| Original Article |

http://dx.doi.org/10.3349/ym].2015.56.3.648
pISSN: 0513-5796, elSSN: 1976-2437

| Yonsei Med J 56(3):648-657, 2015

YM)

CrossMark
&click for updates

Pre-Clinical Efficacy and Safety Evaluation of Human Amniotic
Fluid-Dertved Stem Cell Injection in a Mouse Model

of Urinary Incontinence

Jae Young Choi,”™ So Young Chun,* Bum Soo Kim,' Hyun Tae Kim,' Eun Sang Yoo,'
Yun-Hee Shon,” Jeong Ok Lim,” Seok Joong Yun,® Phil Hyun Song,"*
Sung Kwang Chung,' James J Yoo,” and Tae Gyun Kwon'?
'Department of Urology, School of Medicine, Kyungpook National University, Daegu;
ZJoint Institute for Regenerative Medicine, Kyungpook National University Hospital, Daegu;
*Department of Urology, College of Medicine, Chungbuk National University, Cheongju;

“Department of Urology, College of Medicine, Yeungnam University, Daegu, Korea;
\Wake Forest Institute for Regenerative Medicine, Wake Forest University School of Medicine, Winston-Salem, NC, USA.

Received: March 31, 2014

Revised: August 10,2014

Accepted: August 13,2014

Corresponding author: Dr. Tae Gyun Kwon,
Department of Urology, School of Medicine,
Kyungpook National University,

130 Dongdeok-ro, Jung-gu,

Daegu 700-721, Korea.

Tel: 82-53-200-3012, Fax: 82-53-427-5447
E-mail: tgkwon@knu.ac.kr

*Jae Young Choi and So Young Chun
contributed equally to this work.

- The authors have no financial conflicts of
interest.

© Copyright:
Yonsei University College of Medicine 2015

This is an Open Access article distributed under the
terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

648

Purpose: Stem cell-based therapies represent new promises for the treatment of
urinary incontinence. This study was performed to assess optimized cell passage
number, cell dose, therapeutic efficacy, feasibility, toxicity, and cell trafficking for
the first step of the pre-clinical evaluation of human amniotic fluid stem cell (hAF-
SC) therapy in a urinary incontinence animal model. Materials and Methods:
The proper cell passage number was analyzed with hAFSCs at passages 4, 6, and
8 at week 2. The cell dose optimization included 1x10%, 1x10° and 1x10° cells at
week 2. The in vivo cell toxicity was performed with 0.25%106, 0.5%10°, and 1x10°
cells at weeks 2 and 4. Cell tracking was performed with 1x10° cells at weeks 2
and 4. Results: The selected optimal cell passage number was smaller than 6, and
the optimal cell dose was 1x10° for the mouse model. In our pre-clinical study,
hAFSC-injected animals showed normal values for several parameters. Moreover,
the injected cells were found to be non-toxic and non-tumorigenic. Furthermore,
the injected hAFSCs were rarely identified by in vivo cell trafficking in the target
organs at week 2. Conclusion: This study demonstrates for the first time the pre-
clinical efficacy and safety of hAFSC injection in the urinary incontinence animal
model and provides a basis for future clinical applications.

Key Words: Preclinical evaluation, amniotic fluid, stem cells, urinary inconti-
nence

INTRODUCTION

Treatment for stress urinary incontinence (SUT) has had limited success with fre-
quent adverse reactions.! Stem cell therapy has been proposed as an alternative to
overcome the limitations and side effects of existing therapeutic procedures.? Hu-
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man amniotic fluid stem cells (hAFSCs) have been reported
recently as a promising stem cell source.* For the develop-
ment of hAFSCs as a feasible cell-based medicinal product,
pre-clinical studies are mandatory. Major parameters for
pre-clinical studies are cell passage number and dose, effi-
cacy, toxicity and tumorigenicity, and cell trafficking in an
animal model.>® For example, the selection of optimized
passage number has been reported to be an important factor
since mesenchymal stem cell potency is inversely passage-
dependent.™ Cell dose is another critical factor,'* as high
doses of cells may cause toxicity or tumorigenicity, whereas
low doses result in insufficient therapeutic effect." There-
fore, the optimum dose range of transplanted hAFSCs for
SUI treatment needs to be identified.

