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Purpose: To assess the possible negative health effects of human bone marrow-derived mesenchymal stem cells (hBMSCs) on fer-
tility and early embryonic development following intracavernous injections in rats.

Materials and Methods: A total of 88 Crl:CD(SD) male and female rats were equally divided into 4 groups in a random manner:
control group (normal saline), low-dose group (2x10° hBMSCs), moderate-dose group (1x10° hBMSCs), and high-dose group (2x10°
hBMSCs). hBMSCs or normal saline was injected into the penis of the rats 3 times at 2-week-intervals prior to mating. We compared
each group with respect to parameters of reproduction and histopathology.

Results: For male rats, various degrees of flushing and swelling were observed at the penile injection site in all the groups, al-
though the severity increased in a dose-dependent manner in the hBMSC injection groups. There were no statistically significant
differences in mean body weights and food consumption among all the groups of both sexes. There were no statistically significant
differences in reproductive parameters among all the groups of both sexes. The absolute and relative organ weights did not signifi-
cantly differ among the groups. At the time of necropsy, no remarkable findings were observed in gross examinations in all groups.
On histopathological analysis, minimal mononuclear cell infiltration was observed in the right epididymis of each rat in the moder-
ate- and high-dose groups.

Conclusions: The non-toxic amount of hBMSCs for male fertility and early embryogenesis in rats under the test conditions was de-
termined to be 2x10° cells/head.
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INTRODUCTION sufficient for satisfactory sexual performance [1] A large
epidemiologic study showed that the overall prevalence of

Erectile dysfunction (ED) is defined as the consistent or ~ ED was 16% in men, and increased with age between 18 to
recurrent inability to attain and/or maintain penile erection 59 years. In another study, this prevalence was reported as
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165% in men aged 18 to 29 years and 233% in men aged 50
to 59 years [2] Phosphodiesterase type 5 (PDE5) inhibitors
are commonly used to treat ED. However, an intact nitric
oxide supply from the nerves and endothelium is required to
ensure the efficacy of PDE5 inhibitors, which interfere with
the nitric oxide—cyclic guanosine monophosphate pathway.
Several prevalent diseases, including diabetes mellitus and
denervation of the cavernous nerve due to pelvic surger-
ies, reduce the bioavailability of nitric oxide as a result of
degeneration of the nitrinergic nerves supplying the penile
corpora cavernosa and vasculature [34] Therefore, the ef-
ficacy of PDES5 inhibitors in this population would not be
expected to be as high as in the general population of ED
patients [5]

Recent researches have shown that treatment with vari-
ous stem cells could restore erectile function in preclinical
models of cavernous nerve injury and diabetes mellitus [6]
Intracavernous stem cell delivery for ED treatment has been
the most popular route due to the easy access and successful
outcomes achieved thus far [7] In a previous study, we noted
that the intracavernous injection of human bone marrow-
derived mesenchymal stem cells (hBMSCs) led to the recov-
ery of penile erection and histomorphometric changes in a
rat model of cavernous nerve injury [89] Several human
clinical trials that used various stromal cells for ED treat-
ment have been conducted [10-12], or are ongoing [6].

Infertility following hematopoietic cell transplantation
occurs primarily because of the adverse effects of chemo-
radiotherapy [13] In addition, acute and chronic graft-versus-
host disease (GVHD) may also be responsible for infertility
after allogeneic hematopoietic cell transplantation [14,15].
However, there are few studies to report the reproductive
and developmental influence of hBMSCs [16] In the present
study, we aimed to assess the possible negative health effects
of hBMSCs on fertility and early embryonic development

following intracavernous injections in rats.

