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Abstract

Mesenchymal stem cell (MSC) therapy holds promise for treating immune-mediated inflammatory
skin diseases (IMIDs), particularly when conventional therapies are ineffective. Encouraged by their
immunomodulatory capabilities and potential for disease modification, different clinical trials are
investigating the efficacy and safety of MSCs in single IMIDs. This review aims to summarize the
application of MSCs in IMIDs and explore their future clinical potential. We reviewed published
studies from January 2016 to January 2024 on MSC treatment for IMIDs. We retrieved 18 clinical
trials and 5 observational studies, encompassing 609 patients with psoriasis, atopic dermatitis (AD),
chronic spontaneous urticaria (CSU), alopecia areata (AA), systemic sclerosis (SSc), and systemic
lupus erythematosus (SLE). Improvements or complete remission were observed in up to 100% of
cases for AA, SSc, and SLE, though complete remission rates were less frequent than improvement
rates, ranging from 0% in AD to 50% in CSU. Adverse events (AEs) were generally mild; moderate-
severe AEs were uncommon (4% in psoriasis, 2.6% in SLE, and 0.7% in SSc), and deaths from all
causes were rare (6 patients with SSc and 15 patients with SLE).

In conclusion, MSC therapy shows promising results in terms of at least partial clinical improvement
for most IMIDs. Its effect is achievable after a single or a few administrations, with no significant
toxicity. MSCs may fulfill an unmet need for patients unresponsive to conventional
immunomodulating agents. However, most evidence still comes from clinical trials with
heterogeneous designs and endpoints. Future larger controlled trials are needed to better elucidate

their role in refractory IMIDs.

Introduction

Mesenchymal stem cell (MSC) therapy utilizes MSCs, which are multipotent stromal cells with self-
renewal and differentiation capabilities, for therapeutic purposes. MSCs are isolated from tissues,
expanded, and then administered to patients to exert tissue repair, immune modulation, and other
therapeutic effects. They are among the most studied stem cells due to their unique characteristics of
self-renewal and the potential to differentiate into multiple cell types.! Their use offers ethical
advantages compared to other stem cells due to their non-controversial sources, lower risk of tumor
formation, reduced immunogenicity, clear consent processes, and broad acceptance in the medical

and regulatory communities.?

Mechanisms of MSC therapy
MSCs possess anti-inflammatory and regenerative properties through transforming growth factor

(TGF)-B, interleukin (IL)-10, and indoleamine 2,3-dioxygenase.> They promote angiogenesis via



vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF), aiding wound
healing.* MSCs can differentiate into keratinocytes and fibroblasts, supporting skin regeneration and
remodeling.’ Their immunomodulatory effects in vitro include inhibiting T-cell proliferation and
natural killer cell activity, altering hematopoietic stem cell (HSC) and monocyte differentiation, and
reducing dendritic cell antigen presentation, as well as effects on B-cell proliferation and signaling.
In psoriasis, MSCs may induce a regulatory/immunosuppressive phenotype in T helper (Th)17 cells

by modulating interferon (IFN)-y and tumor necrosis factor (TNF) pathways.°

Source, administration routes, and effective dose of MSCs

Various MSC sources exist, including bone marrow, adipose tissue, and umbilical cord tissue, each
with unique benefits for accessibility and proliferative capacity.” For example, adipose-derived MSCs
(AD-MSCs) are favored for their easy acquisition, abundance in fat, and immunomodulatory role in
conditions such as psoriasis. Administration routes, such as local injection, topical application, and
systemic infusion, are chosen based on the target tissue for specific delivery benefits.® The optimal
MSC dosage is still being studied, with research testing cell concentrations from thousands to millions

per administration, often tailored to the condition’s severity and therapeutic goals.’

