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ABSTRACT 

  Autoimmune diseases are due to a dysregulation of the immune system’s balance, which attacks 
healthy cells in the body, leading to tissue damage. They can affect different organs/tissues, and the skin 
represents one of the most affected. Among the skin-related autoimmune diseases, Cutaneous Lupus 
Erythematosus (CLE) and Morphea are included. Both conditions present various cutaneous 
manifestations and may also show systemic involvement. It is noted that they can be challenging to treat, 
often recalcitrant to currently available therapies, thus causing significant distress to affected patients. 
The approach of personalised medicine, based on regenerative therapies, has been growing in recent 
years. The use of autologous adult stem cells has successfully treated autoimmune diseases. In this study, 
we aimed to evaluate the treatment based on patient-specific adipose-tissue stem cells (ASCs) in our two 
distinct cohorts of patients affected by CLE (n=20) and Morphea (n=12). Patients presenting only with 
skin lesions underwent local ASCs therapy by intradermal injection in the affected areas. At the same 
time, patients who also had extra-cutaneous involvement (complicated cases) received a combined 
therapy consisting of both intradermal and intravenous injections of ASCs. Overall, after 1 month of 
treatment, an improvement has been observed in 78% and 73% of subjects treated with intradermal 
injections and combined therapy, respectively. Notably, a better response to ASCs-based therapy has 
been reported in CLE patients, reaching an 86% in complicated cases. Our study promotes the 
application of autologous ASCs as an effective therapeutic strategy in skin-related autoimmune diseases. 

INTRODUCTION 

  Autoimmune diseases affect 5-9% of the world’s population. They are due to a dysregulation of the immune 
system’s balance, which attacks healthy cells in the body. It is known that the development of an autoimmune 
disease requires a combination of genetic susceptibility and environmental factors, which trigger autoimmune 
pathways, ultimately leading to tissue damage (1, 2). 
  More than 100 different types of autoimmune diseases have been reported (3), and one tissue commonly 
affected by autoimmune disorders is the skin. Many skin-related autoimmune diseases include Cutaneous 
Lupus Erythematosus (CLE) and Morphea or localised scleroderma.  
  These inflammatory conditions present various cutaneous manifestations and may also show systemic 
involvement (4, 5). CLE can be divided into three main subtypes: acute (ACLE), subacute (SCLE), and chronic 
(CCLE) (6). On the other hand, Morphea subtypes include linear, generalised, pan-sclerotic and mixed (7, 8). 
Current treatment recommendations for the most severe cases of CLE and Morphea are limited, mainly 
consisting of systemic corticosteroids, traditional immunosuppressants or antimalarials for CLE (9), and a 
combination of systemic corticosteroids and methotrexate for Morphea (10). However, these are not disease‐
specific treatments, and both diseases can be challenging to treat, often recalcitrant to currently available 
therapies, thus causing significant distress to affected patients (11, 12).  
  Very recently, regenerative therapies based on patient-specific stem cells have been successful in treating 
autoimmune diseases (13). Stem cells (SCs) are undifferentiated cells responsible for the regeneration and 
development of organs and tissues, capable of self-renewal and differentiation into multiple cell lineages (14). 
There are four primary sources of SCs: i) embryonic tissues; ii) fetal tissues; iii) adult tissues; iv) differentiated 
somatic cells after they have been genetically reprogrammed, i.e. induced pluripotent stem cells (iPSCs) (15).      
Although adult stem cells have a lower differentiation ability than the other three SC types, these cells can 
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overcome the ethical and legal issues accompanying the application of embryonic and fetal stem cells and the 
mutational effects associated with iPSCs (15). Thus, their application has been approved for many conditions, 
resulting in the most promising, with a solid body of data supporting their safety profiles (16). 
  Interestingly, adult stem cells are located in almost all organs and tissues (17). However, those derived from 
adipose tissue, i.e. adipose stem cells (ASCs), seem to be the most advantageous for clinical application, 
mainly because they can be easily harvested in higher quantities and minimally invasive ways (18, 19). In 
addition, they can be applied in autologous form.  
  Given all the abovementioned considerations, we aimed to evaluate the treatment based on patient-specific 
ASCs in our two distinct cohorts of patients affected by CLE and Morphea, respectively. 

MATERIALS AND METHODS 

Study population 
  We enrolled 20 patients diagnosed with CLE and 12 with Morphea who underwent skin biopsy in our medical 
clinic in Zagreb.  
  Both patients with CLE and Morphea had typical skin lesions. Therefore, patients presenting only with skin 
lesions were defined as “not-complicated” (n=20). At the same time, those who also had extra-cutaneous 
involvement were defined as “complicated” (total n=12).  All patients have written informed consent before 
starting the treatment.  