MATERIALS AND METHODS

1. Test material

All the manufacturing and product testing procedures
for the generation of hBMSCs were performed by Phar-
micell Co. Ltd. (Seongnam, Korea). Approximately 10mL of
bone marrow was obtained from the posterior superior iliac
crest of donor. Mononuclear cells were separated from the
bone marrow and washed with phosphate-buffered saline
(PBS). Cells were resuspended in Dulbecco’s Modified Eagle’s
Medium—Iow glucose containing 10% fetal bovine serum
(Gibco; Thermo Fisher Scientific Inc, Waltham, MA, USA)
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and 20 ug/mL gentamicin and plated at a density of 10 to
15x10° cells/em® in 75em® or 175cm” flasks (Thermo Fisher
Scientific Inc.). Cultures were maintained at 37°C in a hu-
midified atmosphere containing 5% CO, After 5 to 7 days,
the nonadherent cells were removed by replacing the medi-
um and the adherent cells were cultured another 2 to 3 days.
After reaching 70% to 80% confluence, the adherent cells
were detached with trypsin containing ethylenediamine-
tetraacetic acid and replated at a density of 4 to 5x10° cells/
cm’® in 175em” flasks. Cells were serially subcultured up to
passage 5 for animal injection. On the day of injection, hBM-
SCs were harvested using trypsin, washed twice with PBS
and once with Plasma Solution A Inj. (Multiple Electrolytes
Injection, Type 1, USP; CJ HealthCare, Seoul, Korea) and
resuspended to a final concentration of 1 to 4x10" cells/mL in
Plasma Solution A Inj. Criteria for release of hBMSCs for
preclinical use included absence of microbial contamination
(bacteria, fungus, mycoplasma or endotoxin), viability great-
er than 70% when assessed using a trypan blue exclusion
assay and immune phenotyping by flow cytometric analysis
proving expression of CD73 and CD105 surface molecules
(>85%) and absence of CD14, CD34 and CD45 (<3%) [9] hBM-
SCs were provided from Pharmicell Co. Ltd. to Biotoxtech
Co, Ltd. (Cheongju, Korea). Normal saline (JW Pharmaceuti-
cal, Seoul, Korea) was used as control material.

2, Animal care

The protocols for animal experimentation were ap-
proved by the Institutional Animal Care and Use Commit-
tee of Biotoxtech Co, Ltd. (130801), based on Korea’s Animal
Protection Act. A total of 95 Crl:CD(SD) male (6-week-old,
163.0-1905 g in weight) and female (9-week-old, 2049-2403 g
in weight) rats were purchased from Orient Bio Inc. (Seong-
nam, Korea) and housed for 1 (for male rats) or 2 (for female
rats) weeks for acclimatization. During the experiments, the
rats were housed individually in stainless wire mesh cages
260x350%210 mm in size, and were maintained under a 12
hours12 hours light/dark cycle (lights on at 0700, lights off
at 19:00), at a temperature of 204°C to 246°C, and humidity
of 359% to 687% with ad libitum access to food (Teklad Cer-
tified Global 18% Protein Rodent Diet 2918C; Harlan Labo-
ratories, Inc, Indianapolis, IN, USA) and water.

3. Experimental design

After acclimatization, 88 male (7-week-old, 237.9-2776 g
in weight) and female (11-week-old, 230.7-3106 g in weight)
rats, with body weight close to the mean value, were se-
lected. The rats were equally divided in a random manner
into 4 groups (22 male and female rats in each group), such
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that each group had similar mean body weight: (1) control
group (normal saline), (2) low-dose group (2x10° hBMSCs),
(3) moderate-dose group (1x10° hBMSCs), and (4) high-dose
group (2x10° hBMSCs). Each male rat was anesthetized with
Zoletil 50" (Tiletamin+Zolazepam; Virbac Laboratories, Car-
ros, France). A 50 pL suspension of hBMSCs (for the hBMSC
injection groups) or normal saline (for the control group)
was injected into the penis using a 30-gauge insulin syringe,
3 times at 2-week-intervals. The hBMSC doses and interval
of injection were determined during a preliminary test con-
ducted prior to the actual toxicity study, which included a
preclinical dose-finding study for investigational new drug
approval [9] Female rats did not receive any treatment. The
experimental design is outlined in Fig. 1.