Potential risks of MSCs

Autologous MSCs avoid the safety concerns linked to immunoablation and allogeneic transplantation
in HSC transplantation (HSCT). However, one concern with MSCs is the possibility of ectopic tissue
formation, wherein MSCs differentiate into unintended cell types or cause aberrant tissue growth.
MSC-induced immunomodulation could worsen certain autoimmune conditions or aid immune
evasion in cancerous tissues.” Additional risks stem from contamination during cell isolation and
expansion, and adverse events (AEs) to culture media or cryoprotectants.!® Clinical-grade MSC
production demands strictly controlled environments to prevent contamination and genetic instability,
ensuring product safety and consistency. These cell factories must adhere to stringent Food and Drug
Admministration (FDA) and European Medicines Agency (EMA) guidelines, covering donor
selection and cell manipulation, to standardize and integrate these advanced therapeutics in clinical

practice.!!

Therapeutic potential of MSCs in immune-mediated inflammatory skin diseases
MSC therapy in dermatology began as a concept of cell replacement therapy for skin defects and
wound healing.® Immunomodulatory capabilities suggest potential for treating chronic immune-

mediated inflammatory diseases (IMIDs),>!21¢ especially in patients unresponsive to conventional



therapy. Positive effects have been seen in preclinical models of psoriasis, atopic dermatitis (AD),
chronic spontaneous urticaria (CSU), alopecia areata (AA), systemic sclerosis (SSc), and systemic
lupus erythematosus (SLE). Encouraged by these results, different clinical trials are investigating the
efficacy and safety of MSCs in these diseases.!” This review aims to summarize the current

therapeutic application of MSCs in IMIDs and explore their future clinical potential.

Methods

A literature search was performed using PubMed, Embase, MEDLINE, and the Cochrane Central
Register of Controlled Trials (CENTRAL), for studies on IMID treatments with MSCs published
from January 2016 to January 2024. Search terms included: psoriasis OR atopic OR prurigo®* OR
urticaria OR alopecia OR scleroderma* OR lupus AND mesenchymal cell*. PubMed searches were
limited to: 1) using MSCs; ii) using MSCs as advanced therapy for skin conditions; iii) in humans;
and iv) written in English. Reviews, guidelines, protocols, and commentaries were excluded.
Duplicates were also removed.

Two authors (EP and SDL) independently screened study titles and abstracts against the inclusion
and exclusion criteria and examined full texts of potentially relevant studies. Rejected studies were
recorded with reasons; case reports were also excluded. A third author (PM) resolved any selection
disagreements. A PRISMA flowchart details search results and reasons for study exclusions (Figure
1). Four authors (EP, PM, SDL, and AS) manually extracted data from included studies, focusing on
study design, patients number, MSCs source, administration route, cells dose and schedule, outcomes,
follow-up duration, and patient and disease characteristics, such as diagnosis, sex, age, disease

duration, skin involvement, previous treatments, MSCs response, and AEs (Tables 1 and 2).

Results

Eighteen clinical trials and five observational studies have evaluated MSC therapy for IMIDs (Figure
1), involving 609 patients: 282 with SLE, 216 with SSc, 39 with AD, 38 with AA, 24 with psoriasis,
and 10 with CSU. The preferred method was intravenous (IV) administration of allogeneic MSCs
(12/23 studies), but other routes included the injective (3/23 studies), implantation (1/23 studies),
subcutaneous (5/23 studies), and topical (2/23 studies) ones. MSCs were derived from human
umbilical cord blood (10/23 studies), bone marrow (8/23 studies), and adipose tissue (9/23 studies)
(Table 1).

Clinical benefits (improvement or complete remission) were observed with the following rates: up to

100% for SLE, SSc, and AA; 50% for AD; 54.2% for psoriasis; and 80% for CSU. Complete



remission varied from 0% in AD to 50% in CSU. The time to improvement ranged from 1 to 16
months, with remission lasting 1 to 22 months, depending on the study follow-up length.

AEs were common but mostly mild, with the highest occurrence in psoriasis (95.8%), primarily
including skin reactions, gastrointestinal symptoms, and respiratory infections. Mild AEs were also
reported in 57.9% of AA patients, 39.4% of AD patients, 29.9% of SSc patients, and 21.9% of SLE
patients. Moderate-to-severe AEs were rare, occurring in 4.2% of psoriasis patients, 2.6% of SLE
patients, and 0.7% of SSc patients. No AEs were reported in patients with AD, CSU, or AA. Deaths

from all causes were very rare, being 6 in SSc patients and 15 in SLE patients (Table 2).