The efficacy of hAFSC products should be evaluated for
their application as medicinal products. The design of an ef-
ficient assay should comprise both functional and marker-
based assays. Understanding the biological mechanism of
the therapeutic effect will provide a solid basis.'? Examples
of biological efficacy include evaluation of differentiation
into myogenic and neurogenic lineages as well as endothe-
lial genesis and immunogenicity.

Undifferentiated and proliferative stem cells have a poten-
tial risk of tumor formation, which may depend on the origin
of cells. hAFSCs are classified as mesenchymal stem cells,
but show pluripotent ability like embryonic stem cells'* and
give rise to safety concerns when they are implanted into a
target tissue. Therefore, tumorigenicity verification is re-
quired before the initial clinical application of hAFSCs.

In stem cell therapy, injected cell trafficking is important
because cell migration might yield unwanted results. The
fate of injected cells is dependent on the route of administra-
tion and the site of implantation. In this study, injected cells
were identified with target organs since the risk of ectopic
tissue formation is associated with stem cell distribution.

This study serves as an initial pre-clinical investigation
for the selection of optimized hAFSC passage number and
dose as well as an examination of hAFSC efficacy, toxicity,
tumorigenicity, and cell trafficking in an animal model. For
the selection of optimized cell passage number and dose,
urodynamic analysis was performed. With the optimized
cell passage number and dose, the therapeutic effect of
hAFSCs for the regeneration of the urethral sphincter was
then analyzed. Toxicity and tumorigenicity were evaluated
according to the standard parameters. For cell trafficking,
injected human cells were detected with human cell-specif-
ic antibodies at targeted organs.

MATERIALS AND METHODS

This study was completed in compliance with Good Labo-
ratory Practices (GLP) and followed the standards of toxici-
ty testing from the Korea Food & Drug Administration.
This study was approved by the Animal Ethics Committee
of Biotoxtec Inc. and the Ethics Committee of Kyungpook
National University School of Medicine.

hAFSC preparation

Amniotic fluids (10 mL) were obtained from four women
undergoing routine amniocentesis at a gestational age of 15
to 19 weeks at Kyungpook National University Hospital, and
sent to CORESTEM Inc. (Seoul, Korea) for cell preparation
in the Good Manufacturing Practices (GMP) facility. During
cell preparation, validation of the manufacturing process, in
vitro assessment of genotypic instability, tumorigenicity, and
phenotypic profile of the product were conducted. In case
#AFSC1301, a cell population with high expression of C-
KIT and SSEA4 (stem cell markers) as well as low expres-
sion of HLA-DR (immune tolerance marker) was selected
and used for this study.

Animal groupings, generation of SUI model, and cell
therapy

Five-week-old male and female ICR mice were purchased
from Orientbio Inc. (Seongnam, Korea). Animal groupings
were listed in Table 1. For these experiments, cells from pas-
sage 4 were used to ensure a sufficient cell number, and the
maximum cell number was 1x10° cells for injection in the
mouse urethral sphincter. In the toxicity analysis, animals of
both genders were used to eliminate gender differences. ICR
mice were prepared for aseptic surgery under general anes-
thesia with isoflurane. The SUI model was created using a
bilateral pudendal nerve transection technique. One week
after the incompetent urethral sphincter model was generat-
ed, hAFSCs were resuspended in saline (Choongwae Phar-
ma Corp., Seoul, Korea) under aseptic conditions to a final
volume of 5 pL and injected at the external sphincter.

Urodynamic, histological, immunohistochemical (IHC),
and real-time PCR analysis

Leak point pressure (LPP) and closing pressure (CP) were
measured two weeks after cell injection as previously de-
scribed.” The intravesical pressure was increased from 0 cm
H20 upward in steps of 1- to 3-cm H2O until visual identifi-
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Table 1. Animal Grouping of Various Conditions for Cell Passage Number, Dose, Toxicity, and Trafficking Analysis

