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Original Research Article 

Sodium Butyrate as Adjuvant Therapy with Mycophenolate Mofetil for 

Amelioration of Skin fibrosis in Bleomycin-induced Scleroderma in Mice 

via Immunomodulatory, Antioxidant, Antiapoptotic and Antifibrotic 

Mechanisms 

 

Abstract 

Background: Scleroderma is an autoimmune, multi-organ disease; its clinical hallmark is 

cutaneous and systemic fibrosis. Up to date, there is no definite cure.  

The aim of this study was to investigate the potential effects of sodium butyrate (NaB), and 

mycophenolate mofetil (MMF) each alone or both in a mice model of scleroderma induced by 

bleomycin (BLM), and to clarify some of their possible mechanisms on oxidative stress, 

immunological pattern, apoptosis, inflammation and fibrosis.  

Methods: This study was carried out on 50 Balb/C mice, divided into 5 equal groups. Serum 

levels of anticentromere antibody (ACA), and skin tissue levels of the following parameters 

were assayed: transforming growth factor-β1 (TGF-β1), interleukin-4 (IL-4), malondialdehyde 

(MDA), and superoxide dismutase (SOD). Tissue sections were examined for histopathological 

changes, dermal thickness, and immunohistochemical expression of caspase- 3, and α-smooth 

muscle actin (α-SMA).  

Results &Conclusion: The combined group showed a significant decline in TGF-β1, IL-4, 

MDA levels, caspase-3, and α-SMA, as well as a significant increase in SOD. Moreover, 

marked reduction in dermal fibrosis and dermal thickness compared to monotherapy by either 

NaB or MMF. The combination of NaB and MMF is a promising candidate for the treatment of 

scleroderma. 

Keywords: scleroderma, Bleomycin, Sodium butyrate, Mycophenolate mofetil, oxidative 

stress, immunological pattern, apoptosis, fibrosis. 
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1.Introduction 

Scleroderma is an autoimmune, heterogeneous, multi-organ disease, its clinical 

hallmark is cutaneous and systemic fibrosis (1). It is classified into two major separate but 

related entities types: localized scleroderma (LSc), and systemic sclerosis (SSc), where both 

types have further subtypes (2). The limited cutaneous (LcSSc) and diffuse cutaneous 

(DcSSc) represent the two main subtypes of SSc  (3).                               

The pathogenesis is still mysterious. Immunological imbalance, genetic, environmental 

factors play a major role in the pathogenesis. All those initiate collagen synthesis, fibrosis, 

and progression of scleroderma (4).                                                             

Whatever the type of scleroderma, skin involvement with dermal fibrosis is a 

hallmark of systemic sclerosis (SSc) and the main target by different pathogenic pathways. 

This could be explained by presence of keratinocytes which  may be critical regulators 

of fibroblast function through secretion of chemo-attracting agents, as well as growth factors 

and cytokines influencing the phenotype and proliferation rate of fibroblasts (5).  

In some animal models, BLM is  administrated to induce cutaneous fibrosis (6). 

BLM-induced model of limited cutaneous scleroderma was developed in mice to reproduce 

dermal fibrosis with pro-fibrotic inflammation, vascular wall thickness, and production of 

autoantibodies that mimics its characteristics in human (7,8). BLM is a glycopeptide 

antibiotic that is widely used as an antitumor for various kinds of cancers (9), but 

unfortunately, it causes various cutaneous adverse effects including scleroderma in addition 

to its major dose-limiting toxicity of pulmonary fibrosis (10). 

Up to date, there is no definite cure for scleroderma. Treatment is adapted for each 

patient, targeting the symptoms or the involved organ with a range of drugs including 

immunomodulatory drugs (11), so many researches are carried out in an attempt to introduce 

new agents effective for scleroderma. NaB is one of the histone deacetylase inhibitors 

(HDAC) having potent antioxidant, immunomodulatory and anti-inflammatory properties 
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through inhibition of the production of pro-inflammatory enzymes and cytokines (12). 