Psoriasis

An open-label pilot study by Yao et al. investigated AD-MSCs for psoriasis treatment in 7 patients
aged 35-65 years.'® Monthly IV AD-MSC injections (0.5x 1076 cells/kg) for 12 weeks led to a gradual
decrease in Psoriasis Area and Severity Index (PASI), with two patients maintaining PASI-50 at six
months. "’

In another open-label trial, Cheng ef al. treated 17 psoriasis patients aged 18-65 years with umbilical
cord-derived MSCs (UC-MSC) infusions. At six months, 47.1% showed at least 40% improvement,
35.3% had at least 75% improvement, and 17.6% had over 90% improvement in PASI. Among those
with PASI-75 improvement, only one patient had sustained benefits.

Both studies found IV MSCs infusions safe and partially effective for psoriasis, suggesting promising

efficacy and tolerability.

Atopic dermatitis

Two clinical trials have shown the benefits of MSCs in treating AD.?*!

In a phase I/Ila trial, 34 adults with moderate-to-severe AD received subcutaneous injections of low-
dose (2.5x10"7) or high-dose (5%x10"7) UC-MSCs every two weeks for 12 weeks.?’ Symptom
improvement was dose-dependent, with 55% of the high-dose group achieving Eczema Area and
Severity Index (EASI) 50 with mild AEs, such as skin infections and gastrointestinal issues in 56%
of the group. The high-dose group also saw reductions of 33% in Investigator Global Assessment
(IGA), 50% in scoring atopic dermatitis (SCORAD), and 58% in pruritus, as well as reduced serum
IgE levels and blood eosinophil counts.

In another clinical trial, five adults with moderate-to-severe AD refractory to conventional therapy
received IV injections of allogeneic bone marrow-derived MSCs (BM-MSCs) (1.0x1076 cells/kg)
three times every two weeks.?! This led to significant improvements in EASI, SCORAD, body surface
area, and IGA by week 16, with 80% achieving EASI-50 after one or two cycles. No serious AEs



were observed over 38 weeks. Cytokines CCL-17, IL-13, and IL-22 decreased, while IL-17 increased
in patients with a good response over 84 weeks.

These studies highlight the clinical usefulness of MSC therapy in patients unresponsive to
conventional therapies. However, further studies with larger sample sizes and rigorous experimental

designs are needed to better define MSC therapy’s potential in AD.

Chronic spontaneous urticaria

A clinical study investigated the use of MSCs in patients with CSU resistant to conventional therapies,
including omalizumab.?? Ten patients with CSU for at least 12 months received autologous AD-
MSCs intravenously at baseline and after two weeks. Five patients showed a persistent complete
response up to 6 months, three had well-controlled CSU, and two experienced no improvement. MSC
therapy provided a longer and more effective recovery compared to conventional treatments.
Compared to control groups, MSC therapy did not affect CD4" T cell subsets and serum levels of
various cytokines and inflammatory markers, such as IFN-y, TNF-a, IL-2, IL-4, IL-5, IL-6, IL-10,
IL-13, IL-17a, IL-21, IL-22, TGF-B1, PGE2, IDO, and anti-FceRI, during follow-up, while control
patients showed significant decreases in Th2 cells, TGF-B1, PGE2, IDO, and anti-FceRI by day 14.
This study suggests that MSCs might offer a promising alternative for CSU patients resistant to

current therapies such as omalizumab, potentially modifying disease progression.

Alopecia areata

Preclinical and case studies have explored the use of MSCs in treating AA.2-%

In a 2018 controlled trial, Elmaadawi et al. treated 20 patients with AA who were unresponsive to
conventional therapies and had been untreated for six months.?® Patients received a single intradermal
injection of either autologous BM-MSCs or autologous follicular stem cells (FSC) cultured from
unaffected scalp areas. Clinical improvement was observed in 50% of patients in both groups without
AEs. However, 45% experienced AA recurrence after a year.

