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Introduction: Erectile dysfunction is a health problem that arises from various conditions and causes an impaired quality of life with
a significant health burden. Regenerative and stem cell therapies are some of the potential treatments for erectile dysfunction. This
study aimed to review the available information in the literature regarding the use of stem cells in the treatment of erectile dysfunction.
Methods: This study is a systematic review conducted based on the PubMed, Google Scholar, Cochrane, and DOAJ databases.
Literature searching was conducted in English and included articles from 2000 to 2020.

Results: The result was a total of 318 articles. Following the elimination process, 9 articles remained in the final analysis. The
analyzed studies included 164 patients with erectile dysfunction with various medical conditions. Several stem cell types have been
used for treating erectile dysfunction, including mesenchymal stem cell, placental matrix-derived stem cell, mesenchymal stem cell-
derived exosome, adipose-derived stem cell, bone marrow-derived mononuclear stem cell, and umbilical cord blood stem cell.
Generally, stem cell therapy showed a good efficacy and safety profile, although not enough studies on the protocol, dosage, and
mechanism of action.

Conclusion: Stem cell therapy has a good therapeutic potential in erectile dysfunction, the available data from the literature could be
the base of usage of stem cells in the treatment of erectile dysfunction although need more research for broader usage.
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Introduction
Erectile dysfunction is a global male health issue, which causes psychosocial impacts and significant health burdens.
Sexual function disturbances in men affect around 20-40% of couples who cannot produce children.'? Erectile
dysfunction is a condition characterized by the inability to maintain an erection to achieve satisfactory sexual
intercourse.® Generally, erectile dysfunction can be caused by organic, psychologic, and neurogenic factors. Erectile
dysfunction typically occurs in men aged above 40 years old and causes serious effects on the sexual life of the patient. In
addition, erectile dysfunction can also be caused by hormonal disturbances and side effects of certain medications.”
Generally, the available treatment of erectile dysfunction aims to increase the ability of penile erection temporarily,
although it does not provide permanent effects on the endothelial impairment or homeostasis of penile tissues.
Commonly used drug classes are phosphodiesterase-5 inhibitors (PDESi), intracorporal injection, vacuum device, and
prosthesis implantation. However, these treatment options are limited by the high cost, side effects, pain, and unsatis-
factory results.’

Material and Methods

This study was a systematic review aiming to identify and analyze the available clinical information in the literature
regarding the use of stem cell or regenerative medicine therapies in treating erectile dysfunction. A systematic search was
conducted in the PubMed, Google Scholar, Cochrane, and DOAJ databases. The search was conducted in English and

with a publication year limit of 2000-2020. The keywords used were the combination between stem cells, regenerative
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medicine, and erectile dysfunction. The search was only limited to the study title and abstract to narrow the findings
further. Keywords with negation related to irrelevant articles, including review, meta-analysis, and animal model, were
used to exclude articles with inappropriate methodology. Cross-referencing was performed from the available systematic
review articles, which were also included in the analysis.

The included articles were randomized controlled trials, prospective and retrospective cohorts, non-controlled
before-and-after (NCBA), and controlled before-and-after (CBA) designs. Studies of animal models, review articles,
systematic reviews, conference proceedings, correspondences, descriptive studies, and preclinical studies were
excluded. Articles obtained from the initial search were then analyzed manually, and extracted in a summary Table 1
consisting of author, publication year, study design, study setting, total subjects, treatment protocols, and key findings of
each study.

Results

Database searching resulted in a total of 318 articles from the four databases. After eliminating irrelevant articles, articles
with inappropriate methodology, and duplicate from the four databases, we obtained 8 articles appropriate for analysis.
A cross-reference from the available meta-analysis provided 1 extra article for analysis; therefore, a total of 9 articles
were included in the final analysis. The elimination scheme is shown in Figure 1, and the summary of analyzed articles is
shown in Table 1.

Included Studies

Of 9 included articles, 3 were randomized controlled trials, 3 prospective cohorts, 1 retrospective cohort, 1 controlled
before-and-after, and 1 non-controlled before-and-after. All studies were multi-center study except for the study by Ory
et al, which was a single-center study.