4, Observations of clinical signs
All the rats were observed daily for general condition,
motility, excreta, and other factors. Pregnant female rats

Acclimatization
period (1 week)
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were observed carefully for changes in the pregnancy state,
such as abortion and premature birth. The presence of mori-
bund conditions or mortality was also recorded.

5. Body weight

The body weights of male rats were measured twice a
week from the dosing day to the necropsy day, whereas the
body weights of female rats were measured twice a week
from day O of gestation to the necropsy day.

6. Food consumption

The food consumption in male rats was measured week-
ly prior to dosing and during the observational period. After
mating, the food consumption in female rats was measured
weekly from day 1 of gestation to the necropsy day. The food
consumption was not recorded during the mating period.
The amount of food consumed was estimated by subtracting
the amounts of leftover food from the amounts of presented

Mating period
(2 weeks)
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Fig. 1. Experimental design. For male rats, a 50 pulL suspension of human bone marrow-derived mesenchymal stem cells (hnBMSCs) (for the hBMSC injec-
tion groups) or normal saline (for the control group) was injected into the penis, 3 times at 2-week-intervals. Male and female rats of the same group
were cohabitated (1:1) for 2 weeks of the mating period, which began 2 weeks after the final injection in the male rats. Mating was evaluated based on
the presence of a mating plug or via a vaginal smear test twice a day during the mating period. If mating was confirmed, the day was designated as day
0 of presumed gestation. Pregnancy was confirmed based on the presence of implantation in the uterus at the time of Caesarean section. All mated and
unmated female rats underwent Caesarean section on day 15 of gestation or 16 days after the end of mating period, respectively.
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food.

7. Mating

Male rats cohabited with female rats of the same group
(11) during the mating period. Mating was evaluated th-
rough the observation of a mating plug or via a vaginal
smear test twice a day during the mating period. If mating
was confirmed, the day was designated as day 0 of presumed
gestation. Pregnancy was confirmed based on the presence
of implantation in the uterus via a Caesarean section. Mat-
ing performance, including the mating index, fertility index,
and pregnancy index, was calculated as described previously
(17}

8. Implantation rate and embryo mortality

All mated and unmated female rats underwent a Cae-
sarean section on day 15 of gestation or 16 days after the end
of the mating period, respectively. The uteri were removed
and the numbers of corpora lutea, implantation, and resorp-
tion were recorded. Implantation rate and embryo mortality
were calculated as described previously [17]

9. Necropsy

Female rats were necropsied at the time of Caesarean
section, and thereafter, the male rats were necropsied. All
rats were sacrificed by exsanguination under isoflurane an-
esthesia, and the external surface and internal organs were
then grossly examined.

10. Organ weights
At the time of necropsy in all male rats, the following
organs were harvested and weighed individually: brain,
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pituitary, heart, liver, spleen, kidneys, adrenals, testes, and
epididymides. The relative organ weights were calculated by
dividing the absolute organ weights to the body weight.

11. Histopathological analysis

At the time of necropsy in all male rats, the following
organs were harvested and fixed in 10% neutral buffered
formalin: brain, pituitary, heart, lung with bronchi, thyroid,
liver, spleen, kidneys, adrenals, thymus, prostate, testes, epi-
didymides, penis, seminal vesicles, and coagulating gland.
Of these, the testes and epididymides were fixed in Bouin’s
solution first, followed by fixation in 10% neutral buffered
formalin. The penis, left testis, and right epididymis of 10
male rats from each group were subjected to histopathologi-
cal analysis.