Group Dos{g Inj ect.ion Number of animals
(cells/animal) (uL/animal) Male Female
Cell passage number
Ctrl(+) 0 6 0 5
P4 1x10° 6 0 5
P6 1x10° 6 0 5
P8 1x10° 6 0 5
Ctrl(-) 0 6 0 5
Cell dose
Ctrl(+) 0 6 0 5
10° 1x10° 6 0 5
10° 1x10° 6 0 5
10* 110 6 0 5
Ctrl(-) 0 6 0 5
Toxicity
Gl [Ctr ()] 0 6 12 12
G2 (low dose) 0.25%x10° 6 12 12
G3 (moderate dose) 0.5%10° 6 12 12
G4 (high dose) 1x10° 6 12 12

Ctrl(+): sham operated normal control group, Ctrl(-): PBS-injected (without cell) negative control group after bilateral pudendal nerve transaction.

Table 2. Antibody Information for Immunohistochemical Analysis

Antibody Company Dilution
MYOD Myogenic determination (5.8A) Santa Cruz 1:200
o-SM ACTIN Alpha smooth muscle actin (0-SM1) Santa Cruz 1:200
NES Nestin (G-20) Santa Cruz 1:200
MAP2 Microtubule-associated protein 2 Abcam 1:200
B-TUBULIN IIT Tubulin, beta 3 class III Abcam 1:200
CD31 Cluster of differentiation 31 (PECAM-1) Millipore 1:200
CD8 Cluster of differentiation 8 BD 1:200
HuNu Human nuclear-specific Millipore 1:200

cation of the leak point height. The pressure at this leak
point was referred to as the LPP. The intravesical pressure
was then decreased downward in steps of 1- to 3-cm H-O
until the leak has ceased. The pressure at this leak cessation
point was taken as the CP.? Tissue specimens were prepared
for hematoxylin and eosin (H&E) staining and immunohis-
tochemical (IHC) staining. The possibility of host myogen-
ic, neurogenic, and endothelial genetic conversion induced
by the in vivo injection of hAFSCs was analyzed with THC
(antibody information, Table 2). The in vivo immunosup-
pression effect was examined one week after injection with
a cytotoxic T cell marker (CDS). For injected human cell
trafficking and analysis of migration to target organs, human
nuclear specific antibody (HuNu) was used. The IHC results
were confirmed with real-time PCR using human primers
and host responses were analyzed with mouse primers
(primer sequence information, Table 3). Total RNA was ex-
tracted with an RNeasy-kit (Qiagen, Hilden, Germany) ac-

cording to the manufacturer’s instructions. A total of 2 pg of
RNA was used for cDNA synthesis using cDNA reverse
transcription kits (Applied Biosystems, Warrington, UK).
The primers were designed with Primer Express Software
(Applied Biosystems). Assays were carried out using the ABI
Prism Sequence Detection System 7500 with SYBR Green
PCR Master Mix (Applied Biosystems). To analyze data, the
244 method of relative quantification was adapted to esti-
mate copy numbers.

Clinical signs and examinations

With optimized cell number and dose, pre-clinical aspects
were analyzed. On the day of dosing, general symptoms
were examined at each time point. The mortalities were mea-
sured and pathological examinations were carried out imme-
diately before treatment and every other week after treat-
ment for four weeks. After the termination of observations,
all animal organs and tissues were visually inspected and
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Table 3. Primer Sequences for Real-Time PCR

Sequences
Gene
For human For mouse
My 5’-GGTTGCCTCTCCAGGATCTG 5’-CTCTGAAGGATGGACATGACGG
: 5’-GAAGCCCCTGGAGTTGCA 5’-ACTGGTCCCCAAACTCATCCTC
Myogenin 5’-TGGCAGGAACAAGCCTTTTC 5’-TATCCGGTTCCAAAGCCTCTG
5’-ACAGGCAGGTAGTTTTCCCCA 5’-GCGGCAGCTTTACAAACAACA
Pax? 5’-GCAAATTGCTGTCCTGCTCA 5’-ACCAAGCTTTCAAGTCCGCA
5’-TGAAAACTGGTCACATCTGCCT 5’-GCCTTACATTCTGGAGGATGGA
MyoD 5’-ACAGCGCGGTTTTTTCCAC 5’-TTCCGGAGTGGCAGAAAGTTAA
5’-AACCTAGCCCCTCAAGGTTCAG 5’-TCAAGTCTATGTCCCGGAGTGG
Nestin 5’-GTTCCCTGCTGAGACCCTGG 5’-GGACCAGCACCTGGGATCT
5’-TAGAAGCCCAGGGGAGTGGA 5’-TCACAGGAGTCTCAAGGGTATTAGG
Map2 5’-GCTCCCGGAGAAGGATTCTG 5’-CCGACGAGCGGAAAGATG
5’-TCCTCGGTTAGAGACAACAAGCT 5’-TGTGCAGCTGCCTCTGTGA
Vimentin 5’-AGCCGAAAACACCCTGCAAT 5’-TCCAGATCGATGTGGACGTTT

