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1  |  INTRODUC TION

Endometriosis is a chronic pelvic inflammatory disease caused by 
ectopic endometrium.1 Inflammation can lead to dysmenorrhea, 
chronic pelvic pain, and infertility. Hormonal therapy is a known 

method for relieving these symptoms in women with endometri-
osis.2 However, it is less useful in patients who wish to conceive 
because hormonal therapy suppresses ovulation. Therefore, estab-
lishing novel treatments for endometriosis that do not suppress ovu-
lation is desirable.
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Abstract
Purpose: This study aimed to explore whether umbilical cord-derived mesenchymal 
stem cells (UC-MSCs) could be used as a therapeutic resource for endometriosis.
Methods: Of seven cynomolgus monkeys with endometriosis, five were administered 
UC-MSCs (intervention group) and two were administered saline (control group). 
First, intravenous US-MSC treatment was administered for three months. Second, 
weekly intravenous US-MSC administration combined with monthly intraperitoneal 
US-MSC administration was conducted for 3 months. Finally, weekly intraperitoneal 
US-MSC administration was conducted for 3 months. The dose of UC-MSCs was set 
to 2 × 106 cells/kg for all administration routes. Laparoscopic findings and serum can-
cer antigen 125 (CA125) levels were also evaluated. The Revised American Society for 
Reproductive Medicine classification was used for laparoscopic evaluation.
Results: Laparoscopic findings showed exacerbation of endometriosis after intra-
peritoneal UC-MSC administration, although no changes were observed in the con-
trol group. Intravenous UC-MSC administration decreased the level of CA125 in all 
monkeys; however, the difference was not significant. Intraperitoneal UC-MSC ad-
ministration significantly exacerbated endometriosis compared with intravenous ad-
ministration (p = 0.02).
Conclusions: This study revealed that intraperitoneal UC-MSC administration exacer-
bates endometriosis in a nonhuman primate model of the disease.
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CA-125 antigen, endometriosis, intraperitoneal injections, Macaca fascicularis, mesenchymal 
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Many recent reports have indicated that mesenchymal stem cells 
(MSCs), also called mesenchymal stromal cells, can be applied for 
gynecological disorders.3,4 However, their efficacy in treating endo-
metriosis remains unclear. Umbilical cord (UC)-derived MSCs (UC-
MSCs) inhibit endometriotic cell proliferation in vitro.5,6 In rodent 
models, adipose tissue-derived stem cells inhibited the growth of 
endometriosis-like lesions.7,8 In contrast, Abomaray et al. demon-
strated that MSCs derived from ectopic and eutopic endometrial 
tissues are pluripotent and support the growth of endometriotic le-
sions through immunosuppressive effects.9 The same authors also 
concluded that the use of adipose tissue-derived MSCs should not 
be considered a potential therapy for endometriosis.10 Furthermore, 
Li et al. demonstrated that MSCs derived from the endometrium 
promote fibrogenesis in ovarian endometriomas.11

To resolve these arguments, experiments with MSCs adminis-
tered to monkeys, a nonhuman primate model, with spontaneous en-
dometriosis are needed. The safety of administering human MSCs to 
nonhuman primates has been confirmed.12 Therefore, in this study, 
we administered UC-MSCs to cynomolgus monkeys (Macaca fascicu-
laris) with spontaneous endometriosis and examined the effects.

2  |  MATERIAL S AND METHODS

2.1  |  Ethical approval and animals

This study was conducted at the Research Center for Animal Life 
Science at Shiga University of Medical Science with approval from 
the Animal Care and Use Committee of Shiga University of Medical 
Science (approval number: 2021-3-8). This study was carried out in 
strict accordance with the Fundamental Guidelines for Proper Con-
duct of Animal Experiments and Related Activities in Academic Re-
search Institutions, regulated by the Ministry of Education, Culture, 
Sports, Science, and Technology of Japan.

Monkeys (Macaca fascicularis) with spontaneous endometriosis 
were housed individually in cages. Drinking water was provided ad 
libitum. The breeding environment has been described in our pre-
vious report.13 All monkeys were confirmed free of herpes B virus, 
hepatitis E virus, Mycobacterium tuberculosis, Shigella spp., Salmonella 
spp., and Entamoeba histolytica.

2.2  |  Laparoscopy

Laparoscopic observation of the monkeys was performed before in-
tervention and after each treatment, as described in our previous re-
port.13 Laparoscopy was performed under general anesthesia using 
ketamine and xylazine. A laparoscopic port was placed at the midline 
of the lower abdomen, and another port for the operating rod was 
placed in the lower right abdomen. A laparoscope (LA-6500; Machida 
Endoscope Co. Ltd., Chiba, Japan) was connected to a recording de-
vice (SHIMIZU Laboratory Supplies Co., Ltd., Kyoto, Japan). The le-
sion size was measured using operating rod-tip markings (Figure S1).

2.3  |  Establishment of UC-MSCs

This study was approved by the Ethics Committees of the Institute 
of Medical Science, University of Tokyo (approval number: 31-2). 
UCs were collected after informed consent was obtained from preg-
nant women planning to undergo a cesarean section. The fresh and 
frozen–thawed UC tissues were minced into 1–2-mm3 fragments.14 
Tissue fragments were cultured in α-minimal essential medium (Wako 
Pure Chemical Industries, Ltd., Osaka, Japan) supplemented with 
10% fetal bovine serum and antibiotics–antimycotics (Antibiotic–
Antimycotic 100×; Life Technologies, Carlsbad, CA, USA) at 37°C 
under 5% CO2 using a Cellamigo® stainless steel mesh (Tsubakimoto 
Chain Co., Osaka, Japan) for improved explant isolation. Fibroblast-
like adherent cells that migrated from the tissue fragments were 
harvested using TrypLE Select (Life Technologies) and defined as 
passage-1 cells. The harvested cells were passaged until passage 4, 
after which the cells were used for UC-MSC experimental analyses. 
UC-MSCs were cryopreserved in a cryoprotectant.