12. Sperm examinations

Caudal epididymal sperm was examined in 10 male rats
from each group at the time of necropsy. The left caudal
epididymis was incised and incubated for approximately 3
to 10 minutes in 1% bovine serum albumin-Dulbecco’s PBS.
Samples were placed on glass slides and evaluated for motil-
ity by using a sperm analyzer (sperm analysis system, HTM-
TOX IVOS; Hamilton Thorne Biosciences, Beverly, MA,
USA); the parameters of sperm motility were determined
as described previously [17] In addition, sperm samples from
each group were smeared on glass slides, stained with Diff-
Quick, and examined for malformations using a light mi-
croscope at 200 sperms/smear. The deformity rate was calcu-
lated as described previously [17]

Testicular sperm was examined in 10 male rats from
each group at the time of necropsy. The right testis was
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Fig. 2. Body weights of male and female rats. The body weight was analyzed using the Bartlett’s test for homogeneity of variance. If equal variance was
assumed, one-way analysis of variance was used, if significant, followed by the Dunnett’s t-test for multiple comparisons. If equal variance was not as-
sumed, the Kruskal-Wallis test was used, if significant, followed by the Steel’s test for multiple comparisons.
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placed in 10 mL of distilled water, homogenized for 1 min-
utes using a homogenizer (Kinematica, Luzern, Switzerland),
and sonicated for 3 minutes. One drop of the homogeniza-
tion-resistant sperm heads solution was placed on the sperm
counting chamber (makler counting chamber; Sefi Medical
Instrument, Haifa, Israel) and the total sperm counts for
each rat was determined using a microscope. The number of
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sperm per 1 g of right testis tissue was calculated.

13. Statistical analysis

Statistical significance was defined as p<0.05 or p<00L
Statistical analysis was performed using SAS version 9.3
(SAS Institute Inc, Cary, NC, USA).
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Fig. 3. Food consumption of male and female rats. The food consumption was analyzed using the Bartlett’s test for homogeneity of variance. If equal vari-
ance was assumed, one-way analysis of variance was used, if significant, followed by the Dunnett’s t-test for multiple comparisons. If equal variance was
not assumed, the Kruskal-Wallis test was used, if significant, followed by the Steel’s test for multiple comparisons.

Table 1. Summary of mating performance

No. of female No. of No. of . -
. Mating Fertility Pregnancy
Group rats placed with female rats female rats . . .
index (%) index (%) index (%)
male rats mated pregnant
Control 22 21 95.5 95.2 90.9
Low-dose 22 21 95.5 90.5 86.4
Moderate-dose 22 22 100.0 100.0 100.0
High-dose 22 22 100.0 100.0 100.0

Mating index (%)=(No. of male or female rats mated/No. of female rats placed with male rats)x100
Fertility index (%)=(No. of male or female rats fertilization/No. of mated male or female rats)x100
Pregnancy index (%)=(No. of male or female rats pregnant/No. of female rats placed with male rats)x100

Mating performance was analyzed by Fisher’s exact test.

Table 2. Summary of Caesarean section findings

No. of resorption  Implantation rate (%) Embryo mortality (%)

Group No. of corporalutea  No. of implantation
Control (n=20) 18.1£3.5 15.3+1.3
Low-dose (n=19) 19.5+3.5 15.3+2.2
Moderate-dose (n=22) 19.3+4.7 16.0+1.6
High-dose (n=22) 20.8+4.2 16.1+1.3

0.2+0.4 86.7+13.1 1.3+2.6
0.9£1.0 79.6£13.7 5.6+6.6
0.8+0.8 86.2+15.0 4.9+5.2
0.5+0.9 80.1£13.9 3.3£5.1

Implantation rate (%)=(No. of implantation/No. of corpora lutea)x100
Embryo mortality (%)=(No. of resorption/No. of implantation)x100

Quantitative data were expressed as mean values with standard deviations.