5’-TTCCATTTCACGCATCTGGC

- Tubulin 11T 5’-CGAGGCCGAGAGCAACAT
-Tubulin

5’-CTCCTCGTCGTCTTCGTACATCT
5’-ACTGGCTATTTCCTGATGAATCG

5’-ATACTGCTGGCGCACATCAC
5’-TCACCACCTCCCTTCGATTC
5’-CACCATGTTCACAGCCAGCTT
5’-GCAGGAAAGTGGCATCTCTTG
5’-GGCCGGACATGAGCTGAA
5’-GTCGTCCATGTCCCGAGAA
5’-GCACAGGACTCTCGCAATCC
5’-GCTGTGCGGTGATTTTAACATC
5’-CCGTTTACACCGCTGTTCCT
5’-ACTGCAGTGATTGCCATGTTCT
5’-TCATTGGCCCGCTTAACG

5’>-TGTGTCCGTCGTGGATCTGA

casd 5’-GGTCTTCGCCCAGCCTTT

cdl 5’-GCAGTGCTTCGCGGATGT
5’-CGTCATCCTTATAGAACAGCATCTG

WF 5’-AGCCCCACCACTCTGTATGTG
5’-GTAGCCTGCTGCAGTAGAAATCG

Vegfi2 5’-CTGGTTTTAGAAGGTTGCGTGTT
5’-ACACGTAACGGTCTGGAAGGA

p-Actin 5’-ATCGTCCACCGCAAATGCT
5’-AAGCCATGCCAATCTCATCTTG

Gapdh -

5’-CCTGCTTCACCACCTTCTTGA

examined by microscopy for necropsy.

Statistical analysis

All values are presented as mean+=SD. Statistical analysis
was undertaken with Student’s t-test or one-way analysis of
variance (ANOVA) using the Statistical Package for the
Social Sciences v.19 (SPSS, IBM, Armonk, NY, USA). A
p-value of less than 0.05 was considered statistically signif-
icant. When the value was found to be significant after as-
sessment using the ANOVA statistical test, the Tukey’s
post-hoc comparison was used.

RESULTS

Selection of optimal cell passage number
LPP and CP were measured two weeks after injection of
hAFSC:s at different passages (Fig. 1A). The mean LPP val-
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ues for passages 4 and 6 were significantly higher than the
mean LPP of the Ctrl(+) group, and the mean LPP of pas-
sage 8 was similar to that of the Ctrl(+) group. The mean CP
values for passages 4 and 6 were similar to the mean CP
value of the Ctrl(+) group. At passage 8, the mean CP value
decreased significantly, even though the values were higher
than those of the Ctrl(-) group. Real-time PCR analysis for
myogenic, neurogenic, and endothelial lineage markers of
passage 4 showed significant gene expression, and the de-
gree of expression was inversely proportional to the num-
ber of passages (Fig. 1B). With this result, the optimized
passage number was selected to be smaller than 6. When
using cells prior to passage 4, cell number was limited for
several experiments.