2.4  |  Flow cytometry analysis

Standard flow cytometry was performed to determine the presence 
of MSC markers, as defined by the International Society for Cellular 
Therapy.15 UC-MSCs were stained using a Human MSC Analysis kit 
(BD Biosciences, Franklin Lakes, NJ, USA) containing the following 
mouse monoclonal antibodies, which are positive markers for MSCs: 
fluorescein isothiocyanate (FITC)-conjugated anti-human CD90; 
phycoerythrin (PE)-conjugated anti-human CD105; allophyco-
cyanin (APC)-conjugated anti-human CD73; FITC-conjugated anti-
human CD44 (BD Biosciences), and PE-conjugated anti-HLA-ABC 
(BD Biosciences). Additionally, UC-MSCs were stained with FITC-
conjugated anti-HLA-DR (BD Biosciences), FITC-conjugated anti-
human CD34 (BD Biosciences), PE-conjugated anti-human CD11b 
(BD Biosciences), PE-conjugated anti-human CD19 (BD Biosciences), 
or APC-conjugated anti-CD45 (BD Biosciences); these are negative 
markers for MSCs. Propidium iodide was used to identify and ex-
clude dead cells using flow cytometry, as previously described.16

2.5  |  Administration of UC-MSCs

Five of the seven monkeys were assigned to the intervention group 
that received UC-MSCs. The remaining two monkeys were used as 
controls; to whom saline was administered instead of UC-MSCs. Al-
location to intervention and control groups was determined based 
on laparoscopic findings to determine whether the monkeys had 
endometriosis before study initiation. Monkeys with relatively se-
vere laparoscopic findings were assigned to the intervention group, 
and one monkey with mild laparoscopic findings was also assigned 
to the intervention group, as we considered that it would be impor-
tant to evaluate whether UC-MSCs could treat severe endometrio-
sis when considering clinical applications in humans. UC-MSCs were 
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dissolved in physiological saline and administered at a dosage deter-
mined with reference to a prior report that confirmed the efficacy 
and safety of administering human MSCs to monkeys.12 The dose 
was 2 × 106 cells/kg body weight for intravenous and intraperitoneal 
administration. For the first 3 months, UC-MSCs were administered 
intravenously once per week. However, since intravenous admin-
istration only was ineffective, weekly intravenous injections were 
administered in conjunction with intraperitoneal injections once per 
month for the next 3 months. After a 1-month interval, weekly in-
traperitoneal injections were administered for the last 3 months to 
assess the direct effect (Figure 1).

2.6  |  Evaluation of endometriosis

Laparoscopy is commonly used to assess endometriosis, using the 
Revised American Society for Reproductive Medicine (r-ASRM) 
Classification of Endometriosis.17 In previous reports, the R-ASRM 
score has also been used to determine endometriosis staging in 
monkeys.18,19

Cancer antigen 125 (CA125) is a well-known serum marker of 
endometriosis.20 The abovementioned laparoscopic findings and 
CA125 concentrations are reportedly useful for diagnosing endome-
triosis in monkeys.19 Blood was collected during laparoscopy under 
general anesthesia but not during the menstrual phase. The sam-
ples were sent to SRL, Inc. (Tokyo, Japan) to measure serum CA125 
concentration.

2.7  |  Statistical analysis

Statistical analyses were performed using GraphPad Prism 
ver. 7 (GraphPad Software, Inc., San Diego, CA, USA). The 

D'Agostino–Pearson test was used to evaluate data distribution. 
Mean values were used in the analysis of normally distributed data. 
Median values were used in the analysis of non-normally distributed 
data. For multiple comparisons, one-way analysis of variance was 
used, followed by Dunn's post-hoc test to determine statistical sig-
nificance. Statistical significance was set at p < 0.05.

3  |  RESULTS

3.1  |  Establishment of UC-MSCs

All UC-MSCs were spindle-shaped, plastic-adherent cells (Figure 2A). 
Analysis of the surface markers of UC-MSCs showed that the cells 
were all positive for CD73, CD105, CD90, HLA-ABC, and CD44 and 
negative for CD45, CD34, CD11b, CD 19, and HLA-DR, as defined by 
the International Society for Cell Therapy (Figure 2B). Furthermore, 
these markers did not change, even after passage 4.

3.2  |  Laparoscopic findings

All cynomolgus monkeys with endometriosis exhibited regular men-
strual cycles. Four monkeys were from Vietnam, one was from China, 
one from Indonesia, and one from the Research Center for Animal 
Life Science at the Shiga University of Medical Science (Table 1).

The laparoscopic findings were as follows: In monkey I-1, adhe-
sions of the uterus and omentum with black lesions were observed 
before the intervention. The black lesion on the omentum had not 
changed in size after 3 months. In contrast, adhesions around the 
uterine fundus progressed after 6 months and were so severe that 
they could not be observed laparoscopically after 10 months. In 
monkey I-2, red lesions were observed on the serosal surface of 

F I G U R E  1 Simple schematic representation of the protocol used in this study. The umbilical cord-derived mesenchymal stem cell (UC-
MSC) dose was 2 × 106 cells/kg for both intravenous and intraperitoneal administration. M, months.
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the uterus prior to intervention. At 6 months, adhesions around the 
uterus appeared, and at 10 months, it was necessary to move the 
adhesion sites with an operating rod to observe the fundus of the 
uterus (Figure  3B). In monkey I-3, three cystic black lesions were 
observed around the right adnexa. At 3 months, two of these had 
nearly disappeared, and one had shrunk. However, the black le-
sions had regrown at 6 months and increased in size at 10 months 
(Figure 3C). In monkey I-4, red lesions were observed in the vesi-
couterine pouch, which expanded slightly during the course of the 
experiment (Figure  3D). In monkey I-5, small red lesions and mild 
peritoneal thickening were initially observed in the pouch of Doug-
las. Over time, the lesions gradually expanded, and the peritoneum 

thickened, particularly after intraperitoneal UC-MSC administration 
(Figure 3E). In contrast, in monkeys C-1 and C-2 (control groups), red 
lesions were initially observed on the pelvic peritoneal surface; how-
ever, no significant changes were observed in these lesions through-
out the study period (Figure 3F,G).