Butyrate can influence the immune response by affecting immune cell migration, adhesion, 

and cellular functions such as proliferation and apoptosis (13). So, there is a growing interest 

in butyrate because of its effect on the epigenetic mechanisms will lead to more specific 

therapeutic strategies for the prevention and treatment of different diseases (14). 

Among the current immunomodulatory drugs is Mycophenolate mofetil (MMF), a 

prodrug of mycophenolic acid, that ac suppresses the proliferation of both B and T 

lymphocytes as well as inhibition of their recruitment and monocytes to inflammation sites. It 

also inhibits the glycosylation and expression of adhesion molecules. Although it is approved 

clinically for the treatment of chronic inflammatory and autoimmune diseases (15). 

2. Material and Methods: 

2.1. Drugs:  

BLM Lyophilized powder (15 U/vial), a product of  CELON LABS, Egypt; was 

dissolved in phosphate buffer saline (PBS) to a final concentration of 0.5 mg/ml. NaB and 

MMF were purchased from Acros Organics Company. NaB was dissolved in PBS to a final 

concentration of 20 mg/ml. MMF was dissolved in Dimethyl sulfoxide/phosphate buffer 

saline mixture (DMSO/PBS 1/10) to a final concentration of 4 mg/ml.  

2.2. Animals and groups: 

This study was conducted on 50 adult male Balb/c mice; aging about 6 weeks and 

weighing 20-25 g. Mice were housed under constrict hygienic measures and had access to a 

standard animal diet and water ad libitum. They were allowed for acclimatization for 2 weeks 

and divided randomly into 5 equal groups (10 mice for each) as follows: 

 Group 1 (control group): mice have received vehicles PBS (100µl) by subcutaneous 

injection (s.c.) every other day and 0.5 ml DMSO/PBS (1/10) by intraperitoneal (i.p.) 

injection once daily for 21 days. 
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 Group 2 (BLM-untreated scleroderma): mice have received BLM to induce 

scleroderma in a dose of 100 µl /mouse by s.c. injection every other day for 21 days (16) 

and received a vehicle 0.5 ml DMSO/PBS (1/10 ) by i.p injection once daily for 21 days.  

 Group 3 (NaB-treated scleroderma): mice with induced-scleroderma were treated 

concomitantly with Na butyrate at a dose of 500 mg/kg by i.p. injection once daily for 

21 days (17), and have received a vehicle 0.5 ml DMSO/PBS (1/10 ) by i.p. injection 

once daily for 21 days. 

 Group 4 (MMF-treated scleroderma): mice with induced-scleroderma were treated 

concomitantly with MMF at a dose of 100 mg/kg by i.p. injection once daily for 21 days 

(18). 

 Group 5 (NaB+MMF treated scleroderma): mice with induced scleroderma were 

treated concomitantly with both Na butyrate in a dose of 500 mg/kg and MMF in a dose 

of 100 mg/kg by i.p. injection once daily for 21 days. 

2.3. Induction of scleroderma: 

The skin on the dorsum of the back was shaved using shaving cream, and using a 

marker we draw one square measuring 1 cm² and the injection sites were rotated, starting with 

the four different corners of the square in an anticlockwise direction followed by the center of 

the square in a consecutive manner (16). 

2.4. Blood and tissue sampling and processing: 

Blood was collected from each animal by intracardiac puncture using a vacuum tube 

to obtain serum for detecting anti-centromere antibody (ACA). The 1 cm² skin area 

previously injected was shaved using shaving cream and excised from subcutaneous fat. The 

skin was rinsed 3 times with PBS solution (pH 7.4) to remove any red blood cells and clots, 

then divided into 4 parts, one part was fixed in formalin 10% to be processed for examination 
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of histopathological changes by light microscope and immunohistochemical expression of 

caspase-3 and alpha-smooth muscle actin (α-SMA). The other 3 parts of the skin were stored 

at -80оC for assay of the skin tissue levels of TGF-β1, IL-4, MDA, as well as SOD activity. 