Study Population

Generally, all of the included studies were studies with small sample size. The study with the most subject was conducted
by Zasieda et al and Ory et al, with 38 and 36 subjects, respectively. The total subjects of all included studies were 164,
with various erectile dysfunction and medical conditions. The study by Bahk et al included 7 patients with type 2
diabetes mellitus who experienced erectile dysfunction after 6 months of PDE5i treatment.® The study by Levy et al
(2015) included 5 subjects with Peyronie disease who refused surgical treatment.” Another study by Levy et al included 8
subjects with erectile dysfunction who could not tolerate oral PDES5i treatment and refused surgical treatment.®

The Etiology of Erectile Dysfunction

Several erectile dysfunction etiologies were described in the analyzed studies. Bahk et al reported the use of stem cells in
patients with erectile dysfunction related to diabetes mellitus, similar to the study by Zasieda et al with erectile
dysfunction subjects related to metabolic syndrome.®? Haahr et al and Yiou et al investigated the effect of stem cell
therapy on erectile dysfunction in post-radical-prostatectomy patients.'®!" The study by Levy et al in 2015 included
subjects with erectile dysfunction related to Peyronie disease, while the same author in 2016 did not use particular
erectile dysfunction etiological inclusion criteria.”® Similarly, the study by Nasab and Protogerou et al also did not report

particular erectile dysfunction etiologies.'* "

Study Duration

Generally, the analyzed studies investigated the effect of stem cells on erectile dysfunction after 6—12 months. The study
by Bahk et al was conducted in the follow-up period of 9 months, with an evaluation every 3 months. Both of the studies
by Levy et al were conducted for 6 months, with a follow-up evaluation on the sixth week, 3rd month, and 6th month.
The studies by Haahr et al and Yiou et al were conducted for 6 months, with evaluation on the 1st, 3rd, and 6th months.
Nasab et al conducted their study for 6 months, with evaluation on the 3rd and 6th months. Protogerou et al conducted
their study for 12 months, with evaluation on the 1st, 3rd, 6th, and 12th months. The shortest study period was found in
Zasieda et al, who conducted the intervention for 6 weeks.
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Table | Summary of the Included Studies

Author Year | Design | Setting | N | Treatment Duration | Key Findings
Findings Results Indicators
Bahk et al® 2010 | NCBA | Single 7 | One injection of human umbilical Il months |® Improved ® 3 of 7 patients after | month IIEF
center cord SC intracavernous 1.5 x 107 morning
cells erection
Levy et al’ 2015 | Pros Single 5 One injection of PM-MSC 6 months |® Improved ® Significant after 6 weeks PSV, EDV,
Cohort | center intracavernous 2 mL in 6 months peak systolic stretched penile
velocity penis girth, angle of
curvature
Haahr et al' 2016 | RCT Single 17 | One injection of ADSC 6 months |® Improved ® 8 of |7 patients after 6 months IIEF-5
center intracavernous 8.4-37.2 million IIEF-5 score |® Patients with urinary incontinence tended are
cells in 6 months less likely to experience improvement of
erectile function.
Levy et al® 2016 | Pros Single 8 One injection of PM-MSC 6 months |® Improved ® Significant after 3—6 months treatment. PSV, EDV,
Cohort | center intracavernous |.5 mL in 6 months peak systolic |® EDV, penile girth and length, IIEF-5 scores did | stretched penile
velocity penis not change significantly. girth, IIEF-5
Yiou et al'! 2017 | RCT Single 18 | One injection of BM-MNC | year ® |IEF-5 scores |® Improvement after 6 months. IIEF-5
center intracavernous, 1079 cells in 6 and erectile |® Reduced after 6 months follow-up
months function
Protogerou et al'* | 2017 | CBA Single 15 | One injection of ADSC with PLP or | | year ® |IEF-5 scores |® Improved IIEF-5 scores in patients after the | IIEF-5
center ADSC without PLP or PLP ® Morning first month.
erection ® |mproved morning erection in all patients on
the third month.
Ory etal' 2019 | Ret Single 36 | Transendocardial h(MSC with | year ® |IEF-5 scores |® Improved IIEF-5 scores significantly with the | IIEF-5
Cohort | center a dosage of 20-200 million cells ® Erectile use of autologous or allogenic hMSC
function transendocordial.
® A dosage of 200 million cells showed signifi-
cant improvement of erectile function after 12
months.
(Continued)
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Table 1 (Continued).

twice per week.

