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Abstract

Systemic sclerosis (SSc) is a rare autoimmune disorder with a high mortality rate. There are still many 
unknowns concerning the pathophysiology of this disease, due to its clinical heterogeneity. Since 
there is still no curative treatment, researchers focus on finding novel methods to help the patients. 
One of the valid options is cellular therapy, and mesenchymal stem cells (MSCs)-based therapy yields 
great expectations. These cells possess especially valuable attributes regarding key points of SSc. 
Nevertheless, the effectiveness and safety of this therapy must undergo a rigorous process of veri
fication. 
In preclinical trials, animal models proved to be a valuable source of scientific knowledge regarding 
SSc. Because of that, it has been possible to test autologous or allogeneic MSCs from various sources 
in many clinical trials. A lot of aspects still have to be determined to assess their potential in the 
management of SSc, probably in association with other therapies.
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Introduction
Systemic sclerosis (SSc) is a rare, chronic and auto

immune connective tissue disorder, mostly affecting 
middle-aged patients [1, 2]. The prevalence of this dis-
ease ranges from 100 to 300 per million, depending on 
the country [3]. 

The typical classification consists of two types of SSc 
– limited or diffused, based on the extent and distribu-
tion of skin fibrosis [4, 5]. Although the background of 
this disease has been studied for many years, the patho-
physiology of SSc is still not completely understood. 

As of now, the characteristics of this disease are 
based on the three main pathologies, including vascular 
damage, fibrosis and immune abnormalities. Systemic 
sclerosis affects mostly skin and lung tissues; however, 
the heart and digestive tract can also be involved [1]. 

All of this leads to psychological and functional dis-
abilities, which furthermore lower the quality of life 
and reduce life expectancy [4, 6, 7]. Patients with SSc 
die mostly due to disorders related to the disease itself, 
where almost half of them develop a higher probability 
of cardiovascular incidents in comparison with the gene

ral population [8]. So far, no curative treatment is avail-
able. Instead, a common solution proposed to patients 
is symptomatic immunotherapy, focused on alleviating 
pain and improving functional abilities [9]. 

However, there are numerous novel strategies in-
tended to treat SSc. Among them, there is mesenchy-
mal stem cells (MSCs)-based therapy, whose safety and 
effectiveness are currently being evaluated. Therefore, 
this paper aims to review recent research on MSCs-
based cell therapies in SSc.

Mesenchymal stem cells and stromal 
vascular fraction

Mesenchymal stem cells are adult, multipotent pro-
genitor cells, which have been identified and described 
in several tissues, such as adipose-derived MSCs (ASCs), 
bone marrow-derived MSCs (BM-MSCs) and placenta 
(PL-MSCs) [10]. The most important characteristic of 
MSCs is their pleiotropic activity, which is thoroughly 
investigated for application in many pathological con-
ditions [11, 12]. It is the specifically proangiogenic, anti- 
inflammatory and immunomodulatory properties of 
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MSCs which make them great candidates for targeted 
cell-based therapy [13]. 

Up until now, patients have been enlisted in hun-
dreds of clinical trials (Fig. 1), where the safety of MSCs 
injections was verified. Meta-analyses show fewer 
complications after MSCs implantation in comparison 
to standard care procedures [14]. However, it is worth 
noting that these analyses also reveal a significant in-
crease in occurrence of post-injection fever [15]. This can 
be a  potential problem for the future usage of MSCs.  
Regardless, the beneficial effects of MSCs-based thera-
py were demonstrated in patients with systemic sclero-
derma as well.

Adipose tissue is considered a type of connective tis-
sue that exhibits morphological, functional, and regula-
tory heterogeneity. It is not only a satisfactory source of 
adipose-derived MSCs, but it also contains various other 
cells, including mature cells (fibroblasts, smooth muscle 
and blood cells) and progenitor cells (preadipocytes, vas-
cular and hematopoietic progenitors) [16]. 

All of them can be collectively labeled as the stromal 
vascular fraction (SVF) [17]. It has been discovered that 
the SVF possesses anti-inflammatory and regenerative 
properties in damaged tissues, mostly due to its abil-
ity to induce the secretion of growth factors [18]. This 
attribute attracts significant attention for potential use 
in various fields, such as orthopedics, internal medicine 
and wound healing. 