3.3  |  R-ASRM score

In the r-ASRM classification, the adhesion scores of I-1 and I-2 
were 108 both before intervention and at 3 months; however, they 
increased to 144 in both monkeys by 6 and 10 months. Monkeys 

F I G U R E  2 Characterization of umbilical cord-derived mesenchymal stem cells (UC-MSCs). (A) UC-MSCs with spindle shapes isolated 
using the explant method. (B) Flow cytometry analysis shows that UC-MSCs are positive for CD90, CD73, CD105, CD44, and HLA-ABC and 
negative for CD 34, CD11b, CD45, CD19, and HLA-DR.

Identification 
number Origin

Age 
(years)

Body weight 
(kg)

Herpes 
B virus

Intervention group I-1 RCALS 17.9 4.1 Negative

I-2 Indonesia 17.2 2.4 Negative

I-3 Vietnam 17.1 2.9 Negative

I-4 Vietnam 16.2 3.4 Negative

I-5 Vietnam 11.1 3.6 Negative

Control group C-1 China 20.9 4.1 Negative

C-2 Vietnam 14.2 3.2 Negative

Abbreviation: RCALS, Research Center for Animal Life Science at Shiga University of Medical 
Science.

TA B L E  1 Background of cynomolgus 
monkeys with endometriosis.
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I-3 and I-4 showed scores of 116 and 112, respectively, which did 
not change throughout the study. The adhesion score for mon-
key I-5 was zero before the experiment and at 3 months, one at 
6 months, and two at 10 months. In the control group, the adhe-
sion scores for monkeys C-1 and C-2 before the intervention were 
80 and 2, respectively, and did not change throughout the experi-
ment (Figure 4A).

By r-ASRM classification, the size scores of monkeys I-1, I-2, 
and I-3 before the experiment began were 12, 12, and 8, respec-
tively. The scores did not change throughout the study period. The 
size score of monkey I-4 was four before the experiment and at 
3 months; however, it increased to six at 6 months and remained six 
at 10 months. The score of monkey I-5 also increased throughout the 
study: one before the experiment, one at 3 months, two at 6 months, 
and three at 10 months. In contrast, in the control group, the size 
scores of monkeys C-1 and C-2 did not change throughout the study 
(Figure 4B).

The total score in the intervention group increased, except for 
those of monkeys I-3 and I-4. The scores of monkeys C-1 and C-2 
in the control group did not change (Figure 4C). The median total 
scores also did not differ significantly between the intervention and 
control groups (Figure 4D).

3.4  |  Body weight and CA125 levels

Table  2 shows the body weight changes of the monkeys during 
the experiment. The median body weight in the intervention group 
was 3.4 kg before the intervention, 3.5 kg at 3 months, 3.4 kg at 
6 months, and 3.3 kg at 10 months (Figure 5A). The median body 
weight in the control group was 3.7 kg before the experiment, 
3.6 kg at 3 months, 3.5 kg at 6 months, and 3.5 kg at 10 months. 
No significant changes were observed in either group during the 
study.

Table 3 shows the changes in CA125 levels in monkeys during 
this experiment. The median CA125 level in the intervention group 
was 150 U/mL before the intervention, 63 U/mL at 3 months, 94 U/
mL at 6 months, and 113 U/mL at 10 months. The median CA125 
level in the control group was 16 U/mL before the experiment, 19 U/
mL at 3 months, 12 U/mL at 6 months, and 16 U/mL at 10 months. Al-
though no change occurred over time in the control group, CA125 
levels in the intervention group differed significantly between three 
and 10 months (p = 0.02; Figure 5B).

4  |  DISCUSSION

To our knowledge, no previous study has reported MSC adminis-
tration in monkeys with endometriosis. Weekly intravenous UC-
MSC administration for 3 months decreased CA125 levels in all 
monkeys; however, laparoscopic findings improved in only one 
monkey. Subsequent weekly intravenous administration combined 
with once-monthly intraperitoneal administration for 3 months 
was unsuccessful in alleviating endometriosis. Finally, after a 1-
month treatment-free interval, 3 months of weekly intraperito-
neal injections without intravenous administration exacerbated 
endometriosis.

Endometriosis induces the release of pro-inflammatory and anti-
inflammatory cytokines in the pelvic cavity.21,22 Pro-inflammatory 
cytokines, such as interleukin (IL)-1, IL-6, and tumor necrosis 

F I G U R E  3 Laparoscopic findings during this study. (A) Adhesion 
of the uterus and omentum with a black lesion was observed in 
monkey I-1. However, it was difficult to observe the lesion due 
to the severity of the adhesion after 6 months. (B) The uterus of 
monkey I-2 demonstrated a red lesion; however, it was difficult to 
observe the uterus due to adhesion after 6 months. (C) The right 
adnexa of monkey I-3 showed a black lesion. The lesion shrank 
after 3 months; however, it expanded after 6 months. (D) The red 
lesion of monkey I-4 in the vesicouterine pouch expanded mildly 
during the experiment. (E) A red lesion and peritoneal thickening 
were observed in the pouch of Douglas in monkey I-5. The lesion 
gradually expanded, and the peritoneum thickened markedly after 
6 months. (F,G) Red lesions were observed in the vesicouterine 
pouches of monkeys C-1 and C-2. The size of the lesions remained 
unchanged throughout the experiment.
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factor-alpha, have been detected in patients with endometriosis.23,24 
These inflammatory cytokines are related to infertility and pain23,25 
and promote the presence and extent of endometriosis.23 Among 
anti-inflammatory cytokines, IL-4, IL-10, and transforming growth 
factor-beta (TGF-β) levels are also elevated both in the peripheral 
blood and in the peritoneal fluid of patients with endometriosis.26–29 