Peak systolic
velocity
® End diastolic

velocity

Improved peak systolic velocity and reduced
end diastolic penile velocity significantly
posttherapy.

Author Year | Design | Setting | N | Treatment Duration | Key Findings
Findings Results Indicators
Nasab'? 2020 | RCT Single 20 | One stem cell injection 6 months |® [IEF-5 Score |® Improved IIEF-5 score significantly between | IIEF-5, PSV,
center intracavernous oral mucosal 50— ® Peak Systolic before therapy, 3 months, and 6 months post- | Resistance Index
60 million cells in 6 months. Volume therapy.
® Resistance ® Improved peak systolic volume and resistance
index index in the treatment group, although not
statistically significant.
Zasieda et al’ 2020 | Pros Single 38 | Six injections of MSC-DE 5 mL/ 12 weeks |® |IEF-5 scores |® Improved IIEF-5 and EHS scores significantly | IIEF-5, EHS, PSV,
Cohort | center week with LISWT 0.35 m)/mm2 EHS after treatment regimen. EDV

Abbreviations: NCBA, non-controlled before-and-after; CBA, controlled before-and-after; RCT, randomized controlled trial; SC, stem cell; MSC, mesenchymal stem cell; PM, placental matrix-derived; DE, derived exosome; ADSC,
adipose-derived stem cell; BM-MNC, bone marrow-derived mononuclear stem cell; hMSC, human mesenchymal stem cell; LISWT, low intensity shockwave therapy; EHS, erectile hardness scale; IIEF, International Index of Erectile

Function.
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Identification of studies via databases and registers
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Figure | Study selection using PRISMA flow diagram.
Note: Adapted from Page M), McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71. Open Access.

A retrospective study by Ory et al reported the effect of stem cells in three clinical trials with different durations.
The Comparison of Allogeneic vs Autologous Bone Marrow-Derived Mesenchymal Stem Cells Delivered by
Transendocardial Injection in Patients With Ischemic Cardiomyopathy (POSEIDON) was conducted for 12 months
with evaluation at 13 months; Transendocardial Mesenchymal Stem Cells and Mononuclear Bone Marrow Cells for
Ischemic Cardiomyopathy (TAC-HFT) trials were conducted for 12 months with evaluation on the 1st, 2nd, 3rd, 4th,
5th, 6th, and 12th months; In contrast, the Dose Comparison Study of Allogeneic Mesenchymal Stem Cells in Patients
With Ischemic Cardiomyopathy (TRIDENT) trial was conducted for 12 months with evaluation every 3 months.

Types, Preparations, and Dosage of Stem Cell in the Treatment of Erectile Dysfunction
The analyzed studies used various stem cell types and stem cells derivate products from various strains. All studies,
except for Ory et al, used the intracavernous injection method for treatment administration. Bahk et al used human
umbilical cord blood stem cells with a 1.5x10 cell dose in one injection.® In both the studies by Levy et al, the treatment
used included placental matrix-derived mesenchymal stem cells (PM-MSC) diluted with isotonic NaCl with a ratio of

Research and Reports in Urology 2022:14 hetps: 383

Dove:


https://www.dovepress.com
https://www.dovepress.com

Siregar et al Dove

1:2. The diluted PM-MSC solution was injected with a dose of 1.5-2 mL once, and follow-up was conducted on the sixth
week, 3 months, and 6 months pos‘[-injection.7’8

Two studies by Haahr et al and Protogerou et al used a one-time injection of adipose-derived stem cell (ADSC) with
different preparation and dosage. In the study by Haahr et al, ADSC isolates with a mean total cell of 1.4x10° cells was
injected directly into the corpus cavernosum,'® whereas the study by Protogerou et al used ADSC with a total cell of 9.5—
51.4x10° cells diluted with 2 mL of platelet lysate plasma PLP, and injected with a volume of 1.8 mL."* Yiou et al used
autologous bone marrow mononuclear stem cells (BM-MNC) with a dose of 109 cells.!' The study by Zasieda et al was the
only study that used more than one therapeutical dose. The study reported the use of mesenchymal stem cell-derived exosomes
(MSC-DE) with a dosage of 5 mL, injected intravenously once per week for six weeks. Zasieda et al also combined MSC-DE
injection with low-intensity shock wave therapy (LISWT) twice per week, 3000 strikes, and 3 Hz frequency.’