In 2021, Czarnecka et al. administered a single intradermal injection of allogeneic UC-MSCs (5% 10”6
cells/mL) from Wharton’s jelly to four AA patients resistant to conventional treatments.?* The group,
consisting of patients aged 36 to 57 years with AA durations of 2 to 9 years, showed an average hair
regrowth of 67% in treated areas. The most significant regrowth occurred within the first three months
(52.2%), slowing to 32% in the following three months. No AEs were reported.

A 2022 retrospective study by Lee et al. examined 14 patients with refractory AA patches who were
treated with commercially available AD-MSC conditioned media, combined with either a carbon

dioxide fractional laser or microneedling.?® Patients, averaging 35.5 years in age and 32 months in



AA duration, showed that 64.3% experienced over 50% hair regrowth, and 42.9% achieved complete
recovery. Responders took an average of 11.3 weeks to achieve significant regrowth. Among non-
responders, 28.6% showed less than 25% regrowth, with slight improvement in one patient after three
months.

Managing AA is challenging for lesions resistant to conventional treatments, such as corticosteroids,
contact immunotherapy, and systemic therapy. These studies show that MSCs, through their influence
on the JAK/STAT signaling and Wnt/B-catenin pathways, may offer potential clinical improvement

or complete remission in up to 100% of these patients.

Systemic sclerosis

Over the past eight years, nine clinical studies have reported the use of MSCs to treat SSc.

In 2017, Zhang et al. treated 14 patients with diffuse cutaneous SSc using repeated plasmapheresis
and cyclophosphamide, followed by a single infusion of UC-MSCs. Significant improvement in the
skin involvement, assessed as a variation of the Modified Rodnan Skin Score (MRSS) from 20.1+3.1
to 13.8+10.2, was observed at a 1-year follow-up, with notable improvements in lung function and
some patients experiencing better dysphagia and skin ulcer healing. No serious AEs occurred, though
some patients experienced upper respiratory tract infections and diarrhea.?

Blezien et al. conducted an open-label study in 2017 on seven patients with SSc, using autologous
AD-MSCs and platelet-rich plasma (PRP) for lip treatments. After 12 months, vertical and lateral
oral openings improved by 15.38% and 3.97%, respectively, with significant increases in lip
thickness.?’

In 2017, Virzi et al. treated six patients with cutaneous SSc using autologous AD-MSCs and PRP in
the perioral area. After three months, patients showed improvements in facial morpho-functional
parameters, labial rhyme opening and extension, and skin elasticity.?®

Liang et al. reviewed 39 SSc patients who received IV infusions of allogeneic BM-MSCs and UC-
MSCs in 2018. Seven patients experienced hyperacute AEs, including headache, fever, and stomach
pain, and six patients died.?’

An open-label trial by Almadori et al. in 2019 treated 62 SSc patients with oral-facial fibrosis using
autologous AD-MSC lipotransfers. Significant improvements in mouth function, psychological
status, and facial volume were observed after a median follow-up of eight months.3°

Shoji et al. reported in 2019 on the long-term effects of BM-MSCs in 39 SSc patients with critical
limb ischemia, showing significant pain reduction and a low amputation rate (12.8%) over 36.5

months.3!



Del Papa et al. conducted a randomized controlled trial in 2019 with 25 SSc patients with ischemic
digital ulcers. AD-MSC grafting reduced pain and increased nailfold capillary count after 4 and 8
weeks and healed all digital ulcers within 10 weeks.*

In 2020, Park et al. treated 18 SSc patients with stromal vascular fraction (SVF) injections, resulting
in improvements in microangiopathies, skin fibrosis, finger circumference, hand edema, quality of
life, and digital ulcer healing, with a decrease in MRSS from 7.5 to 3 and no serious AEs.*

In 2021, Wang et al. compared autologous fat grafting enriched with AD-MSCs or SVF to
conventional fat grafting in 18 SSc patients, finding higher fat retention in the enriched groups at 3
and 6 months compared to the conventional group.**

The results of these studies indicate that improvement or complete remission with MSCs are seen in
up to 100% of SSc patients. Although deaths from all causes are reported in six patients, MSCs are

generally well tolerated in these patients.