These anti-inflammatory cytokines contribute to the development 
of endometriosis via immune escape, cell proliferation, adhe-
sion, migration, invasion, epithelial–mesenchymal transition, and 
angiogenesis.22

Opposing inflammatory effectors are observed during endo-
metriosis. Therefore, using immunomodulatory agents as thera-
peutic candidates for endometriosis has remained challenging. 
Among MSCs with demonstrated immunomodulatory effects,30 
UC-MSCs offer several advantages: they can be isolated directly 
from the UC without requiring invasive procedures31 and show 
good clinical efficacy and biocompatibility.32–36 Therefore, in light 
of their anti-proliferative effects on endometrial cells in vitro,5,6 
we expected UC-MSCs to serve as potential effective agents 
against endometriosis in vivo. Intravenous US-MSC administra-
tion reduced the CA125 levels in all monkeys; however, laparos-
copy showed improvement in endometrial lesions in only one 
monkey. Therefore, we performed intraperitoneal administration 
to observe a direct effect. However, both laparoscopic findings 
and CA125 levels worsened after intraperitoneal administration. 

F I G U R E  4 Changes according to 
the Revised American Society for 
Reproductive Medicine (r-ASRM) 
classification for endometriosis. The solid 
line indicates the intervention group, and 
the dashed line represents the control 
group. (A) Adhesion score. (B) Size score. 
(C) Total r-ASRM score. (D) Comparison of 
the total r-ASRM score during the study.

TA B L E  2 Body weight change in monkeys in this study.

Identification 
number 0 M 3 M 6 M 10 M

Intervention group I-1 4.1 3.9 3.4 3.5

I-2 2.4 2.5 2.5 2.5

I-3 2.9 3.1 2.8 2.8

I-4 3.4 3.6 3.6 3.3

I-5 3.6 3.5 3.4 3.4

Control group C-1 4.1 4.1 4.0 3.9

C-2 3.2 3.0 3.0 3.0

Abbreviation: M, months.
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In particular, for CA125, a statistically significant difference was 
observed despite the small number of samples used in our study. 
These results were consistent with the findings of Abomary et al., 
who used endometrium-derived MSCs.9

Anti-inflammatory cytokines, such as TGF-β, are involved in ex-
tending endometriotic lesions. Notably, MSCs are also known to se-
crete TGF-β.37–39 Specifically, UC-MSCs produce more TGF-β than 
do MSCs derived from amniotic membrane and adipose tissue.38 The 
level of activated TGF-β, which induces regulatory T cells effectively, 
is elevated in ascites in patients with endometriosis.29 MSCs derived 
from endometriotic lesions significantly promote fibrogenesis via 
TGF-β and WNT1.11 Furthermore, TGF-β induces fibrosis during 
endometriosis.40 Therefore, anti-inflammatory cytokines, including 
TGF-β secreted by UC-MSCs, likely contribute to the exacerbation 
of endometriosis by intraperitoneal administration.

A limitation of this study was the small sample size. However, 
obtaining enough monkeys with spontaneous endometriosis for sta-
tistical analysis is not easy. Therefore, the decrease in CA125 levels 
after intravenous UC-MSC administration may have reached statis-
tical significance if the sample size was larger. In addition, only two 
monkeys were included in the control group, which was insufficient 
to demonstrate the natural change in the ASRM score and CA125 
levels in monkeys with endometriosis. However, the exacerbation 
of laparoscopic findings noted in this study was not observed in our 
previous report.13 In addition, the high CA125 levels noted in this 
study were not demonstrated previously.19 Therefore, we consid-
ered that the changes in the ASRM score and CA125 levels were 
not within the normal range. Second, unlike rodents, the genetic 
backgrounds of the monkeys were different because they were not 
inbred. Third, this was a xenograft experiment; therefore, the admin-
istered human cells are highly likely to be immunologically rejected 

by the monkey host, thereby provoking inflammatory responses 
that could worsen endometriosis. However, in previous experiments 
wherein human MSCs were administered to monkeys, no xenograft-
induced inflammation was observed, regardless of the administra-
tion method (Table 4).41–47 Wang et al.,42 Feng et al.,12 and Yeung 
et al.,47 administered human MSCs to healthy monkeys and proved 
the safety of xenografts involving human MSCs. In particular, Feng 
et al. showed the efficacy of local administration of these cells into 
the brain, instead of intravascular administration. Therefore, MSCs 
were used undiluted, without adverse effects. Furthermore, Guo 
et al.45 reported that intraperitoneal human UC-MSC administration 
was effective for acute liver failure. In addition to monkeys, Perry 
et al.48 locally administered human UC-MSCs to rodents, and Chu 
et al.49 intratracheally injected UC-MSCs into a rat model of pul-
monary fibrosis. Both experiments revealed their efficacy without 
side effects. As UC-MSCs do not express HLA-DR and have an im-
mune escape mechanism, they do not cause inflammation, even in 
a murine model. Taken together, we do not consider that the exac-
erbation of endometriosis was caused by xenograft-induced inflam-
mation after intraperitoneal administration of human UC-MSCs. We 
consider it reasonable to assume that the paracrine effect produced 
by UC-MSCs exacerbated endometriosis. Fourth, there are no data 
available on the number of cells remaining in the blood vessels or 
peritoneal cavity and the duration of their presence. However, even 
if MSCs disappeared in a few days, cytokines such as TGF-β secreted 
by MSCs in the peritoneal cavity might exacerbate endometriosis. 
As the present study protocol was based on weekly administration, 
we considered that endometriosis was constantly induced by these 
cytokines.