Selection of optimal cell dose

LPP and CP were measured two weeks after injection of
hAFSCs (Fig. 1C). The mean LPP for the group injected
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Optimization of cell passage number
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Fig. 1. Effect of hAFSC passage numbers and doses for urodynamics. (A) The mean leak point pressures (LPPs) for the groups of passages 4, 6, and 8 were
similar to those of the Ctrl(+) group, while the closing pressure (CP) was significantly lower at passage 8 at two weeks after cell injection. (B) The urodynamic
results according to the hAFSC passage numbers were confirmed with real-time PCR analysis at the same period. (C) The mean LPP and CP values for the
1x10° dose group was similar only to Ctrl(+) at two weeks after cell injection. (D) The urodynamic results were confirmed with real-time PCR analysis at the
same period. The different letters on top of the bars show significant differences at p<0.05 by ANOVA Tukey's post-hoc test. Ctrl(+): sham operated normal
control group, P4, P6, and P8: passages 4, 6, and 8 cell injected group after bilateral pudendal nerve transaction, respectively, 10°, 10°, and 10 cell injected
group with number of 10°, 10°, and 10°, respectively, Ctrl(-): PBS-injected (without cell) negative control group after bilateral pudendal nerve transaction. hAF-
SC, human amniotic fluid stem cell.

652 YONSEIMED J HTTP://WWW.EYMJ.ORG VOLUME 56 NUMBER3 MAY 2015




Amniotic Fluid Stem Cell Therapy for Incontinence

with 1x10° cells was similar to that of the Ctrl(+) group (p=
0.874), and it was significantly different from the groups with
doses of 1x10° and 1x10* cells (»=0.003). The mean CP for
the 1x10° dose group was significantly different from the
1x10° and 1x10* dose groups (»=0.012 and p=0.003, respec-
tively). Real-time PCR analysis for myogenic, neurogenic,
and endothelial lineage markers showed that gene expres-
sion for the 1x10° dose group was significant and directly
proportional to the number of cells (Fig. 1D). With this re-
sult, the optimized cell dose for injection was selected to be
1x10°. This cell number is the maximum in this animal
model because of the limited size of the urethral sphincter.

Evaluation of efficacy

The therapeutic efficacy of hAFSCs was evaluated using
cells obtained at passage 6 and a cell number of 1x10° at
two weeks after injection. Histological examination re-
vealed no apparent sign of inflammation or tissue damage
at the injection sites (Fig. 2A). Compared with the Ctrl(+)
group, the Ctrl(-) group showed only a scant muscle layer
at the atrophic urethral sphincter. In the hAFSCs group, a
normal appearance of circular muscle mass regeneration
and a number of capillaries were identified at the urethral
sphincter region. This histological result was confirmed by
IHC staining using myogenesis-, neurogenesis-, and endo-
thelial genesis-related antibodies. The hAFSCs group was
positive for the antibodies and the intensity was higher in
this group compared with the Ctrl(-) group. In immunoge-
nicity analysis, CDS signals for cytotoxic T cells were not
detected in the hAFSCs group. The histologic results were
confirmed with real-time PCR analysis. The evaluated genes
were related to myogenesis, neurogenesis, and endothelial
lineage differentiation. In mouse primer analysis at week 2,
most of the genes were expressed at significantly higher
levels in the hAFSCs group than in the Ctrl(-) group, with
the exception of Nestin and CD34 (Fig. 2B). In contrast,
human gene expressions were relatively decreased com-
pared with mouse gene expression (Fig. 2C).

Cell toxicity evaluation in vivo

At week 2 after cell injection, one female mouse from the
control group had corneal opacity, and a male mouse had
secondary wound closure. However, these symptoms were
within the tolerance levels and were not considered signifi-
cant. With respect to weight change, food consumption,
ophthalmology test, urine test, hematological test, clinical
chemistry, estrous cycle, sperm motility, and organ weight,

no significant changes were found between the experimen-
tal groups and the control group. At necropsy, there were no
meaningful changes observed by histopathological exami-
nation in all animal groups, and there were no significant
changes related to the injections in the brain, lungs, liver,
kidney, and spinal cord. Histopathological findings showed
no connection to the test materials (Table 4).