Systemic lupus erythematosus

Over the past eight years, six clinical studies have explored the use of MSCs in treating SLE.

In 2017, Wang et al. evaluated two IV infusions of UC-MSCs in nine refractory SLE patients aged
20-46 years. Two patients achieved complete remission, five patients had partial responses, and two
patients did not respond. No immediate AEs were noted, but long-term AEs included one death and
14 infections, attributed to disease activity and organ failure rather than MSC treatment. Blood
analysis, organ functions, and tumorigenic marker levels remained unchanged.’

Another 2017 study by Wang et al. involved 26 patients aged 16-54 years who underwent UC-MSC
transplantation, with 17 showing clinical responses. Higher baseline IFN-y and lower IL-6 levels
predicted positive response to MSCs.*¢

In 2018, Liang et al. reviewed 178 patients, with 32.5% achieving clinical remission and 27.5%
partial remission after a single IV infusion of one million MSCs.?® Hyperacute AEs, including
palpitation and headache, occurred during the infusion. Death occurred in 14 patients due to
underlying disease.

Barbado et al., in an open-label study in 2018, reported on three severe SLE patients, finding two
complete remissions and one partial response after allogeneic BM-MSC 1V infusions.?’

Wen et al.’s 2019 study of 69 refractory patients showed 23% complete remission and 58% low
disease activity after one or two UC/BM-MSC IV infusions.®

In 2022, Kamen et al. observed clinical improvements up to 24 months in four out of six active SLE

patients refractory to standard treatments after allogeneic UC-MSC IV infusions, with minimal AEs.*



The main findings of these studies show that an improvement or a complete remission with MSCs
are seen in up to 100% of SLE patients, with, in general, no serious AEs, except death from all causes

in fifteen patients.

Discussion

Published studies on patients affected by IMIDs who received treatment with MSCs show a clinical
benefit, consisting of at least partial clinical improvement in most patients. Particularly, improvement
or remission was seen in up to 100% of cases for AA, SSc, and SLE, and at least a clinical
improvement was observed in most cases of IMIDs, also including psoriasis, AD, and CSU. The time
to achieve this improvement or remission varied among disease groups and studies, reflecting
different management strategies. Overall duration of improvement or remission was influenced by
the maximum length of follow-up. The effect of MSC therapy was achievable after a single or a few
administrations, with no serious AEs.

Most evidence on the use of MSCs for IMIDs still comes from clinical trials showing some promising
results with no significant toxicity. Despite growing knowledge and experience with clinical
application of MSCs, the cell dose and frequency of administration vary between trials, and the
optimal dosing regimen remains undetermined. Preclinical studies are needed to further understand
MSCs’ systemic immune-modulating mechanisms and local immune microenvironment interactions
to support their application across various inflammatory disorders.

Balancing the risks and benefits of therapy against the underlying disease is crucial. Indeed, cell
therapy carries potential risks, high costs, regulation requirements, and other complexities that must
be justified by outcomes. Compared with HSCT, which has been reported to benefit severe IMIDs
such as psoriasis, sometimes with apparent cure, MSCs have fewer complications and seem to be
more tolerable for non-neoplastic disorders. Additionally, a single or a few MSC administrations may
achieve a disease-modifying effect, unlike established targeted drugs requiring chronic treatment.
AEs with MSC therapy were common, occurring in up to 95.8% of patients with psoriasis. These
events were predominantly mild, including skin reactions, gastrointestinal symptoms, and respiratory
infections. Moderate and severe AEs were rare, occurring in 4.2% of psoriasis cases, 2.6% of patients
with SLE, and 0.7% of patients with SSc, while deaths from all causes were reported in 6 out of 134
patients with SSc and 15 out of 187 patients with SLE with follow-up data.

In a few studies assessing MSCs for the treatment of SSc and SLE, other immunomodulators were
concurrently used with MSC therapy.?®?>-*13% This could have significantly influenced the outcomes,

as the use of immunomodulators may potentially affect both the efficacy and safety of MSC therapy.