In conclusion, intraperitoneal UC-MSC administration sig-
nificantly exacerbated endometriosis in cynomolgus monkeys. 

F I G U R E  5 Comparison of body weight 
(A) and CA125 levels (B) of the monkeys 
via one-way analysis of variance, followed 
by the Dunn test. *p < 0.05. CA125, cancer 
antigen 125.

Identification 
number 0 M 3 M 6 M 10 M

Intervention group I-1 289.0 220.0 622.0 1550.0

I-2 220.0 110.0 130.0 468.0

I-3 42.9 24.8 23.0 113.0

I-4 150.0 63.1 94.0 73.0

I-5 37.8 29.1 31.0 68.9

Control group C-1 10.2 17.9 10.0 11.6

C-2 22.1 20.9 14.0 21.2

Abbreviation: M, months.

TA B L E  3 Change in CA125 levels 
(U/mL) in monkeys in this study.
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Although the potential efficacy of intravenous UC-MSC ad-
ministration in endometriosis remains unclear, our findings in a 
nonhuman primate model of endometriosis suggested that intra-
peritoneal UC-MSC administration should not be used to treat 
endometriosis.

ACKNOWLEDG MENTS
We thank the staff at the Research Center for Animal Life Science, 
Shiga University of Medical Science, who cared for the monkeys in 
this study. We would like to thank Atsuko Takahashi MT at The Insti-
tute of Medical Science, The University of Tokyo, who supported for 
establishment of UC-MSCs and expanding those cells. We would like 
to thank Editage (www.edita​ge.com) for English language editing. 
This study was supported by Grants-in-Aid for Scientific Research 
(KAKENHI, 20K09668).

CONFLIC T OF INTERE S T S TATEMENT
Author T. Murakami is an Editorial Board member of Reproductive 
Medicine and Biology and a co-author of this article. To remove bias, 
he was excluded from all editorial decision-making related to the ac-
ceptance of this article for publication.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available upon 
reasonable request from the corresponding author.

E THIC S S TATEMENT
The animal study was conducted at the Research Center for Animal 
Life Science at Shiga University of Medical Science with permission 
from the Animal Care and Use Committee of Shiga University of 
Medical Science (approval number: 2021-3-8). Umbilical cords (UCs) 
were obtained in a manner approved by the Ethics Committees of 
the Institute of Medical Science, University of Tokyo, NTT Medical 
Center Hospital, and Yamaguchi Hospital, Japan (approval number: 
27-61-1223, 31-2). UCs were collected after informed consent was 
obtained from pregnant women planning to undergo a cesarean 
section.

HUMAN RIG HTS S TATEMENT AND IMPROVED 
CONSENT
All procedures involving humans were in accordance with the ethical 
standards of the responsible committee on human experimentation 
(institutional and national) and with the Helsinki Declaration of 1964 
and its later amendments. Informed consent was obtained from all 
patients included in the study.

ANIMAL S TUDIE S
All institutional and national guidelines for the care and use of labo-
ratory animals were followed. This study was conducted in strict ac-
cordance with the Fundamental Guidelines for Proper Conduct of 
Animal Experiments and Related Activities in Academic Research 
Institutions, regulated by the Ministry of Education, Culture, Sports, 
Science, and Technology, Japan.TA

B
LE

 4
 
Xe
no
gr
af
t e
xp
er
im
en
t u
si
ng
 h
um
an
 M
SC
 in
 m
on
ke
ys
.

Fi
rs

t a
ut

ho
r

Ye
ar

A
dm

in
is

te
re

d 
ce

lls
M

et
ho

d 
of

 a
dm

in
is

tr
at

io
n 

to
 

m
on

ke
ys

Ta
rg

et
 d

is
ea

se
Re

su
lt

Si
de

 e
ff

ec
t

Li
 J

20
10

H
um

an
 B

M
-M

SC
s

Lo
ca

l i
nj

ec
tio

n 
in

 th
e 

br
ai

n
C

er
eb

ra
l i

sc
he

m
ic

 in
ju

ry
Ef

fe
ct

iv
e

N
on
e

W
an

g 
Y

20
12

H
um

an
 U

C-
M

SC
s

I.V
.

To
 e

va
lu

at
e 

th
e 

sa
fe

ty
 o

f h
M

SC
 

tr
an

sf
us

io
n 

w
ith

 re
pe

at
ed

 
ad

m
in

is
tr

at
io

n

Sa
fe

ty
N
o 
ad
ve
rs
e 
ef
fe
ct

Fe
ng

 M
20

14
H

um
an

 B
M

-M
SC

s
In

tr
ac

er
eb

ra
l t

ra
ns

pl
an

ta
tio

n
To

 e
va

lu
at

e 
th

e 
sa

fe
ty

 o
f h

M
SC

s 
tr

an
sp

la
nt

ed
 in

 th
e 

br
ai

n 
of

 h
ea

lth
y 

m
on

ke
ys

Sa
fe

ty
N
o 
ad
ve
rs
e 
ef
fe
ct

Fe
rn

an
de

z-
Pe

rn
as

 
P

20
17

H
um

an
 S

M
-M

SC
s

I.V
.