The number of corpora lutea, the number of implantation, and implantation rate were analyzed using the Bartlett’s test for homogeneity of
variance. If equal variance was assumed, one-way analysis of variance was used, if significant, followed by the Dunnett’s t-test for multiple com-
parisons. If equal variance was not assumed, the Kruskal-Wallis test was used, if significant, followed by the Steel’s test for multiple comparisons.
Embryo mortality was analyzed using the Kruskal-Wallis test was used, if significant, followed by the Steel’s test for multiple comparisons.
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Table 6. Summary of sperm morphology in left epididymis

NOAEL for intracavernous injections of hBMSCs

Abnormal sperm ratio (%)

Group Head Midpiece Tail Head & tail  Deformity (%)
Bent neck Two Bent Coil Small separation
Control (n=10) 0.2+0.3 0.1+£0.2 0.6+0.4 0.8+0.8 0.3+0.4 24+1.2 4.2+19
Low-dose (n=10) 0.2+0.4 0.1+£0.2 0.3+0.5 1.0£1.1 0.2+0.3 2.0+1.1 3.7+2.0
Moderate-dose (n=10) 0.2+0.3 0.0+£0.0 0.3+0.4 0.8+0.9 0.3+0.5 2.2+0.9 3.6+£1.9
High-dose (n=10) 0.3+0.4 0.1+£0.2 0.5+0.6 0.7+£0.9 0.4+0.3 23+14 4.1£1.9

Quantitative data were expressed as mean values with standard deviations.

Sperm malformations were analyzed using the Bartlett’s test for homogeneity of variance. If equal variance was assumed, one-way analysis of
variance was used, if significant, followed by the Dunnett’s t-test for multiple comparisons. If equal variance was not assumed, the Kruskal-Wal-
lis test was used, if significant, followed by the Steel’s test for multiple comparisons. Sperm deformity was analyzed using the Kruskal-Wallis test
was used, if significant, followed by the Steel’s test for multiple comparisons.

Table 7. Summary of sperm count in right testis

Group No. of sperms (x10%g)
Control (n=10) 191+27
Low-dose (n=10) 189+39
Moderate-dose (n=10) 196+38
High-dose (n=10) 201+39

Quantitative data were expressed as mean values with standard devia-
tions.

Sperm count was analyzed using the Bartlett’s test for homogeneity of
variance. If equal variance was assumed, one-way analysis of variance
was used, if significant, followed by the Dunnett’s t-test for multiple
comparisons. If equal variance was not assumed, the Kruskal-Wallis
test was used, if significant, followed by the Steel’s test for multiple
comparisons.

8. Histopathological analysis

Even though minimal mononuclear cell infiltration in
right epididymis was observed in each a rat of the moderate-
and high-dose groups, no remarkable findings were observed
on histopathological analysis in any of the groups (Supple-
mentary Table 3).

9. Sperm examinations

There were no significant differences in sperm motil-
ity, malformation, and sperm count among the control and
hBMSC injection groups (Tables 5-7).

DISCUSSION

Most pre-transplant conditioning regimens for hemato-
poietic cell transplantation include alkylating agents and/
or irradiation, both of which may cause germ cell injury,
gonadal dysfunction, and infertility [13]. Both acute and
chronic GVHD can lead to infertility after allogeneic he-
matopoietic cell transplantation, through a loss of Leydig
cell function during a local alloresponse or via impaired
spermatogenesis due to the effects of systemic inflamma-

Investig Clin Urol 2020;61:88-98.

tory factors of ongoing GVHD [14,15] Although hBMSCs are
not inherently immunogenic due to the lack of major histo-
compatibility complex human leukocyte antigen class II [18],
transplant rejection can occur in normal rats without immu-
nosuppression [19] In addition, repeated transplantation of
human embryonic stromal cells into immunocompetent mice
reportedly led to accelerated cell death due to an adaptive
donor-specific immune response [9,18,20] Therefore, hRBMSCs
might cause reproductive and developmental toxicity. In
the present study, we aimed to assess the possible negative
health effects of hBMSCs on fertility and early embryonic
development following intracavernous injections in male
rats before mating.