Cell trafficking in vivo

In vivo histological and IHC analysis with HuNu antibody
identified the injected hAFSCs in situ. With H&E staining,
the experimental groups showed normal organ histology
compared to controls (Fig. 3A and B). IHC staining re-
vealed focal detection of injected cells at the injection site
and target organs two weeks after cell injection (Fig. 3C
and D). Upon analysis of cell migration to other organs,
cells were detected in the brain, heart, kidney, lung, spleen,
prostate, thymus, testis, ovary, and urethra. The kidney (one
case), spleen (four cases), prostate (one case), thymus (one
case), and urethra (three cases) showed resident injected
cells, which indicated that the injected cells migrated into
neighboring organs. In the male experimental group, 7/24
(29.17%) cases showed HuNu positive cells in the kidney (2
cells in one case), spleen (3, 6, 2, 2 cells in four cases), pros-
tate (1 cell in one case), and urethra (1 cell in one case). In
the female experimental group, 2/24 (16.6%) cases showed
HuNu positive cells in the thymus and urethra (1 cell at
each organ in 1 case) and urethra (1 cell in 1 case). When
compared with the injected cell number (1x10°), the posi-
tive cell number was significantly lower, and the positive
cells were not detected at week 4 (data not shown). There-
fore, injected cell migration and resident cell influence were
not considered a factor for hAFSC therapy.

DISCUSSION

To evaluate whether hAFSCs may provide a feasible cell-
based clinical product for treatment of SUI, pre-clinical pa-
rameters, including optimal cell passage number, dose, effi-
cacy, toxicity, tumorigenicity, and cell trafficking were eval-
uated.

Selected cell passage numbers smaller than 6 showed to
be optimal through urodynamic results in vivo. This pas-
sage number was similar to that described by Choi, et al."
who have reported in vitro data with bone marrow mesen-
chymal stem cells (MSCs) with the early passages (1, 3,
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Fig. 2. Evaluation of efficacy at passage 6 with 1x10° hAFSCs. (A) Histological and immunohistochemical analysis at two weeks after cell injection. hAFSC-in-
jected groups showed circular muscle mass regeneration, enhanced myogenesis, neurogenesis and endothelial genesis, and non-immunogenicity. (B)
Real-time PCR analysis of the expression of myogenesis, neurogenesis, and endothelial genesis lineage markers with mouse primer at the same period.
Most of genes were expressed significantly higher in hAFSC groups than in the Ctrl(-) group, except for Nestin and CD34. The different letters on top of the
bars show significant differences at p<0.05. (C) Real-time PCR analysis with human primer at week 2. The human gene expressions were relatively de-
creased compared with mouse gene expression. Magnification at x100. Ctrl(+): sham operated normal control group, Ctrl(-): PBS-injected (without cell) neg-
ative control group after bilateral pudendal nerve transaction, AFSC: hAFSC-injected group after bilateral pudendal nerve transaction. hAFSC, human amni-
otic fluid stem cell; H&E, hematoxylin and eosin.
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Table 4. Cell Toxicity Evaluation

Male/female
ftems Ctrl(+) 0.25%10° dose group 0.5x10° dose group 1x10° dose group
Body weight -/-* -/- A A
Food consumption - -/- /- -/-
Ophthalmology test -/- -/~ -/- -
Urine test e /- /- A
Hematological test -/- -/- -/- /-
Clinical chemistry -/- -/- oA /-
Estrous cycle -/- -/- /- /-
Sperm motility -/- /e -/- -/-
Organ weight -/- -/- -/- -
Necropsy finding -/- -/ /- /-
Histopathological finding -/- -/- -/- -/-
T lymphocyte proliferation -/- /= va -/-
B lymphocyte proliferation -/- -/ -/- /-

Ctrl(+): sham operated normal control group.

*No significant changes in the experimental groups compare with the control group.

and 5) and the late passages (7 and 9). The early passage
cells showed rapidly proliferating, small, and spindle-like
cells, whereas the cells from the late passages comprised of
larger and slower dividing cells. Critical passages were de-
termined to be between 5 and 7, where the number of large
cells (slower dividing) increased in the cell population. Fur-
thermore, the doubling time was expanded two- to three-
fold. It was suggested that the smaller spindle-like cells
could give rise to larger flatter cells through asymmetric cell
division as well as a rapid progression of cell senescence
with telomere shortening. In addition, the late passage cells
showed reduced ability to differentiate into adipocytes, os-
teocytes, or chondrocytes.'*!” In our PCR results, myogenic,
neurogenic, and endothelial genetic differential abilities
were inversely dependent on passage number. The late pas-
sage cells also demonstrated gradually decreased cytokine
and growth factor activity.'*!%!” Modulation of the microen-
vironment by MSCs plays an important role in the mainte-
nance of stem cell properties and differentiation.'"* Consid-
ering these reported in vitro results, hAFSCs with fewer
than 6 passages could maintain the secretion of cell survival
molecules, cytokines, and growth factors, which might pro-
vide a beneficial effect.