2.5. Detection of serum Anti-Centromere Antibody: 

Serum Anti-Centromere Antibody (ACA/CENP) was detected by ELISA kits of Sun 

Red Biotechnology Company, Shanghai, (Catalogue No. 201-02-2095), following the 

manufacturer`s protocol.    

2.6. Determination of skin tissue levels of TGF-β1, IL-4: 

TGF-β1 and IL-4 were measured using ELISA kits for mice of Sun Red 

Biotechnology Company, Shanghai, (Catalogue No. 201-11-0779 and Catalogue No.201-02-

0052; respectively) according to the instructions of the manufacturer and expressed as pg/ml 

tissue supernatant. 

2.7. Biochemical assay for oxidative stress parameters in skin tissue: 

MDA levels and SOD activity were measured spectrophotometrically by kits of Bio 

diagnostic Company, Egypt according to the methods described by Ohkawa et al. (19) and 

Masayasu et al. (20); respectively. 

2.8. Histopathological examination: 

Part of the skin was immediately fixed in 10% formaldehyde. Paraffin sections (5 µm) 

were stained with hematoxylin and eosin (H&E) and Masson Trichrome for detection of 

collagen fibers, which were examined under the light microscope for histopathological 

changes. The dermal thickness (µm) was measured using Image J software (1.49v), national 

institute of health, Bethesda, Maryland, USA using the set scale method. 

2.9. Immunohistochemistry (IHC) detection of caspase-3: 

Immunohistochemical expression of caspase-3 in the skin tissue was done using 
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Recombinant Anti-caspase-3 antibody for mouse purchased from Abcam Company, United 

Kingdom. According to the percentage of caspase-positive cells, immunostaining results were 

semi-quantitatively scored as follows: 0, when absent; mild, 1+, when <10% of cells in the 

field were positive; moderate, 2+, when 10% to 50% of cells in the field were positive; 

strong, 3+, when >50% of cells in the field were stained (21). 

2.10. Immunohistochemistry (IHC) detection of α-SMA: 

Immunohistochemical expression of α-SMA in the skin tissue was done using Mouse 

Anti Human α-SMA monoclonal Antibody purchased from CELL SIGNALING 

TECHNOLOGY, Beverly, Massachusetts. Immunohistochemical staining for all α-SMA was 

scored by semiquantitative assessment of ten ×40 fields as follows: mild (+) 0–30% of 

myofibroblasts immunopositive, moderate (++) 31–70% of myofibroblasts immunopositive 

and strong (+++) >71% of myofibroblasts immunopositive (22). 

2.11. Statistical Analysis: 

The statistical analysis of the results was performed using Graph Pad Prism version 5 

for windows, 2007; Graph Pad Software, Inc. Shapiro-Wilk test for normality was 

performed. The parametric values were expressed as mean ± SEM (standard error of the 

mean), while the non-parametric values were expressed as median (minimum-maximum). 

Multiple comparisons for parametric values were performed using one-way ANOVA 

followed by Tukey's as a post hoc test. A non-parametric test for statistical analysis of the 

score followed by Mann-Whitney U test. Chi-square test for the nominal results of ACA. 

The significance was considered at values of P<0.05. 

3. Results & Discussion:  

3.1. Effect of different treatments on detection of serum ACA: 

Group 2 of BLM-untreated scleroderma exhibited a significant increase in ACA 

detection compared to the normal control group. MMF treatment resulted in a significant 
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decrease in ACA detection compared to the BLM-untreated scleroderma group. NaB/MMF 

combination treatment provides a significant decrease in ACA detection compared to 

treatment by each of these drugs alone.  