We did not observe any hBMSCs treatment-related dea-
ths. Flushing and swelling at the penile injection site were
observed in the control and hBMSC injection groups, whe-
rein the severity increased in a dose-dependent manner.
Hence, hBMSCs can be considered to have minor effects at
the penile injection site. Nevertheless, this reaction does not
appear to have any toxicological significance, as mating per-
formance, pregnancy, or sperm remain unaffected. Over the
entire course of the study, we did not observe any signifi-
cant alterations in body weights or food consumption in any
of the hBMSC-treated rats of both sexes.

Moreover, there were no significant hBMSC-induced
negative health effects on any of the reproductive param-
eters in both sexes. There were also no significant gross or
histopathological findings related to hBMSC-induced toxic-
ity in both sexes. The minimal mononuclear cell infiltration
in the right epididymis observed in each rat in the moder-
ate- and high-dose groups was not associated with any cor-
responding reproductive manifestations. Both pairs of male/
female rats mated successfully, and pregnancy was noted.
The implantation rate of each pair was 84.2% and 56.7%, re-
spectively, and no embryo mortality was noted in either pair.

Moreover, both pairs did not exhibit any noticeable de-
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viation in sperm motility, malformation, and sperm count
fertility from the mean of each group. Therefore, these his-
topathological changes were not considered to be associated
with hBMSC-related adverse effects, but appeared to be ad-
ventitious due to individual differences.

There are several limitations in the present study. The
modulation of paracrine factors such as exosome and mito-
chondprial transfer for tissue repair were important in other
organs [21] But, our study had to suggest a direct toxicity of
stem cell treatment at ED rats. Although we could not show
the paracrine effects of hBMSC related with infertility and
early embryonal development, we considered that this could
affect the infertility and early embryogenesis. Thus, we
continue to observe and work out this effect in subsequent
studies. Also, we could not exclude immune rejection. The
macrophage-mediated immune response in the injection site
increased significantly after injection of stem cells [19] Our
previous study revealed that grade of inflammation was
significantly increased in the delayed multiple hBMSCs in-
jection rats. In addition, some inflammation was observed in
the control, immediate hBMSCs injection, and delayed single
hBMSCs injection groups [9] This might be attributable to
trauma by needle penetration or weak xenogenic reaction.
We suggest that multiple hBMSCs injections induce an im-
mune response that justifies the absence of incremental
benefit of repeated stem cell treatments, as confirmed by
the presence of inflammation. We proposed to assess the
possible negative health effects of hBMSCs on fertility and
early embryonic development following intracavernous in-
jections in male rats before mating. Flushing and swelling
at the penile injection site were observed in the control and
hBMSC injection groups, wherein the severity increased in
a dose-dependent manner. Hence, hBMSCs can be considered
to have minor effects at the penile injection site. Neverthe-
less, this reaction does not appear to have any toxicological
significance, as mating performance, pregnancy, or sperm
remain unaffected.

To our knowledge, this study is the first to evaluate the
possible negative effects of stem cell therapy on fertility and
early embryonic development. We have been performing a
phase I study to evaluate the safety of autologous BMSCs in
ED, based on our current results and those of a previous re-
port on efficacy outcomes [9,22] Furthermore, the purpose of
this study 1is to present the basis for the safe use of hBMSCs
in ED patients.

CONCLUSIONS

This study assessed the potential adverse effects of

[°13) www.icurology.org
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hBMSCs injected into the penis of male SD rats, 3 times at
2-week-intervals, prior to mating. There were no significant
changes in body weight, food consumption, organ weight,
necropsy, and reproductive parameters of both sexes, except
for a minor local effect at the penile injection site and an
unrelated histopathological change in the right epididymis.
Therefore, a non-toxic amount for male fertility and early
embryogenesis of rats under the test conditions (NOAEL)
was determined to be 2x10° cells/head.
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