Ory et al analyzed the use of transendocardial human mesenchymal stem cell (hMSC) injection as a treatment in
cardiomyopathy patients who experienced erectile dysfunction. The hMSC was autologous and allogeneic with varied
doses of 20, 100, and 200 million cells.'? Finally, Nasab used an injection of stem cells isolated from the oral mucosal
with a dose of 50-60 million cells intracavernous.'?

Assessment and Efficacy Indicators of Stem Cell Therapy in Erectile Dysfunction

Most of the analyzed studies had used the International Index of Erectile Function (IIEF) score to assess the improve-
ment of patients’ erectile function after stem cell therapy. The IIEF score was significantly increased compared to
baseline in the studies by Nasab, Zasieda et al, Yiou et al, Haahr et al, and Ory et al’'* Both of the studies by Levy et al
reported a trend of increased IIEF score in post-treatment patients, although not statistically significant.”* Other than the
IIEF score, the peak systolic velocity in the Doppler examination was also the assessed parameter in several studies. Both
of the studies by Levy et al reported a significant post-therapy PSV increase.”® PSV was also shown to significantly
increase in the study by Zasieda et al.” Protogerou et al reported increased PSV after 1 month of treatment, although there
was no statistical analysis result. The study by Nasab did not show a significant PSV increase after stem cell therapy.
Another parameter used as an assessment indicator includes end diastolic-volume (EDV) reported by Levy (2016),
Protogerou et al, Yiou et al, and Nasab. These four studies did not report any statistically significant EDV (end diastolic-
volume) decrease at the end of their studies. Both of the studies by Levy et al also used penile length and girth as an
indicator, although both of these did not increase significantly after stem cell therapy.”>!'"-!>!*

Subjectively, patients reported improved morning erectile function and overall erectile function in the Haahr et al, Yiou
et al, and Protogerou et al studies.”'"'* In a study by Yiou et al, patients also reported improved sexual intercourse
satisfaction post-treatment.'' The study by Haahr et al reported that erectile dysfunction patients with urinary incontinence
post-radical prostatectomy incontinence were less likely to experience erectile function improvement.'® Finally, both the
studies by Levy et al showed that stem cell therapy resulted in a significantly erectile function improvement without end-
diastolic velocity, penile length, and girth changes.”®

Objectively, each stem cell’s efficacy in erectile dysfunction was difficult to assess due to different duration and
regimens in each analyzed study. A significant increase in IIEF-5 score was reported in the study by Haahr et al, Ory
et al, Zasieda et al, Protogerou et al, Yiou et al, and Nasab.”'* These studies used ADSC, BM-MNC, and MSC stem
cells and reported a significant positive effect on a patient’s erectile functional status. Of these studies, the study by
Protogerou et al that used ADSC reported the most significant increase in IIEF-5 score at the end of the study, with an
increase between 2 and 8§ points.

From Table 2, IIEF increasing was 15.3+ 8.1 vs 18.1 £ 7 from a total of 10 samples, and the IIEF-5 increasing score
was 14 to 20 from 54 samples. Mean PSV was 25.5 to 66.7 cm/s in 6 months. The stretched penile girth was statistically
not significant from a total of 13 samples.

Side Effects

There were no reports of significant side effects. Haahr et al reported erythematous and swelling on the injection area and
hematoma in the penile and scrotum around the injection area. The study also reported abdominal tenderness, although
these side effects were likely caused by liposuction procedure to isolate ADSC.'® The studies by Protogerou et al and
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Table 2 Indicator and Result

Indicator Total Journal Total Sample Score Increase

IIEF | 10 Erectile function 15.3 + 8.1 vs 18.1 +7

IIEF-5 7 54 14 — 20

PSV 4 5 Mean 25.5 — 66.7 cm/s in 6 months

EDV 3 5 Increasing 1-15.9

Streched penile girth 2 13 Statistically not significant

Angle of curvature | 5 Decrease by 14.29%

Resistance index | 20 Statistically not significant

EHS | 19 36.8% patient achieve 2nd grade, 5.3% achieved |st grade

Yiou et al, which in particular evaluated the safety of stem cell therapy, did not report any side effects of stem cell

11,14

therapy in erectile dysfunction, while other studies did not report a therapeutic safety profile.