3.2. Effect of different treatments on skin tissue levels of TGF-β1 and IL-4:  

There was a significant increase in TGF-β1 and IL-4 levels in the BLM-untreated 

scleroderma group compared to the normal control group. This increase was significantly 

ameliorated by treatment with NaB and/or MMF. The reduction in TGF-β1 and IL-4 levels 

were significant in NaB/MMF combination treatment compared to treatment by each of these 

drugs alone. 

3.3. Effect of different treatments on skin tissue levels of MDA and SOD: 

Group 2 of BLM-untreated scleroderma exhibited a significant increase in MDA and 

a significant reduction in SOD compared to the normal control group. This result was 

significantly ameliorated by treatment with NaB and/or MMF. NaB/MMF combination 

treatment provides a significant decrease in MDA and a significant increase in SOD 

compared to treatment by each of these drugs alone.  

3.4. Histopathological results of light microscopic examination of H&E and Masson 

trichrome of skin sections: 

Group 2 of BLM-untreated scleroderma exhibited significant marked dermal fibrosis 

with surface ulceration and an increase in the dermal thickness. This result was ameliorated 

by treatment with NaB and/or MMF. NaB/MMF combination treatment provides a significant 

decrease in dermal fibrosis and dermal thickness compared to treatment by each of these 

drugs alone. (Fig.1, Fig.2). 

3.5. Effect of different treatments on IHC expression of caspase-3: 

Group 2 of BLM-untreated scleroderma resulted in a significant increase in caspase-3 

immuno-histochemical expression in skin tissue sections compared to the normal control 

group. This increase was ameliorated by the administration of NaB and/or MMF. These 

results were significant in NaB/MMF combination group compared to the use of each of 

these drugs alone. (Fig.3). 

3.6. Effect of different treatments on IHC expression of α-SMA: 

Group 2 of BLM-induced scleroderma showed a significant increase in α-smooth 

muscle actin (α-SMA), a marker of the myofibroblast in skin tissue sections. This increase 

was ameliorated by the administration of NaB and/or MMF. These results were significant in 

NaB/MMF combination group compared to the use of each of these drugs alone. (Fig.4). 

Current treatment is adapted for each patient, targeting the symptoms or the involved 
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organ with a range of drugs that provide symptomatic relief for patients (2). BLM-induced 

scleroderma is the most applied experimental animal model that represents the clinical and 

pathogenic features of LcSSc in humans: immunomodulating, oxidative stress, and vascular 

injury (23).  Also, it has the advantage of being easily performable and applicable to different 

mouse strains, and evaluation of novel anti-inflammatory and anti-fibrotic therapies for 

scleroderma in preclinical studies (24). 

In the current work, BLM caused a significant increase in the detection of ACA which 

is associated mostly with the limited (LcSSc) subtype that is in line with the previous study 

(25). ACA was assayed in this work because of its specificity to the LcSSc subtype. Patients 

with diffuse scleroderma (DcSSc) are more likely to have anti-topoisomerase I or anti-RNA 

polymerase III antibodies, whereas patients with LcSSc are more likely to have ACA (26). 

Activation of the immune system is an important point in the pathogenesis of 

scleroderma. The CD4+ T lymphocytes take the upper hand in mononuclear cell skin 

infiltrates causing the release of interleukins (IL-13, profibrotic IL-4, and IL-6) and TGF-β1 

that initiate fibrosis and vascular injury (27). TGF-β1 and other cytokines trigger fibroblast 

activation which is a key event in the pathogenesis of scleroderma in addition to 

differentiation of α-SMA-expressing myofibroblasts. Activated fibroblast triggers chronic 

extracellular matrix (ECM) secretion in a copious amount and subsequently fibrosis (28). 

This was demonstrated in the present study by the significant increase in TGF-β1 and IL-4 in 

scleroderma induced by BLM.   