O
st

eo
ar

th
rit

is
Ef

fe
ct

iv
e

N
on
e

Le
e 
K
W

20
18

H
um

an
 B

M
-M

SC
s

In
je

ct
io

n 
to

 th
e 

su
pr

ar
en

al
 a

or
ta

Re
na

l i
sc

he
m

ia
–r

ep
er

fu
si

on
 in

ju
ry

Ef
fe

ct
iv

e
N
on
e

G
uo

 G
20

19
H

um
an

 U
C-

M
SC

s
I.P

.
A
cu
te
 li
ve
r f
ai
lu
re

Ef
fe

ct
iv

e
N
on
e

Li
u 

S
20

19
H

um
an

 U
C-

M
SC

s
I.V

.
M

ul
tip

le
 s

cl
er

os
is

Ef
fe

ct
iv

e
N
on
e

Ye
un
g 
C
K

20
22

H
um

an
 U

C-
M

SC
 s

ph
er

oi
ds

I.V
.

To
 e

va
lu

at
e 

th
e 

sa
fe

ty
 o

f h
M

SC
 s

ph
er

oi
ds

 
tr

an
sp

la
nt

ed
 in

to
 h

ea
lth

y 
m

on
ke

ys
Sa

fe
ty

N
o 
ad
ve
rs
e 
ef
fe
ct

A
bb
re
vi
at
io
ns
: B
M
-M
SC
s,
 b
on
e 
m
ar
ro
w
-d
er
iv
ed
 m
es
en
ch
ym
al
 s
te
m
 c
el
ls
; I
.P
., 
in
tr
ap
er
ito
ne
al
 in
je
ct
io
n;
 I.
V.
, i
nt
ra
ve
no
us
 in
je
ct
io
n;
 M
SC
s,
 m
es
en
ch
ym
al
 s
te
m
 c
el
ls
; S
M
-M
SC
s,
 s
yn
ov
ia
l m
em
br
an
e-
de
riv
ed
 

M
SC

s;
 U

C-
M

SC
s,

 u
m

bi
lic

al
 c

or
d-

de
riv

ed
 m

es
en

ch
ym

al
 s

te
m

 c
el

ls
.

 14470578, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/rm

b2.12540 by Shiga U
niversity O

f M
edical, W

iley O
nline L

ibrary on [09/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.editage.com


    |  9 of 10TSUJI et al.

ORCID
Shunichiro Tsuji   https://orcid.org/0000-0003-3945-6817 

R E FE R E N C E S
	 1.	 Taylor HS, Kotlyar AM, Flores VA. Endometriosis is a chronic sys-

temic disease: clinical challenges and novel innovations. Lancet. 
2021;397(10276):839–52.

	 2.	 Capezzuoli T, Rossi M, La Torre F, Vannuccini S, Petraglia F. 
Hormonal drugs for the treatment of endometriosis. Curr Opin 
Pharmacol. 2022;67:102311.

	 3.	 Zhao YX, Chen SR, Su PP, Huang FH, Shi YC, Shi QY, et al. Using 
mesenchymal stem cells to treat female infertility: an update on fe-
male reproductive diseases. Stem Cells Int. 2019;2019:9071720.

	 4.	 Saeed Y, Liu X. Mesenchymal stem cells to treat female infertility; 
future perspective and challenges: a review. Int J Reprod Biomed. 
2022;20(9):709–22.

	 5.	 Xu LN, Lin N, Xu BN, Li JB, Chen SQ. Effect of human umbilical cord 
mesenchymal stem cells on endometriotic cell proliferation and 
apoptosis. Genet Mol Res. 2015;14(4):16553–61.

	 6.	 Hajazimian S, Maleki M, Mehrabad SD, Isazadeh A. Human 
Wharton's jelly stem cells inhibit endometriosis through apoptosis 
induction. Reproduction. 2020;159(5):549–58.

	 7.	 Hirakawa T, Yotsumoto F, Shirasu N, Kiyoshima C, Urushiyama D, 
Yoshikawa K, et al. Trophic and immunomodulatory effects of adi-
pose tissue derived stem cells in a preclinical murine model of en-
dometriosis. Sci Rep. 2022;12(1):8031.

	 8.	 Meligy FY, Elgamal DA, Abdelzaher LA, Khashbah MY, El-Mokhtar 
MA, Sayed AA, et al. Adipose tissue-derived mesenchymal stem 
cells reduce endometriosis cellular proliferation through their anti-
inflammatory effects. Clin Exp Reprod Med. 2021;48(4):322–36.

	 9.	 Abomaray F, Gidlöf S, Götherström C. Mesenchymal stromal cells 
are more immunosuppressive in vitro if they are derived from en-
dometriotic lesions than from eutopic endometrium. Stem Cells Int. 
2017;2017:3215962.

	10.	 Abomaray F, Gidlöf S, Bezubik B, Engman M, Götherström C. 
Mesenchymal stromal cells support endometriotic stromal cells in 
vitro. Stem Cells Int. 2018;2018:7318513.

	11.	 Li J, Dai Y, Zhu H, Jiang Y, Zhang S. Endometriotic mesenchymal 
stem cells significantly promote fibrogenesis in ovarian endometri-
oma through the Wnt/beta-catenin pathway by paracrine produc-
tion of TGF-beta1 and Wnt1. Hum Reprod. 2016;31(6):1224–35.

	12.	 Feng M, Li Y, Han Q, Bao X, Yang M, Zhu H, et al. Preclinical safety 
evaluation of human mesenchymal stem cell transplantation in ce-
rebrum of nonhuman primates. Int J Toxicol. 2014;33(5):403–11.

	13.	 Hayashi K, Nakayama M, Iwatani C, Tsuchiya H, Nakamura S, 
Nonoguchi K, et al. The natural history of spontaneously occurred 
endometriosis in cynomolgus monkeys by monthly follow-up lapa-
roscopy for two years. Tohoku J Exp Med. 2020;251(4):241–53.