The Advantages of the Study

The advantage of this systematic review was the selection of the analyzed articles, which only included clinical studies
with human subjects. This study reported nine clinical studies with RCT, prospective cohort, retrospective cohort, and
before—after study designs with similar subject selection, and there were no animal model studies or studies with
nonspecific disease included.

Discussion
Stem cells are cells that are able to proliferate and regenerate after tissue damage. Cells can be classified as stem cells if
they have some characteristics, including “undifferentiated”, self-replicate, and differentiating into more than one cell
type.'>!'® Stem cells form a self-maintaining cell population that produces several functional differentiated derivates.'” Stem
cells are widely explored as a potential cell-based regenerative treatment for a wide spectrum of diseases. The use of stem
cells as a treatment for various urological disorders is growing, including the use of stem cells to treat erectile dysfunction.'®
Interest in stem cell technology for erectile dysfunction recovery is increasing. The underlying mechanism of

stem cell benefits is still not entirely elucidated. Mesenchymal stem cells (MSCs) are multipotent stem cells capable
of self-renewal and can differentiate into several tissues, including muscles, cartilages, bones, and fats. The
mesenchyme, an embryonic connective tissue, arises from the mesoderm. MSCs can be isolated from the germ
layer or mature adult organs. Therefore, MSCs can be obtained from different tissues, resulting in the wide
availability of this therapy.'” MSCs-mediated regeneration involves many cellular mechanisms. The positive effect
of stem cell use is not due to cell differentiation and direct integration in the target tissue. In contrast, immunomo-
dulation is achieved through a paracrine effect whereby the secretion of cytokines and growth factors reduces
inflammation and promotes healing. The efficacy of stem cell therapy is potentially associated with the acuity of
treatment. Theoretically, if inflammation reduction occurs close to the inflammatory triggering condition, normal
wound healing may be facilitated.*®

From the database search, a total of 318 articles from the four databases were obtained. Of the 9 included articles, 3
were randomized controlled trials, 3 were prospective cohorts, 1 retrospective cohort, 1 controlled before-and-after, and 1
non-controlled before-and-after. Generally, all of the included studies were studies with a small sample size. Several
etiologies of erectile dysfunction were described in the analyzed studies. Bahk et al reported stem cell therapy in patients
with diabetes mellitus-related erectile dysfunction, similar to Zasieda et al with metabolic syndrome-related erectile
dysfunction patients. Generally, the analyzed studies investigated the effect of stem cells on erectile dysfunction after 6—
12 months.
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The analyzed studies used various stem cell types and their derivates from various strains. All studies, except for Ory
et al, used the intracavernous injection method for administration. Bahk et al used human umbilical cord blood stem cells
with a 1.5x107 cell dose in one injection. In patients who had not experienced complete improvement of erectile
dysfunction, the study added PDE5i administered before sexual intercourse.® In both of the studies by Levy et al, the
treatment used included placental matrix-derived mesenchymal stem cells (PM-MSC) diluted with isotonic NaCl with
a ratio of 1:2. The diluted PM-MSC solution was injected with a dose of 1.5-2 mL once, and follow-up was conducted
on the sixth week, 3 months, and 6 months post-injection.”® The study by Zasieda et al was the only included study that
used more than one therapeutical dose. The study reported the use of mesenchymal stem cell-derived exosomes (MSC-
DE) with a dosage of 5 mL, injected intravenously once per week for six weeks. Zasieda et al also combined MSC-DE
injection with low-intensity shock wave therapy (LISWT) twice per week, 3000 strikes, and 3 Hz frequency.9 Most of the
analyzed studies had used the Infernational Index of Erectile Function (IIEF) score to assess the improvement of
patients’ erectile function after stem cell therapy. The IIEF score was significantly increased compared to baseline in the
studies by Nasab, Zasieda et al, Yiou et al, Haahr et al, and Ory et al’'* Both of the studies by Levy et al reported a trend
of increased IIEF score in post-treatment patients, although not statistically significant.”® Other than IIEF score, the peak
systolic velocity in the Doppler examination was also the assessed parameter in several studies. Both of the studies by
Levy et al reported a significant post-therapy PSV increase.”®