Cell dose selection is important for identification of safe-
ty and cost-saving strategies. The objective of our cell dose
study was to compare low (1x10%), moderate (1x10°), and
high (1x10°) doses of hAFSC injections. The functional
analysis of the sphincters revealed that LPP and CP mea-
sured in the high dose hAFSC-injected group were restored
to normal values, while the values of the low and moderate

cell dose groups had reduced functional recovery of the
urethral sphincter muscle. The PCR results showed that
myogenic, neurogenic, and endothelial genetic differential
abilities were dependent on cell dose. These results indicate
that periurethral injection of higher doses of hAFSCs into a
denervated urethral sphincter can effectively restore normal
urethral sphincter function. It should be considered that this
selected cell number was obtained using the mouse model.
Therefore, when applied to a clinical trial, the cell number
should be optimized for human patients.

This study evaluated general toxicity and tumorigenicity
by clinical signs and examinations. There were no significant
differences between the experimental and control groups re-
garding clinical outcome, hematology, and clinical chemis-
try analysis. Although necropsy and histopathological anal-
ysis showed minor organ profile alterations, no significant
toxicity was noted and any changes were determined to be
accidental and not associated with hAFSC injections.

In vivo trafficking of stem cells after grafting is essential
for understanding the effects of stem cells on migrational
properties and potential complications to target organs. Af-
ter two weeks, few hAFSCs migrated into the kidney, spleen,
thymus, prostate, and urethra, however, the cells frequently
populated the spleen. A cause for hAFSC migration into
these organs may be due to the fact that the spleen and kid-
ney are the main blood filtration organs, and the injected cells
could localize at these locations following circulation. In the
case of the spleen, it is reported to be an organ that harbors a
unique population of multipotent stem cells. Moreover, it is
capable of self-renewal, differentiation, restoration, and/or
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Fig. 3. Histological and immunohistochemical analysis for in vivo cell trafficking. (A and B) Representative images of histological analysis
at two weeks after cell injection. With H&E staining, target organs of the experimental groups (A, cell-injected) showed normal histology
as the control groups (B, PBS-injected). (C and D) Representative images of immunohistochemical analysis at two weeks after cell injec-
tion. The spleen and urethra showed resident injected cells in the experiment group (D). The nucleus is shown as a blue dot with DAPI
staining, and yellow arrows indicate detected hAFSCs with human nucleus-specific antibody in target organs. Magnification at x100.
hAFSC, human amniotic fluid stem cell; H&E, hematoxylin and eosin.
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changes in the functions of numerous tissues.'® The thymus
has also been identified to attract hAFSC localization. Thus,
our putative explanation is the existence of similar surface
markers'® expressed in thymus cells and MSCs,* which
could lead to the migration of hAFSCs to the thymus. Lo-
calization in the prostate might be explained by the proxim-
ity of the prostate to the injection site. Thus, some exudated
cells could have been induced into the prostate. The low de-
tection of hAFSCs in the urethra is based on previously re-
ported data."” The injected hAFSCs gradually disappeared
over the time course, and the existing cell number in the
urethra was below the detectable range by day 14.

In future studies, several different types of hAFSCs should
be tested as primary cultured hAFSCs could show varying
results. Additionally, cell number will need to be increased
to accommodate large animal models to achieve the proxi-
mate results of a clinical trial.

In this study, the selected optimal cell passage number
was determined to be smaller than 6, and the optimal cell
dose was determined to be 1x10° total cells for the mouse
model. In our pre-clinical study, hAFSC-injected animals
demonstrated normal values for the measured parameters,
and hAFSCs were found to be non-toxic and non-tumori-
genic. For in vivo cell trafficking, the injected hAFSCs were
rarely identified in the target organs at week 2. Therefore,
our study demonstrates for the first time a safe and effective
pre-clinical model of hAFSC injection to treat urinary in-
continence, providing a basis for future clinical applications.
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