	14.	 Mori Y, Ohshimo J, Shimazu T, He H, Takahashi A, Yamamoto Y, 
et al. Improved explant method to isolate umbilical cord-derived 
mesenchymal stem cells and their immunosuppressive properties. 
Tissue Eng Part C Methods. 2015;21(4):367–72.

	15.	 Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F, 
Krause D, et al. Minimal criteria for defining multipotent mesen-
chymal stromal cells. The International Society for Cellular Therapy 
position statement. Cytotherapy. 2006;8(4):315–7.

	16.	 Mukai T, Di Martino E, Tsuji S, Blomgren K, Nagamura-Inoue T, 
Ådén U. Umbilical cord-derived mesenchymal stromal cells immu-
nomodulate and restore actin dynamics and phagocytosis of LPS-
activated microglia via PI3K/Akt/rho GTPase pathway. Cell Death 
Dis. 2021;7(1):46.

	17.	 Revised American fertility society classification of endometriosis: 
1985. Fertil Steril. 1985;43(3):351–2.

	18.	 Nishimoto-Kakiuchi A, Sato I, Nakano K, Ohmori H, Kayukawa 
Y, Tanimura H, et al. A long-acting anti-IL-8 antibody improves 

inflammation and fibrosis in endometriosis. Sci Transl Med. 
2023;15(684):eabq5858.

	19.	 Nishimoto-Kakiuchi A, Netsu S, Okabayashi S, Taniguchi K, 
Tanimura H, Kato A, et al. Spontaneous endometriosis in cyno-
molgus monkeys as a clinically relevant experimental model. Hum 
Reprod. 2018;33(7):1228–36.

	20.	 Muyldermans M, Cornillie FJ, Koninckx PR. CA125 and endometri-
osis. Hum Reprod Update. 1995;1(2):173–87.

	21.	 Machairiotis N, Vasilakaki S, Thomakos N. Inflammatory media-
tors and pain in endometriosis: a systematic review. Biomedicine. 
2021;9(1):54.

	22.	 Zhou WJ, Yang HL, Shao J, Mei J, Chang KK, Zhu R, et al. Anti-
inflammatory cytokines in endometriosis. Cell Mol Life Sci. 
2019;76(11):2111–32.

	23.	 Malvezzi H, Hernandes C, Piccinato CA, Podgaec S. Interleukin in 
endometriosis-associated infertility-pelvic pain: systematic review 
and meta-analysis. Reproduction. 2019;158(1):1–12.

	24.	 Wang XM, Ma ZY, Song N. Inflammatory cytokines IL-6, IL-10, IL-
13, TNF-α and peritoneal fluid flora were associated with infer-
tility in patients with endometriosis. Eur Rev Med Pharmacol Sci. 
2018;22(9):2513–8.

	25.	 Morotti M, Vincent K, Becker CM. Mechanisms of pain in endome-
triosis. Eur J Obstet Gynecol Reprod Biol. 2017;209:8–13.

	26.	 Punnonen J, Teisala K, Ranta H, Bennett B, Punnonen R. 
Increased levels of interleukin-6 and interleukin-10 in the perito-
neal fluid of patients with endometriosis. Am J Obstet Gynecol. 
1996;174(5):1522–6.

	27.	 Hsu CC, Yang BC, Wu MH, Huang KE. Enhanced interleukin-4 expres-
sion in patients with endometriosis. Fertil Steril. 1997;67(6):1059–64.

	28.	 Fan YY, Chen HY, Chen W, Liu YN, Fu Y, Wang LN. Expression of 
inflammatory cytokines in serum and peritoneal fluid from pa-
tients with different stages of endometriosis. Gynecol Endocrinol. 
2018;34(6):507–12.

	29.	 Hanada T, Tsuji S, Nakayama M, Wakinoue S, Kasahara K, Kimura 
F, et al. Suppressive regulatory T cells and latent transforming 
growth factor-β-expressing macrophages are altered in the perito-
neal fluid of patients with endometriosis. Reprod Biol Endocrinol. 
2018;16(1):9.

	30.	 Wang Y, Chen X, Cao W, Shi Y. Plasticity of mesenchymal stem cells 
in immunomodulation: pathological and therapeutic implications. 
Nat Immunol. 2014;15(11):1009–16.

	31.	 Nagamura-Inoue T, Mukai T. Umbilical cord is a rich source of mes-
enchymal stromal cells for cell therapy. Curr Stem Cell Res Ther. 
2016;11(8):634–42.

	32.	 Mukai T, Tojo A, Nagamura-Inoue T. Umbilical cord-derived mes-
enchymal stromal cells contribute to neuroprotection in neonatal 
cortical neurons damaged by oxygen-glucose deprivation. Front 
Neurol. 2018;9:466.

	33.	 Wu KH, Chan CK, Tsai C, Chang YH, Sieber M, Chiu TH, et al. 
Effective treatment of severe steroid-resistant acute graft-versus-
host disease with umbilical cord-derived mesenchymal stem cells. 
Transplantation. 2011;91(12):1412–6.

	34.	 Fu Y, Wang Q, Zhou J, Liu S, Fang B, Wei X, et al. Reduced intensity 
conditioning and co-transplantation of unrelated peripheral stem 
cells combined with umbilical cord mesenchymal stem/stroma cells 
for young patients with refractory severe aplastic anemia. Int J 
Hematol. 2013;98(6):658–63.

	35.	 Si Y, Yang K, Qin M, Zhang C, Du Z, Zhang X, et al. Efficacy and 
safety of human umbilical cord derived mesenchymal stem cell 
therapy in children with severe aplastic anemia following allogeneic 
hematopoietic stem cell transplantation: a retrospective case series 
of 37 patients. Pediatr Hematol Oncol. 2014;31(1):39–49.