The efficacy of MSCs is related to the secretion of dif-
ferent bioactive molecules, enabling them to communi-
cate with the environment in multiple ways [19]. Among 
these molecules are cytokines, chemokines, growth 
factors and extracellular vesicles (EVs). Extracellular 
vesicles are differently shaped, membrane-surrounded 
structures, which contain mRNA, miRNA, proteins and 
mitochondrial fragments. These are involved in the reg-
ulation of many routes of signaling pathways and repre-
sent a relevant component of the regenerative function 
of MSCs as they participate in immune modulation and 
tissue repair [20]. 

Extracellular vesicles are released from different cells 
and can serve as biomarkers and contribute to eliminat-
ing unwanted components from the environment. All 
of these mentioned factors are responsible for regu-
lating endogenous cell activity. Their identification led 
to a better understanding of the interactions between 
MSCs and the other bioactive molecules connected with 
fibrosis, vasculopathy and autoimmunity (Fig. 2).

In regards to MSCs-based therapies, the aspect of 
their tumorigenicity should also be taken into consider-
ation. This risk is widely discussed in the literature, and 
the best way to summarize all the statements is to say 
that MSCs represent a dualistic nature in regards to tu-

morigenesis. While some studies have shown their anti- 
tumorigenic effects, others compare stem cells to tumor 
cells, because of their ability to proliferate for a  long 
time, high viability, and resistance to apoptosis [21]. 

Many factors can affect the tumorigenesis potential 
at different stages of transplantation, including donor’s 
age, growth regulators expressed by recipient tissue, 
and mechanisms controlling the behavior of the MSCs 
at the target site [22, 23]. Also, the potential risks of 
long-term post-transplantation immunosuppressive 
therapy associated with the MSCs are a central part of 
this assessment [24]. 

However, some factors secreted by MSCs may have 
antitumor properties. For instance, Clarke et al. [25] re-
ported that breast cancer cells cultured in MSCs-condi-
tioned medium exhibit significant migratory inhibition 
compared with cells cultured in a standard medium. 

Furthermore, the inhibition of tumor cell growth was 
also shown in a  study by Bruno et al. [26], where dif-
ferent cancerous cell lines co-cultured in the presence 
of BM-MSCs exhibited reduced in vitro growth. To sum 
up, there is no obvious answer regarding the potential of 
MSCs in tumorigenesis.

Fig. 1. The chart represents the percentage share 
of the groups of individual pathological condi-
tions from all of the currently registered mesen-
chymal stem cell-based therapies (199 studies). 
Only ongoing and completed studies from early 
phase 1 to phase 4 were included. Data obtained 
from ClinicalTrials.gov.
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Role of mesenchymal stem cells  
in preclinical models of systemic  
sclerosis and encountered problems

To evaluate the potential role in SSc treatment, MSCs 
were used in numerous preclinical models. Generally, 
conducted studies can be divided into spontaneous- 
genetic, inducible, transgenic and knockout models [27]. 

In the first group, two spontaneous mutations ap-
peared in mice (Tight skin 1 mouse model and Tight  
skin 2 mouse model) and one in the chicken (UCD-200 
chicken model) [28–30]. All of them were particularly 
useful in studying fibrosis and vasculopathy; however, 
they were limited by the fact that SSc is not hereditary. It 
is worth noting that out of all three known spontaneous 
genetic animal models, the UCD-200 model represented 
SSc most closely in terms of its pathological features. 
Therefore it is the most promising for future application. 

In 2012 Inaoki et al. [31] studied a bleomycin mouse 
model focused on inducing fibrosis. It represented great 
scientific value, because it allowed study of the initial 
stages of fibrosis. However, the induction process was 
limited by the small number of chemicals to work with 
and difficulties with sclerodermatous graft versus host 
disease. Although it could replicate some of the earliest 

signaling patterns of SSc, it did not present the pro-
found autoantibody patterns typical for this disorder. 
Other models worth mentioning are the hypochlorous 
model of SSc and the angiotensin II-inducible model of 
fibrosis [32, 33]. 