Beyond the interest in advanced therapies, it should be noted that cell therapy is not the only option
for the management of severe IMIDs. Among the various therapeutic strategies, including small
molecules, biologics, and advanced cell therapy, only the latter offers a potential disease-modifying
“curative” effect. Cell therapy, particularly in the form of MSCs, may offer a promising and tolerable
option for IMIDs. MSC therapy may combine the benefits of current targeted therapeutics, which do
not cause broad immunosuppression, and traditional immune modulators, which inhibit multiple
inflammatory pathways and prevent the onset of paradoxical immune reactions seen with monoclonal
antibodies. Finally, MSCs may meet the therapeutic needs of patients who are unresponsive to
conventional immunomodulating agents and for whom effective alternatives are still lacking. In this
context, there is a pressing need for controlled trials of MSCs in the management of refractory
diseases, ideally coupled with mechanistic studies to define the mode of action.

We couldn’t provide a clearer distinction between studies using allogeneic versus autologous cells to
enhance the analysis of MSC therapy due to the heterogeneity of the studies, the different outcomes,
and dosages. Future studies will clarify the most appropriate dosing and administration schedule of
MSCs, as well as standardize outcome measures and study designs, allowing for more robust
comparisons and a better understanding of them. At the same time, other forms of cell therapy, such
as regulatory T cells (Tregs), fibroblasts, multilineage-differentiating stress-enduring (Muse) cells,
and induced pluripotent stem cells (iPSCs), should also be explored as alternative developmental
approaches. Any decision to use cell therapy in the management of IMIDs should result from a
multidisciplinary approach, involving transplant hematologists, experts in cell therapy, and clinicians
with experience in the management of severe IMIDs. Future research should extend to other chronic
inflammatory skin diseases, such as dermatomyositis, autoimmune bullous disorders (e.g.,
pemphigus), lichen planus, and cutaneous lupus erythematosus. Early evidence suggests that MSCs
can modulate dysregulated immune responses, reduce inflammation, and support tissue repair in these
conditions.!” However, beyond individual compassionate use of MSCs, future larger controlled trials

are essential to further elucidate the role of MSCs in managing refractory inflammatory skin diseases.
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Figure 1. Flow diagram summarizing the selection of relevant studies according to the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.
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Table 1. Clinical studies assessing mesenchymal stem cells for the treatment of immune-mediated inflammatory skin disorders.

Author, year Study Case Source of Associated Route | Dose of cells Administration | Outcome (% patients), time
design N MSCs standard N; frequency
therapies
PSO Yao etal., 2021 Open label trial | 7 AD-MSCs No v 0.5x10° /Kg 3;0,4,8 PASI-50 (28%), mo 6
Cheng et al., 2022 Ph I/I1a open 17 UC-MSCs No v 1.5/2/2.5/3%x10%/Kg I:4; q2w/ la:4; PASI-75 (35%), PASI-90 (18%), mo 6
label trial Q2w & 2; q4w
AD Kimetal., 2017 Phl /ITa open 34 Al UC-MSCs No SC 2.5x 107 or 5x107 1 EASI-50 (55%), EASI-75 (27%), mo 3
Shin et al., 2021 label trials 5 Al BM-MSCs v 1.0x 10°/Kg 3x2 cycles; q2wk (high dose)
Open label trial No EASI-50 after 15-2" cycle (80%), mo 1-
2
CSU Ozdemir et al., Open label CT 10 Au AD-MSCs Doubt omalizumab v 1x10°/Kg 2;d0, 14 UAS7L2 (50%), mo 3, 2<UAS7<6
2021 (30%), mo 6
AA Elmaadawi et al, RCT 20 Au BM-MSCs/FSC | No ID 1 X 10° /mL 1 Improvement (100%), mo 1-6
2018
Czarnecka et al., Open label trial | 4 Al UC-MSCs No SC 5%10%/mL 1 Hair growth by 67% (100%), mo 3
2021
Lee etal., 2022 Retrospective 14 AD-MSCs No Top NA Ptl:15, Pt2:20, Hair growth >50% (64%), remission
Pt3:20; NA (43%), mo 3-8
SSc Zhang et al., 2017 Ph I/II open 14 Al UC-MSCs CYC v 1x10° /Kg 1 Reduction MRSS (100%), mo 3
label trial
Blezien et al., 2017 | Open label trial | 7 Au AD-MSCs No 1 NA 1 Reduction microstomia/microcheilia
(100%), mo 6-12
Virzi et al., 2017 Open label CT 6 Au AD-MSCs No I NA 1 Improvement oral/malar skin elasticity
(100%), mo 3
Liang et al., 2018 Retrospective 39 Al UC/BM-MSCs CS, CYC, MTX, LEF, v 1x10° /Kg 1 NA
MMF, FK506, HCQ
Almadori et al., Open label trial | 62 Au AD-MSCs 50% MMF, MTX, 50% 1 NA Mean 3; NA Improvement MHISS (100%), mo 6