	36.	 Ding DC, Shyu WC, Chiang MF, Lin SZ, Chang YC, Wang HJ, et al. 
Enhancement of neuroplasticity through upregulation of beta1-
integrin in human umbilical cord-derived stromal cell implanted 
stroke model. Neurobiol Dis. 2007;27(3):339–53.

 14470578, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/rm

b2.12540 by Shiga U
niversity O

f M
edical, W

iley O
nline L

ibrary on [09/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0003-3945-6817
https://orcid.org/0000-0003-3945-6817


10 of 10  |     TSUJI et al.

	37.	 Park HH, Lee S, Yu Y, Yoo SM, Baek SY, Jung N, et al. TGF-β se-
creted by human umbilical cord blood-derived mesenchymal stem 
cells ameliorates atopic dermatitis by inhibiting secretion of TNF-α 
and IgE. Stem Cells. 2020;38(7):904–16.

	38.	 Dabrowski FA, Burdzinska A, Kulesza A, Sladowska A, Zolocinska A, 
Gala K, et al. Comparison of the paracrine activity of mesenchymal 
stem cells derived from human umbilical cord, amniotic membrane 
and adipose tissue. J Obstet Gynaecol Res. 2017;43(11):1758–68.

	39.	 de Araújo FV, Carrillo-Gálvez AB, Martín F, Anderson P. TGF-β and 
mesenchymal stromal cells in regenerative medicine, autoimmunity 
and cancer. Cytokine Growth Factor Rev. 2018;43:25–37.

	40.	 Zhang Q, Duan J, Liu X, Guo SW. Platelets drive smooth muscle 
metaplasia and fibrogenesis in endometriosis through epithelial-
mesenchymal transition and fibroblast-to-myofibroblast transdif-
ferentiation. Mol Cell Endocrinol. 2016;428:1–16.

	41.	 Li J, Zhu H, Liu Y, Li Q, Lu S, Feng M, et al. Human mesenchymal 
stem cell transplantation protects against cerebral ischemic injury 
and upregulates interleukin-10 expression in Macacafascicularis. 
Brain Res. 2010;1334:65–72.

	42.	 Wang Y, Han ZB, Ma J, Zuo C, Geng J, Gong W, et al. A toxicity study 
of multiple-administration human umbilical cord mesenchymal stem 
cells in cynomolgus monkeys. Stem Cells Dev. 2012;21(9):1401–8.

	43.	 Fernandez-Pernas P, Rodríguez-Lesende I, de la Fuente A, Mateos 
J, Fuentes I, De Toro J, et al. CD105+-mesenchymal stem cells 
migrate into osteoarthritis joint: an animal model. PloS One. 
2017;12(11):e0188072.

	44.	 Lee KW, Kim TM, Kim KS, Lee S, Cho J, Park JB, et al. Renal 
ischemia-reperfusion injury in a diabetic monkey model and thera-
peutic testing of human bone marrow-derived mesenchymal stem 
cells. J Diabetes Res. 2018;2018:5182606.

	45.	 Guo G, Zhuang X, Xu Q, Wu Z, Zhu Y, Zhou Y, et al. Peripheral infu-
sion of human umbilical cord mesenchymal stem cells rescues acute 
liver failure lethality in monkeys. Stem Cell Res Ther. 2019;10(1):84.

	46.	 Liu S, Wang J, Han R, Meng M, Wang W, Zhao Y, et al. Therapeutic 
effect of transplanted umbilical cord mesenchymal stem cells in a 
cynomolgus monkey model of multiple sclerosis. Am J Transl Res. 
2019;11(4):2516–31.

	47.	 Yeung CK, Yan Y, Yan L, Duan Y, Li E, Huang B, et al. Preclinical 
safety evaluation and tracing of human mesenchymal stromal cell 
spheroids following intravenous injection into cynomolgus mon-
keys. Biomaterials. 2022;289:121759.

	48.	 Perry J, Roelofs AJ, Mennan C, McCarthy HS, Richmond A, 
Clark SM, et al. Human mesenchymal stromal cells enhance 
cartilage healing in a murine joint surface injury model. Cell. 
2021;10(8):1999.

	49.	 Chu KA, Yeh CC, Hsu CH, Hsu CW, Kuo FH, Tsai PJ, et al. Reversal 
of pulmonary fibrosis: human umbilical mesenchymal stem cells 
from Wharton's jelly versus human-adipose-derived mesenchymal 
stem cells. Int J Mol Sci. 2023;24(8):6948.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Tsuji S, Mukai T, Tsuchiya H, Iwatani 
C, Nakamura A, Nagamura-Inoue T, et al. Impact of 
administering umbilical cord-derived mesenchymal stem cells 
to cynomolgus monkeys with endometriosis. Reprod Med 
Biol. 2023;22:e12540. https://doi.org/10.1002/rmb2.12540

 14470578, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/rm

b2.12540 by Shiga U
niversity O

f M
edical, W

iley O
nline L

ibrary on [09/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/rmb2.12540

	Impact of administering umbilical cord-­derived mesenchymal stem cells to cynomolgus monkeys with endometriosis
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Ethical approval and animals
	2.2|Laparoscopy
	2.3|Establishment of UC-­MSCs
	2.4|Flow cytometry analysis
	2.5|Administration of UC-­MSCs
	2.6|Evaluation of endometriosis
	2.7|Statistical analysis

	3|RESULTS
	3.1|Establishment of UC-­MSCs
	3.2|Laparoscopic findings
	3.3|R-­ASRM score
	3.4|Body weight and CA125 levels

	4|DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	HUMAN RIGHTS STATEMENT AND IMPROVED CONSENT
	ANIMAL STUDIES
	REFERENCES