BLM showed a significant increase in oxidative stress biomarkers such as MDA and a 

decrease in SOD. It was reported that the production of reactive oxygen species (ROS) by the 

skin and visceral fibroblasts as well as endothelial cells leads to stimulation of inflammatory 

reaction, activation of fibroblasts differentiation into myofibroblasts, stimulation of the 

growth of dermal and visceral fibroblasts, moreover it can induce cell apoptosis  (29). This 

situation also leads to the suppression of the expression of antioxidant enzymes such as SOD 

(30).  

Apoptosis is a matter of conflict in scleroderma, meanwhile, endothelial cell apoptosis 

which results from an endothelial injury, it was reported that apoptosis of endothelial cells 

induces resistance of fibroblast to apoptosis (31). Caspases play an important role in 

apoptosis which is critical for the pathogenesis of various diseases, where caspase-3 is a key 

executor of apoptosis (32). BLM showed a significant increase in caspase-3 immuno-

histochemical expression in the skin. This could be depending on the theory that supposed 

apoptosis itself acts as a selection factor in scleroderma development so during the initial 



 

9 
 

stages of SSc, apoptosis-susceptible subpopulations of fibroblasts are cleared and the resistant 

fibroblasts remain (33). 

Dermal thickness increased with BLM indicating cutaneous fibrosis. This is due to 

severe dermal deposition of dense collagen with mononuclear cell infiltrates, resembling the 

cutaneous changes of human scleroderma (34). Myofibroblasts are contractile cells that are 

interpreted in morphogenesis, inflammation, wound healing, fibrosis, and oncogenesis in 

various tissues. In fibrotic disorders, the sustained presence of myofibroblasts causes excess 

ECM secretion, and fibrosis (35), so BLM showed a significant increase in α-SMA, a marker 

of the myofibroblast in skin tissue sections. This is in concordance with that described by 

Manetti et al.(34), who reported that BLM showed marked dermal fibrosis with surface 

ulceration. 

The present study is the first that assessed the effect of NaB on ACA detection in 

BLM-induced scleroderma. However, there was a non-significant difference in ACA 

detection compared to the BLM group. This result could be attributed to the limitation of its 

incidence. ACA antibody has been detected in the serum of 46.6% of LcSSc patients, while, 

it is detected in 23.4% of patients with DcSSc (11). 

There is a lack of reports studying the effect of NaB against dermal fibroblasts, a 

recent study conducted by Park et al. (36) reported that suppressed TGF-β1 with their 

associated profibrotic and proinflammatory mediators against dermal fibroblasts during 

fibrosis and consequently can exhibit antifibrotic effects by inhibiting gene transcription 

involved in fibrogenesis. That effect on TGF- β1 is reflected consequently on dermal fibrosis 

and myofibroblast which is expressed by α-SMA which is in line with our results that 

reported that NaB leads to reduction of TGF-β1, α-SMA, and dermal thickness. 

Genetics and environmental factors cause endothelial cell injury, leading to up-

regulation of cellular adhesion molecules (vascular cell adhesion molecule (VCAM), 

intracellular cell adhesion molecule (ICAM) which in turn recruit inflammatory mononuclear 

cells of which most are T-helper (Th) cells. The Th cells (Th1, Th2, and Th17) produce IL-1, 

IL-2, IL-4, IL-6, IL-8, IL-12, IL-13, IL-17, tumor necrosis factor (TNF)-α, interferon (IFN)-α 

and IFn-γ. Production of these cytokines consequently leads to inflammation and activation 

of fibroblasts and myofibroblasts, resulting in fibrosis (37). Zapolska-Downar et al. (38) 

reported that NaB causes a decrease in VCAM-1 and ICAM-1 expression, this could explain 

the decrease of IL-4 with NaB. Furthermore, it decreased MDA and increased SOD, as 

butyrate is one of the HDAC inhibitors having potent antioxidant and anti-inflammatory 

properties through reduction of ROS mediated by NF-κB activation (39).  
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Even though NaB modulates apoptosis via alteration of the balance between pro-and 

anti-apoptotic proteins and thus interferes with the maintenance of a good balance between 

DNA damage and apoptosis, caspase-3 expression increased in our work, for further 

investigation (40). These findings were reflected histopathologically as a mild reduction of 

dermal fibrosis and dermal thickness when compared to the untreated scleroderma group 

which agrees with the recent study by Park et al. (36). 