The authors should answer more questions before starting stem cell therapy as a reliable treatment method. The first
question that arises may be determining which stem cell population has the greatest therapeutic potential. The efficacy of
stem cells depends on the balance between associated risk, side effects, and implant costs. To date, no study has directly
compared the efficacy of 2 or more stem cell lineage in the animal model on the treatment of ED. However, it is safe to
say that there is strong evidence to consider BM-MSC, ADSC, and MDSC as the most superior stem cells. Moreover, the
convenience of obtaining ADSCs and MDSCs from patients makes them superior to BM-MSCs.'®

Objectively, the efficacy of each stem cell preparation in erectile dysfunction was challenging to assess due to different
durations and regimens in each analyzed study and no significant side effects from all the analyzed studies. There are lots of
questions regarding stem cell therapy for erectile dysfunction. Uncertainty regarding immunogenicity and whether allogeneic
or autologous cells are superior suggests the need for future studies and discussions. Autologous stem cells would reduce
immunogenic problems; acquiring this cell type is more intensive than allogeneic cells. There are possibilities that several
cell types might result in adverse effects. The optimal cell amount may be different based on the type of stem cells. The
optimal cell concentration for injection remains to be determined. It is unknown whether the dosage should be based on
weight or relative standard concentration to the target tissue, as various studies reported mixed reports. The exact dosing
schedule has not been established, and it would be very efficient to determine whether a single injection could be adequate or
if several injections at several points in time would prove beneficial. Furthermore, it is important to determine the mechanism
of stem cell-mediated therapeutic effect in detail, as each source of stem cells has different repair mechanisms. Determining
whether stem cells can help treat other comorbid conditions such as Peyronie’s disease could help generate widespread use
due to improvement on blood sugar in diabetic patients which is of paramount importance.*°

The stem cell types used in various experimental studies of erectile dysfunction include the bone marrow, adipose
cells, skeletal muscle, embryonic, endothelial progenitor, and umbilical cord blood stem cells. Personal preferences or the
presence of certain conditions is the most important factor in normal scientific selection.

Before the discovery of the PDES inhibitor, which is administered orally, the intracavernous injection was one of the
most effective treatments for erectile dysfunction. However, patients who are unresponsive or unable to receive PDES
inhibitors may still be given an intracavernous injection. A study by Ching et al reported a trial of stem cell injection
intracavernous, which could treat erectile dysfunction due to cavernous nerve damage.”'

Stem cells are believed to be capable of differentiating into various cell types, including ECs, SMCs, Schwann, and
neuron cells. Moreover, stem cell therapy is believed to be an erectile dysfunction therapy based on a hypothesis that
stem cell therapy in the penis through intracavernous injection might replace the ECs and/or CSMCs damage. On the
other hand, there is a consideration that stem cell transplantation intracavernous might improve the regeneration of ECs
and CSMCs or reverse the interaction between ECs and CSMCs. In other words, the action of paracrine, which is the
opposite of cellular differentiation, is responsible for the effectiveness of stem cell therapy as the main mechanism.?'

386 neps: Research and Reports in Urology 2022:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Siregar et al

Conclusion

In conclusion, stem cell therapy is a technology undergoing rapid development in modern medical science and has
a significant therapeutic potential for various medical conditions. Stem cells or stem cells derivate products have been
used in several clinical studies in the treatment of erectile dysfunction with a fairly good efficacy and safety profile.
Advancement of the research on the field of stem cell therapy should be the optimization of ED treatment in the future.
However, there are limited data regarding the type, preparation, dosage, and concomitant therapy, implicating the lack of
certainty regarding the therapeutic regimen. Some of the studies included in this review also had low level of evidence.
Other studies with high quality, comprehensive protocol design, and larger sample size, are required to support the use of
stem cells in erectile dysfunction.

Abbreviation

ADSC, adipose-derived stem cell; BM-MNC, bone marrow mononuclear stem cell; CBA, controlled before-and-after;
EDV, end diastolic-volume; IIEF, International Index of Erectile Function; LISWT, low-intensity shock wave therapy;
MSC-DE, mesenchymal stem cell-derived exosomes; NCBA, non-controlled before-and-after; PDESi, phosphodiester-
ase-5 inhibitors; PM-MSC, placental matrix-derived mesenchymal stem cells.
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