Transgenic models of fibrosis played an essential 
role in understanding how the specific genes contribute 
to the process of fibrosis [34–36]. Moreover, these mod-
els were also used in other forms of fibrosis [37]. Finally, 
the knockout models were used to visualize the effects 
of the presence or deletion of specific genes involved in 
the fibrosis process. 

In the case of the SSc, other models of similar patholo
gies, such as idiopathic pulmonary fibrosis, were used 
[38]. These models were useful in studying the initiating 
events, genes and various factors required for fibrosis, 
because usually these features could not be considered 
in the patients. 

Animal models provided insights into the vasculo
pathy, the role of proteins regulating fibrosis, and the 
innate immune system’s role in initiating fibrotic events. 
All these models have also proved useful in increasing 
our understanding of SSc’s pathogenesis and led to the 
development of various drugs; however, many of them 
did not translate well into therapeutic usage. Although 

Fig. 2. Different mechanisms of activity of mesenchymal stem cells in systemic sclerosis. Stem cells from 
adult tissues and birth-associated tissues display various functions, which participate in the treatment of 
systemic sclerosis via the release of mediators (squares under arrows). These mediators are associated 
with anti-fibrotic, proangiogenic, and anti-inflammatory functions and correspond with the improvement 
in specific clinical manifestations (colored boxes).
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all of them provided significant insight into a better un-
derstanding of rheumatological diseases, none of them 
could perfectly replicate all aspects and factors of an auto
immune disease. 

Clinical data on mesenchymal stem cells-
based treatment in systemic sclerosis

The variety of MSCs leads to the development of 
different therapies, and diverse case reports have been 
reported so far. Stem cell transplantation studies were 
shown to be effective in international multicenter clini-
cal trials and demonstrated a sustained improvement in 
clinical effects [39, 40]. In 2008 the BM-MSCs usage in the 
treatment of progressive diffuse SSc was reported [41]. 

There, a  41-year-old female patient, after experi-
encing Raynaud’s syndrome, was diagnosed with SSc.  
The patient underwent intravenous administration of 
MSCs per kilogram of body weight. During and after the 
treatment, the patient was observed, and within the first 
year no subjective complaints or objective organ dys-
functions were seen. The only exception was a common 
cold, which was quickly resolved without need for hos-
pitalization. The patient experienced an improvement in 
her condition, as less stiffness in tendons and muscles 
was reported. Six months after transplantation, vascular 
ultrasound revealed an increase in the blood circulation 
of hands and fingers. There was a notable reduction in 
peripheral vascular resistance, as well [41]. 

Overall, this case represents encouraging and sup-
portive data for MSCs to be used against severe SSc and 
other autoimmune diseases in general. Other similar 
therapies, supporting the effectiveness of the previous 
treatment, were later reported in 2011 [42]. The gathered 
data illustrated how MSCs transplantations can reduce 
vasculopathy and skin fibrosis and become a  possible 
treatment for patients with refractory autoimmune dis-
ease. However, they also pointed out the necessity for 
phase II trials of MSCs transplantations. 

Another study from 2013 was designed to assess 
the availability and efficacy of cell-based therapy with 
adipose-derived stem cells [43]. The research focuses 
on adipose tissue, as in the authors’ opinion, ASCs rep-
resent a  practical and appealing source of autologous 
stem cells, similar to BM-MSCs in many aspects [44]. 

However, the clinical use of ASCs seemed to be more 
advantageous since they can be obtained by a less inva-
sive and uncomfortable method. The results of the treat-
ment showed a significant improvement in six patients’ 
health. All of them were followed postoperatively for 
one year. Medical assessments were performed weekly 
during the first month of observation and later monthly. 
The results presented a positive outcome where all of 

the patients showed the arrest of local disease progres-
sion and an overall improvement in wellness of the skin. 

In light of that study, the clinical use of ASCs seems 
to be more advantageous to that of BM-MSCs. Not only 
can these cells be obtained in a less invasive and painful 
procedure, but also the frequency of stem cells in adi-
pose tissue is higher than in the bone marrow. In addi-
tion, ASCs can longer retain their stem cell phenotypes 
and mesenchymal multipotency, which was observed to 
increase and was higher than in BM-MSCs’ number of 
passages [45]. 

These findings can become a  great asset in creat-
ing new therapeutic strategies in the treatment of SSc 
and other skin diseases. Fat tissue grafting has become 
a new approach in treating skin atrophy or fibrosis. 