MMF induces programmed cell death of activated human T lymphocytes and human 

T-lymphocyte cell lines, and inhibit of antibody production by activated B cells, maturation, 

and cytokine expression. Finally, it is effective in suppressing oxidative stress accompanied 

by immunologically driven inflammatory reactions (41). MMF revealed a significant 

decrease in ACA detection in the serum, a result that may be explained by its effect on 

inhibition of antibody production by activated B cells, inhibition of maturation, and cytokine 

expression (41). 

Most inflammatory cells infiltrating the skin in scleroderma are T lymphocytes. 

Activated T lymphocytes stimulate fibroblasts and the expression of adhesion molecules. T 

lymphocytes, through profibrotic cytokines production as TGF-β1, IL-6, IL-4, IL-2, and via 

cell-cell contact, induce the transformation of fibroblasts into myofibroblasts. The cytostatic 

effect of MMF is significantly more prominent on activated T- lymphocytes than other cell 

types. It also inhibits the expression of adhesion molecules, and the recruitment of 

lymphocytes and monocytes to inflammatory sites (18). 

The results of our study are in line with Ozgen et al. (18), who proved that MMF 

decreases levels of TGF-β1, IL-4, and α-SMA expression in mice with experimental BLM-

induced scleroderma. Activated macrophages in turn produce copious amounts of TGF, 

platelet-derived growth factor (PDGF), thus stimulating collagen production by fibroblasts 

(3). MMF decreases oxidative stress severity by reducing oxygen-free radical production. 

Moreover, it may decrease the production of ROS and H�O� production (42), which explain 

the effect of MMF in our study on decreasing MDA and increasing SOD activity.  

Regarding apoptosis, MMF caused a significant decrease in caspase-3 IHC 

expression. The effect of MMF on the prevention of apoptosis in scleroderma is poorly 

studied and requires further investigations in parallel with other sets of apoptotic and anti-

apoptotic markers. moreover, histopathological examination revealed a moderate reduction in 

dermal fibrosis with a significant decrease in dermal thickness as compared to the BLM 

group which is in line with the previous study by Ozgen et al. (18).  
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When NaB and MMF were compared to each other, they showed a non-significant 

difference in ACA, IL-4, and α-SMA. However, MMF showed superiority in the reduction of 

TGF-β1 levels and in its antioxidant, anti-apoptotic effects, histopathological findings, and 

dermal thickness. as compared to NaB. The superiority of MMF over NaB may be attributed 

to the kinetic fact that NaB is rapidly metabolized and eliminated within 5-13 minutes after 

IV administration, therefore there is a limitation in its clinical use (43). When NaB/MMF 

combination treatment is compared to monotherapy by either NaB or MMF, it provides an 

augmented amelioration of the disease activity and revealed superiority. 

Conclusion: NaB and MMF are promising candidates for the treatment of scleroderma by 

immunomodulatory, antioxidant, anti-apoptotic, and antifibrotic mediated mechanisms. Their 

combination is superior to monotherapy by each drug alone. Further research is 

recommended to compose and investigate new formulas of NaB with enhanced kinetic 

properties. Moreover, these results should be verified in humans in further clinical studies. 