2019

No




Shoji et al., 2019 Retrospective 39 Au BM-MSCs CS, immunosuppressants | Impl 4.20x10%Kg 1 Improvement rest pain VAS (100%), mo
6
Del Papa et al. Controlled trial | 25 Au AD-MSCs No SC 0.5-1 ml/ finger 1 Healing IDU (97%), mo 2
2019
Park et al., 2020 Ph I open label 18 Au AD-MSCs No SC 3.61x10%/ finger 1 Reduction MRSS (100%), w 2
trial
Wang et al., 2021 RCT 6 Au AD-MSCs No SC 5x10° /mL 1 Improvement facial atrophy, mo 6
SLE Wang et al., 2016 Open label trial | 9 Al UC-MSCs No v 1x10° /Kg 2;d0,7 Remission (22%), improvement BILAG
(56%), NA
Wang et al., 2017 Ph I/IT open 17 Al UC-MSCs No v NA NA Improvement BILAG (65%), mo 12
label trial
Liang et al., 2018 Retrospective 178 Al UC/BM-MSCs CS, CYC, MTX, LEF, v 1x10° /Kg 1 Major (32.5%), partial (27.5%)
MMF, FK506, HCQ remission, mo 12
Barbado et al, 2018 | Open label trial | 3 Al BM-MSCs No v 1.5x10°/Kg 1 Remission (66%), improved SLEDAI
(33%), mo 1-9
Wen et al., 2019 Retrospective 69 Al UC/BM-MSCs No v 1x10° /kg lor2;d0,30 Remission (23%), improvement
SLEDALI (58%), mo 12
Kamen et al., 2022 | PhIopenlabel | 6 Al UC/BM-MSCs CS, CYC, HCQ, MMF, v 1x10° //Kg 1 Improvement SRI (83.3%), mo 6
trial AZA, CSA

AA, alopecia areata; AD, atopic dermatitis; AD-MSCs, adipose tissue-derived mesenchymal stem cells; Al, allogeneic; Au, autologous; AZA, azathioprine; BEBSS,
Birmingham Epidermolysis Bullosa Severity Score; BILAG, British Islas Lupus Assessment Group Score; BM-MSCs, bone marrow-derived mesenchymal stem cells;
BSA, body surface area; CM-MSCs, mesenchymal stem cell conditioned media; CS, corticosteroids; CSA, cyclosporin A; CSU, chronic spontaneous urticaria; CT, control
trial; CYC, cyclophosphamide; d, day; EsSG, European Scleroderma Study Group; FK506, tacrolimus; FSC, follicular stem cells; G-MSCs, human gingiva-derived
mesenchymal stem cells; HCQ, hydroxychloroquine; I, injective; ID, intradermal; Impl, implantation; IV, Intravenous; LEF, leflunomide; MHISS, mouth handicap in
systemic sclerosis scale; MMF, mycophenolate mofetil; mo, months; MRSS, Modified Rodnan Skin Score; MTX, methotrexate; NA, not available; Od, once daily; PASI,
Psoriasis Area Severity Index; PSO, psoriasis; PSSI, Psoriasis Scalp Severity Index; Pt, patient; QoL, Quality of Life; SRI, SLE Responder Index; q2wk, once every two
weeks; qw, once a week; RCT, randomized control trial; SC, subcutaneously; Top, topical; UAS7, Urticaria Activity Score over 7 Days; UC-MSCs, umbilical cord-derived

mesenchymal stem cells; ys, years.



