in the National Health and
Nutrition Examination Survey. Brain Behav Immun. 2018; 69: 296-303.

20. Rosales C. Neutrophil: A Cell with Many Roles in Inflammation or Several
Cell Types? Front Physiol. 2018; 9: 113.

21. W Gerner, T Kaser, A Saalmuller. Porcine T lymphocytes and NK cells - An
update. Dev Comp Immunol. 2009; 33(3): 310-320.

22. SC Saunderson, AD McLellan. Role of Lymphocyte Subsets in the Immune
Response to Primary B Cell-Derived Exosomes. Journal Immunol. 2017;
199(7): 2225-2235.

23. Koyasu S, Moro K. Role of innate lymphocytes in infection and inflammation.
Front Immunol. 2012; 3: 101.

24. ] Lubbers, MH van Beers-Tas, S Vosslamber, et al. Changes in peripheral blood
lymphocyte subsets during arthritis development in arthralgia patients.
Arthritis Res Ther. 2016; 18(1): 205.

25. KH Diehl, R Hull, D Morton, et al. A Good Practice Guide to the
Administration of Substances and Removal of Blood, Including Routes and
Volumes. ] Appl Toxicol. 2001; 21(1): 15-23.

26. Polejaeva IA, Chen SH, Vaught TD, et al. Cloned pigs produced by nuclear
transfer from adult somatic cells. Nature. 2000; 407(6800): 86-90.

27. Larsen MO, Rolin B. Use of the Gottingen minipig as a model of diabetes, with
special focus on type 1 diabetes research. ILAR J. 2004;45(3):303-313.

28. Desai A, Grolleau-Julius A, Yung R. Leukocyte function in the aging immune
system. ] Leukoc Biol. 2010; 87(6): 1001-1009.

29. N Baum, CC Dichoso, CE Carlton. Blood urea nitrogen and serum creatinine:
Physiology and interpretations. Urology. 1975; 5(5): 583-8.

30. JH Salazar. Overview of Urea and Creatinine. Lab medicine. 2014; 45(1):
€19-20.

31. JR Dunkelberger, Song WC. Complement and its role in innate and adaptive
immune response. Cell Res. 2010; 20(1): 34-50.

32. TR Cupps, LC Edgar, AS Fauci. Suppression of human B lymphocyte function
by cyclophosphamide. ] Immunol. 1982; 128(6): 2453-2457.

33. JT Harty, AR Tvinnereim, DW White. CD8+ T cell effector mechanisms in
resistance to infection. Annu Rev Immunol. 2000; 18(1): 275-308.

34. Abbas AK, Murphy KM, Sher A. Functional diversity of helper T lymphocytes.
Nature. 1996; 383(6603): 787-793.

35. McHeyzer-Williams LJ, Malherbe LP, McHeyzer-Williams MG. Helper T
cell-regulated B cell immunity. Curr Top Microbiol Immunol. 2006; 311: 59-83.

36. Atoui R, Chiu RCJ. Concise review: immunomodulatory properties of
mesenchymal stem cells in cellular transplantation: update, controversies, and
unknowns. Stem Cells transl Med. 2012; 1(3): 200-205.

37. Lee SC, Sul HJ, Lee SM, et al. Effects of Human Adipose-Tissue Derived Stem
Cell Infusion on the Immunological Consequences in Skin Allograft Mice. |
Korean Soc Transplant. 2013; 27: 174-184.

38. Bartholomew A, Sturgeon C, Siatskas M, et al. Mesenchymal stem cells
suppress lymphocyte proliferation in vitro and prolong skin graft survival in
vivo. Exp Hematol. 2002; 30(1): 42-8.

39. AJ Nauta, AB Kruisselbrink, E Lurvink, et al. Mesenchymal stem cells inhibit
generation and function of both CD34+-derived and monocyte-derived
dendritic cells. ] Immunol. 2006; 177(4): 2080-2087.

40. Yang Y, Chen J, Shang X, et al. Visualizing the Fate of Intra-Articular Injected
Mesenchymal Stem Cells In Vivo in the Second Near-Infrared Window for the
Effective Treatment of Supraspinatus Tendon Tears. Adv Sci (Weinh). 2019;
6(19): 1901018.

http://www.medsci.org