 Abbreviations 

ACA: anticentromere antibody; α-SMA: alpha-smooth muscle actin; BLM: bleomycin; 

ELISA: enzyme-linked immunosorbent assay; H&E: hematoxylin & eosin; i.p: 

intraperitoneal; IL-4: interleukin-4; ICAM: intracellular cell adhesion molecule; LSC: 

localized scleroderma; MDA: malondialdehyde; MMF: mycophenolate mofetil; NaB: sodium 

butyrate; PBS: phosphate buffer saline; ROS: reactive oxygen species; SEM: standard error 

of mean; SOD: superoxide dismutase; SSc: systemic sclerosis; TGF-β1: transforming growth 

factor-β1; VCAM: vascular cell adhesion molecule;  

Ethical approval: 

The handling of animals and all experimental procedures were approved by the institutional 

“Research Ethics Committee, REC”, Faculty of Medicine, Tanta University, Egypt (Approval 
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Fig.2: Light microscope histopathological examination of Masson trichrome stained skin sections of different studied groups: 
(a): normal control (group 1) showing blue staining of dermal fibroblasts showing normal thickness of dermis (red arrow). [X100], (b): 
BLM-untreated scleroderma (group 2) showing marked blue staining of dermal fibrosis (red arrow) with surface ulceration (green arrow). 
[x200], (c): NaB-treated scleroderma (group 3) showing mild reduction of dermal fibrosis with blue staining (red arrow). [x100], (d): MMF-
treated scleroderma (group 4) showing moderate reduction of dermal fibrosis with blue staining (red arrow). [x100], (e): NaB+MMF-treated 
scleroderma (group 5) showing marked reduction of dermal fibrosis with blue staining (red arrow). [x200] 
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Fig.1: Light microscope histopathological examination of H&E-stained skin sections of different studied groups: 
(a): normal control (group 1) showing normal skin consisting of epidermis with underlying normal thickness of dermis (red arrow). [200], (b): 

BLM-untreated scleroderma (group 2) showing marked dermal fibrosis (red arrow) with surface ulceration (green arrow). [200],  
(c): NaB-treated scleroderma (group 3) showing mild reduction of dermal fibrosis (red arrow). [200], (d): MMF-treated scleroderma (group 4) 
showing moderate reduction of dermal fibrosis (red arrow). [x200], (e): NaB+MMF-treated scleroderma (group 5) showing marked reduction 
of dermal fibrosis (red arrow). [x200], (f): Imaging measurement of dermal thickness (µm) of skin sections. 
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Fig.3: Immunohistochemical (IHC) expression of caspase-3 in skin sections of different studied groups: 
(a): Showing negative Caspase-3 staining of dermal myofibroblasts in normal control (group 1). [ X200], (b): Showing apparent strong 
Caspase-3 staining of dermal myofibroblasts in BLM-untreated scleroderma (group 2). [ x200], (c): Showing strong Caspase-3 staining of 
dermal myofibroblasts in NaB-treated scleroderma (group 3). [ x200], (d): Showing apparent moderate Caspase-3 staining of dermal 
myofibroblasts in MMF-treated scleroderma (group 4). [ x200], (e): Showing mild Caspase-3 staining of dermal myofibroblasts in 
NaB+MMF-treated scleroderma (group 5). [ x200], (f): Scores of immunohistochemical (IHC) expression of caspase-3 in different studied 
groups 
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Fig.4: Immunohistochemical (IHC) expression of α-SMA in skin sections of different studied groups: 
(a); Showing apparent mild α-SMA staining of dermal myofibroblasts in normal control (group 1). [ X200], (b):  Showing strong α-SMA 
staining of dermal myofibroblasts in BLM-untreated scleroderma (group2). [x200], (c): Showing moderate α-SMA staining of dermal 
myofibroblasts in NaB-treated scleroderma (group 3). [ x200], (d): Showing moderate α-SMA staining of dermal myofibroblasts in MMF-
treated scleroderma (group 4). [ x200], (e): Showing mild α-SMA staining of dermal myofibroblasts in NaB+MMF-treated scleroderma 
(group 5). [ x200], (f): Scores of immunohistochemical (IHC) expression of α-SMA in different studied groups. 
 
 

 