Table 2. Clinical characteristics of the study population distinguished by the immune mediated inflammatory disease treated with mesenchymal

stem cells.
Psoriasis Atopic Chronis Alopecia Systemic Systemic lupus
dermatitis spontaneous areata sclerosis erythematosus
urticaria
Total (%) 24 (100) 39 (100) 10 (100) 38 (100) 216 (100) 282 (100)
Sex (%)

Female 10 (41.7) 11 (36.7) 7 (70) 18 (47.4) 158 (89.3) 92 (81.4)
Male 14 (58.3) 19 (63.3) 3 (30) 20 (52.6) 19 (10.7) 21 (18.6)
Age, years, mean (range) 59.9 (50-82) | 28.1(20-29) 39 31.4 (26-57) | 48.2 (18-69) 35.2 (17-54)

Disease duration, years, range (min; max) 4; 32 >0.5 8.2 0.8;6 0.5;15 1.3;22

Disease type
Localized, n (%) 0(0) 0(0) 0(0) 34 (89.5) 74 (53.6) 4 (6.8)
Generalized, n (%) 24 (100) 39 (100) 10 (100) 4 (10.5) 64 (46.4) 55(93.2)

Previous immunosuppressants (n%)

Pts evaluable for immunosuppressants 17 (70.8) 0(0) 10 (100) 18 (100) 0(0) 249 (88.3)
no prior immunosuppressants 7 (41.2) 0(0) 0(0) 32 (12.8)
1 prior immunosuppressants 4 (23.5) 10 (100) 0(0) 78 (31.3)
>2 prior immunosuppressants 6 (35.3) NA 18 (100) 139 (55.8)

Response

Pts evaluable for response, n (%) 24 (100) 36 (92.3) 10 (100) 38 (100) 177 (81.9) 263 (93.3)
Remission, n (%) 3(12.5) 0(0) 5(50) 9(23.7) 25 (14.1) 24 (9.1)
Time to remission, months, range (min; max) 1;6 3;3 1;6 2;2 1;12
Duration of remission, months, range (min; max) 8; 18 NA 12; 12 3;3 12; 12
Improvement, n (%) 10 (41.7) 18 (50) 3 (30) 29 (76.3) 152 (85.9) 239 (90.9)
Time to improvement, months, range (min; max) 1;6 1;3 6;6 1; 16 1;12 12; 12




Duration of Improvement, months, range (min; max) 6;12 1;22 NA 5;12 3;12 6;12

AEs

Pts evaluable for AEs, n (%) 24 (100) 38(97.4) 10 (100) 38 (100) 134 (62.0) 187 (66.3)
Mild, n (%) 22 (91.6) 15(39.4) 0(0) 22 (57.9) 40 (29.9) 41 (21.9)
General or local skin reaction, n (%) 14 (63.6) 7 (46.6) 0(0) 25 (62.5) 18 (43.9)
Skin infection, n (%) 0(0) 2(13.3) 22 (100) 1(2.5) 2 (4.9)
Gastrointestinal disorder, n (%) 1(4.5) 1(6.7) 0(0) 1(2.5) 20 (48.8)
Respiratory infection, n (%) 3(13.6) 2 (13.3) 0(0) 5(12.5) 1(2.4)
Other infection, n (%) 0(0) 2 (13.3) 0(0) 0(0) 0(0)
Other or Unspecified, n (%) 4(18.2) 5(33.3) 0(0) 8 (20.0) 0(0)
Moderate-severe, n (%) 1(4.2) 0(0) 0(0) 0(0) 1 (0.7) 5(2.6)
Deaths, n (%) 0(0) 0(0) 0(0) 0(0) 6 (4.5) 15 (8.0)

AE, adverse event; Pts, patients; min, minimum; max, maximum; NA, not available.