Preparation for the stem cell treatment 
  Prior to starting therapy, patients underwent t all or some of the following procedures according to their 
health conditions:  

- Detox infusions: anti-inflammatory properties and power to remove heavy metals, reduce the virus
load and repair the cell membranes, thus restoring balance in the body.

- Ozone therapy: anti-inflammatory effect and ability to inactivate viruses.
- Hemotherapy and/or laser blood irradiation: anti-inflammatory effect.
- Ultraviolet blood irradiation and/or photodynamic therapy: the ability to inactivate viruses.

Processing of autologous ASCs 
  Each adipose tissue was micronised, resized and filtered using the instrument Adinizer®, composed of 
different sizes of sharp blade-edge stainless steel mesh discs, which harvested fat into a fine, homogenised fat 
tissue without emulsification. 
  After this process, the ASCs were processed by the Automatic Cell Station (ACS) from the Bsl company, an 
integrated system of specially designed centrifuge and incubator, in which ASCs are processed with the 
collagenase in just 20 min. The average number of processed ASCs was 30 million, with 100 % preserved 
vitality. After the processing, ASCs were immediately ready for intravenous application or intradermal 
injection. 

Autologous ASCs treatment 
  All patients were offered to undergo stem cell treatment. In particular, not-complicated patients were offered 
to undergo ASCs local therapy by intradermal injection in the affected areas. On the other side, complicated 
patients were offered to undergo a combined ASCs-based therapy, consisting of both intradermal and 
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intravenous IV injections of stem cells. Patients were evaluated before and after 1 month of the stem cell 
treatment. 

RESULTS 

CLE patients 
  Patients with CLE (n=20) had a mean age of 32±6 years. Out of 20 patients, 16 were females, and 4 were 
males. All patients showed the typical CLE-related skin lesions, whilst 8 subjects also showed extra-cutaneous 
involvement (complicated patients), including arthralgias (n=4), mild kidney failure (n=2), pericarditis (n=1) 
and pleurisy (n=1). As reported in the Methods section, not-complicated patients were offered stem cell local 
injections in the affected skin areas. In contrast, complicated patients were offered to undergo a combination 
of intradermal/IV stem cell therapy. 

The outcome of stem cells therapy in CLE patients 
  All patients underwent stem cell local injections in the affected skin areas, while 7/8 complicated cases also 
underwent IV stem cell therapy. One patient with mild kidney failure refused IV treatment. Patients with 
pericarditis and pleurisy were also treated with acetylsalicylic acid. 
  After 1 month of stem cell therapy, 80% (n=16/20) of total patients showed an improvement in CLE-related 
skin lesions, while 4 patients showed skin disease stability (Fig. 1A). No patients reported exacerbation of skin 
lesions or the onset of new skin lesions in a previously healthy skin area. Concerning 7 complicated patients 
treated with the combined therapy, we observed that 3 patients reported an improvement, 1 case with no 
variation of the pain related to arthralgia, 1 patient with mild kidney failure showed a slight decrease in 
creatinine values and a slight increase in glomerular filtration rate value. In comparison, 2 patients with 
pericarditis and pleurisy had amelioration of their conditions (Fig. 1B); overall, 86% (n=6/7) of complicated 
cases showed improved disease-related conditions (Fig. 1B). 
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Fig. 1. Percentage of skin lesions and extra-cutaneous complications before and after stem cell therapy. 
Panels A and B refer to patients affected by Cutaneous Lupus Erythematosus (CLE), panels C and D to 
Morphea patients and panels E and F to the overall population (CLE + Morphea patients). 
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Morphea patients 
  Patients with morphea (n=12) had a mean age of 39±7 years. Out of 12 patients, 10 were females, and 2 were 
males. All patients showed morphea-related skin lesions (morphea plaques), while 4 subjects referred to joint 
contractures as extra-cutaneous involvement (complicated patients).  

The outcome of stem cells therapy in Morphea patients 
  All patients agreed to undergo stem cell local injections in the affected skin areas, and complicated patients 
accepted to undergo the combined therapy. After 1 month of stem cell therapy, 67% (n=8/12) of patients 
showed an improvement in morphea-related skin lesions (Fig. 1C). Concerning 4 complicated patients, 2 
reported an improvement and 2 no variation in symptoms related to joint contractures (Fig. 1D). Overall, 50% 
(n=2/4) of complicated cases showed an improvement in disease-related conditions. 