One of the first reports on this subject was published 
in 2014, where the implantation of fat was performed 
in patients presenting Raynaud’s phenomenon [46]. 
A total of 13 patients were treated, and findings showed 
improvements in their health, such as reduced pain and 
improved skin and soft-tissue texture. However, it is 
worth noting that three patients revealed no changes. 
There were no significant complications, which suggests 
that fat grafting may benefit patients with skin diseases. 

One year later, another study reported a  substan-
tial improvement in patients with SSc, who underwent 
injection of adipose tissue-derived fractions into their 
fingers [47]. Fifteen patients were included in this study, 
where eight of them had the limited, and the rest had 
the diffuse variant of the disease. Notable ulcer healing 
was observed in all of the patients who underwent the 
treatment, as well as pain relief in treated fingers. There-
fore, the study suggests that autologous adipose tissue- 
derived cell (ATDC) fractions might be a successful heal-
ing solution in SSc. That positive outcome certainly re-
quires confirmation in more extensive studies.

In 2015 Granel et al. [48] demonstrated how injections 
of autologous stromal vascular fraction (SVF) from adi-
pose tissue into the fingers of patients with SSc improve 
their quality of life. In all twelve patients who enrolled in 
this therapy, a significant improvement in pain reduction 
and grasping capacity was observed after six months, and 
improvement in skin sclerosis in the one-year follow-up. 

Although that study was performed on a  limited 
number of patients, it presented an innovative treat-
ment. Later in 2017, a  long-term follow-up beyond 
the end of the trial of that therapy was reported [49].  
The findings illustrated a  sustained improvement in 
patients’ health. Tolerability, safety and efficacy were 
very promising. Future studies might help in a better un-
derstanding of the mechanisms supporting the clinical  
effects of stromal vascular fraction.
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Finally, in November 2018 a  clinical trial focused 
on using MSCs as a treatment for digital ulcers in SSc  
(MANUS) started [50]. The Mesenchymal stromal cells 
for Angiogenesis and Neovascularization in digital Ul-
cers of Systemic sclerosis (MANUS) Trial is a randomi
zed double-blind, placebo-controlled clinical trial, which 
aims to investigate the feasibility, safety and potential 
clinical effects of intramuscular injection of allogeneic 
BM-MSCs in a group of 20 participants. The study com-
pletion date is estimated to be in November 2020. The 
results may provide the basis for studies in other groups 
of patients with vascular and/or autoimmune diseases. 

Stem cells are undoubtedly a great hope for the treat-
ment of SSc due to their unique features, such as their 
availability, immunomodulatory properties, and the lack 
of ethical issues resulting from their use. Most of the 
studies conducted show that single transplantation of 
MSCs is safe and does not induce an immune response. 
However, repeated administration of MSCs may result 
in the production of allo-antibodies [51]. More research 
is needed regarding the potential risks, and long-term 
studies will be necessary to investigate the negative ef-
fects of these therapies. 

Based on gathered data, the clinical use of MSCs 
seems to be a promising tool in regenerative medicine 
in the future (Table I).

Conclusions
Mesenchymal stem cell-based therapy represents 

a potential hope for patients with SSc, as many studies 
have now established the beneficial effects of admin-
istration of MSCs from different tissue sources. Mesen-
chymal stem cells require extreme care and a high level 
of competence. 

Each step, from cell isolation to clinical trial evalua-
tion, requires a deep understanding of their biology. Both 
autologous and allogeneic MSCs from BM or adipose tis-
sue are being assessed and are subject to debate as to 
whether the benefits outweigh the potential losses. 

Despite that, the properties of MSCs pique a  lot of 
interest and enthusiasm from clinicians and researchers. 
Concerning the use of MSCs for clinical applications, fur-
ther investigation of their functional properties is need-
ed. 

Future studies should focus on novel functional tests 
and potency assays to create clinically useful, validated, 
standardized, and safe therapy. The selection of the high-
est quality cells should also be taken into consideration 
to enhance the therapeutic potential of MSCs. Many 
questions remain unanswered; however, it is becoming 
clear that MSCs-based therapy may become a safe and 
efficient therapeutic option for patients with SSc.

The authors declare no conflict of interest.
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