The outcome of stem cells therapy in the overall population 
  Considering both patients with CLE and morphea, who agreed to undergo local and, when appropriate, 
local/IV stem cell therapy, we observed the following results. Of the 32 patients treated with local injection of 
stem cells, 78% (n=25/32) showed an improvement in affected skin areas (Fig. 1E). By stratifying the study 
population in not-complicated and complicated cases, we observed that: i) 80% of total patients only affected 
by skin lesions  (n=16/20), who were treated with intradermal injection of stem cells, showed improvement of 
the skin lesions; ii) 73% of total patients, who also exhibited an extracutaneous involvement (n=9/11) and 
received the combined intradermal/IV injection of stem cells, reported an improvement of the disease (Fig. 
1F).  

DISCUSSION 

  Autoimmune diseases occur when the body’s immune system attacks its tissue due to an inappropriate 
immune response, considering the body cells as self-antigens. The loss of immune homeostasis and an 
inflammatory dysregulation underlying these autoimmune conditions lead to tissue damage by activating 
autoantibodies and autoreactive T lymphocytes. Autoimmune diseases can affect different organs/tissues, and 
the skin represents one of the most affected. Among the skin-related autoimmune diseases, CLE and Morphea 
are included. Both conditions are characterised by simultaneous activation of the innate and adaptive immune 
system (8), leading to an autoimmune response against the own epidermis, depending on the combination of 
individual genetic susceptibilities and different environmental triggers, such as UV rays, trauma and radiation 
(20, 21). In addition, extra-cutaneous manifestations may occur, resulting in a more severe phenotype (4, 5). 
  Early diagnosis and treatment are necessary to minimise damage in severe patients. However, it is worth 
noting that currently, there are no specifically approved treatments for these diseases.  
In this context, the application of stem-cell therapy could be useful. SCs have the stronger power of self-
healing, thus keeping the organism in balance. Consequently, SCs are the key to recovering from a specific 
disease. Very recently, adult SCs have shown promise as a type of cell-based therapy option for autoimmune 
diseases, thanks to their immunomodulatory properties (22). Furthermore, according to the literature (13), 
autologous SCs, i.e. derived from the same patient, hold a safe option for patients with a severe autoimmune 
disease without the risk of any immune rejection and allogenic sensitisation. In addition, it has been reported 
that SCs from adipose tissue seem to be the most promising stem cell types, as they are available in high 
quantities and can be accessed easily and non-invasively (18, 19).  
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  Here, we report the application of autologous ASCs in two cohorts, including 20 patients with CLE and 12 
Morphea cases. Considering the overall population treated with stem cell therapy (patients with CLE and 
morphea, complicated or not), we found that after 1 month of stem cell treatment, 78% of the subjects treated 
with local injections showed an improvement in the skin lesions. In contrast, 73% of the subjects treated with 
the combined therapy (intradermal/IV stem cell injection) reported improved symptoms related to extra-
cutaneous complications (Fig. 1E-F). The rest of the sample showed stability of the disease, and, notably, no 
patients reported worsening skin lesions. In particular, regarding patients with CLE, 80% showed an 
improvement in CLE-related skin lesions, while 4 patients showed skin disease stability (Fig. 1A). Concerning 
the complicated CLE patients, who accepted the combined therapy, 2/3 of them with pain related to arthralgia 
reported an improvement, and the remaining one had no variation; one patient with mild kidney failure showed 
a slight improvement in kidney function. 
  In contrast, the patients with pericarditis and pleurisy had amelioration of their conditions. Considering the 
latter patients, it is worth noting that we cannot exclude that the improvement of pericarditis and pleurisy could 
be related to the concomitant treatment with acetylsalicylic acid. On the other hand, considering patients with 
Morphea, 67% of subjects showed an improvement in morphea-related skin lesions, while in the remaining 
cases, the disease was stable with no worsening (Fig. 1C). Concerning the complicated Morphea cases, half 
reported an improvement and half no variation in symptoms related to joint contractures (Fig. 1D). 
  Overall, ASCs therapy improves skin lesions in 80% and 67% of cases with CLE and Morphea, respectively. 
The better improvement of skin lesions in patients with CLE than in those with morphea could be due to the 
higher grade of sclerosis in the skin lesions related to morphea. In the case of extra-cutaneous manifestations, 
we observed an overall improvement in 86% and 50% of cases with CLE and Morphea, respectively. This 
difference may be due to the low number of Morphea complicated cases (n=4).  
  In conclusion, autologous stem cell-based therapy represents the highest level of modern medicine. Our study 
promotes the application of autologous ASCs as an effective therapeutic strategy in autoimmune diseases. 
Further studies in larger cohorts will validate this regenerative medicine’s efficacy and safety profiles, 
extending it to other skin-related autoimmune diseases. 
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