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ABSTRACT 

 

Systemic sclerosis (SSc) is an autoimmune systemic disease that is characterized by immune 
dysregulation, inflammation, vasculopathy, and fibrosis. Tissue fibrosis plays an important role in 
SSc and can affect several organs such as the dermis, lungs, and heart. Dysregulation of interferon 
(IFN) signaling contributes to the SSc pathogenesis and interferon regulatory factor 1 (IRF1) has 
been indicated as the main regulator of type I IFN.  

This study aimed to clarify the effect of IFN-gamma (-γ) and dexamethasone (DEX) on the 
IRF1, extracellular signal-regulated kinase 1/2 (ERK1/2), and the expression of alpha-smooth 

muscle actin (α-SMA) in myofibroblasts and genes involved in the inflammation and fibrosis 
processes in early diffuse cutaneous systemic sclerosis (dcSSc). A total of 10 early dcSSc patients 
(diffuse cutaneous form) and 10 unaffected control dermis biopsies were obtained to determine 
IFNγ and DEX effects on inflammation and fibrosis. Fibroblasts were treated with IFNγ and 
DEX at optimum time and dose. The expression level of genes and proteins involved in the fibrosis 
and inflammation processes have been quantified by quantitative real-time PCR (RT-qPCR) and 
western blot, respectively.  

IFNγ could up-regulate some of the inflammation-related genes (Interleukin-6; IL6) and down-
regulate some of the fibrosis-related genes (COL1A1) in cultured fibroblasts of patients with early 
dcSSc compared to the untreated group. Besides, it has been revealed that IFNγ can induce 
fibroblast differentiation to the myofibroblast that expresses α-SMA.  

Concerning the inhibitory effect of IFNγ on some fibrotic genes and its positive effect on the 
inflammatory genes and myofibroblast differentiation, it seems that IFNγ may play a dual role in SSc.  
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INTRODUCTION 

 

Systemic sclerosis (SSc) is an autoimmune and 

multisystem connective tissue disorder described by 

multiple organ fibrosis, micro-vasculopathy, and 

immune system abnormalities.1,2 The etiology of SSc is 

unknown. There are a few targeted therapy options that 

can manage the overall disorder activity and the fibrotic 

complications satisfactorily. Therefore, disease-

associated morbidity and mortality stay elevated.3 

Interferons (IFNs; α, β, and γ) have an essential role 

in the control of the innate and adaptive immune 

systems. They regulate immune cell activation, 

proliferation, and differentiation as well as interleukin 

production.4 Previous investigations have provided 

substantial documentation that dysregulation in type I 

and II IFNs and IFN-inducible genes (called the “IFN 

signature”) involves the pathogenesis of SSc.5 Some 

investigations demonstrated a substantial enhancement 

in the IFNγ expression in the patient’s dermis with SSc. 
6 Interferon regulatory factors (IRFs) were initially 

recognized as transcription factors attaching to 

sequences in the IFN-α and IFN-β promoters. The IRF 

family includes IRF1 (Interferon-stimulated gene factor-

2; ISGF-2), IRF2 (ISGF-1), IRF3, IRF4 and IRF5, IRF7, 

interferon-stimulated gene factor-3γ (ISGF-3γ), 

interferon consensus sequence binding protein for 

activated T cells (ICSAT), and interferon consensus 

sequence-binding protein (ICSBP) which develop a 

complex with transcription factors such as signal 

transducer and activator of transcription 1 (STAT1) and 

STAT2 upon IFNα stimulation.7 IRF1 is expressed in 

different cells and organs and rolled  

in inflammatory injuries, fibrotic diseases, regulation  

of cell growth, and immune and autoimmune 

responses.8-10 IRF1 identifies the IFN-stimulated 

response element (ISRE) in the promoter’s area of 

inflammatory and fibrotic genes such as IFNA, IL6, and 

transforming growth factor beta 1 (TGFB1).10  

The global gene expression profiling of early SSc 

dermis indicated that IRF1 was the one of top ten 

phosphorylated transcription elements in the type I IFN 

signaling cascade.9,11 Also, it has been reported that the 

gene expression level of IRF1 is increased in the 

mononuclear and fibroblast cells of SSc patients.12 

Besides, 2′-5′-oligoadenylate synthesizes like (OASL) is 

a member of the IFN signature, and mostly acts as an 

essential antiviral and autoimmune factor induced by 

IRF1. OASL-IRF1 are essential mediators in the fibrosis 

of SSc patients by controlling DNA methylation.12 

Additionally, induction of IRF1 could contribute to 

fibrosis by down-regulation of the Klotho protein and 

CCAAT/enhancer-binding protein beta (C/EBP-β) 

factor. So, IRF1 contributes to the pathogenesis of 

fibrotic disease and IRF1 inhibition could be a potential 

therapeutic target.10 

Multiple studies have indicated that IL-6 levels are 

promoted in the culture medium of skin fibroblasts and 

plasma from SSc patients.13,14 Khan et al. verified the IL-

6 up-regulation in diffuse cutaneous systemic sclerosis 

(dcSSc) and supported the IL-6 possibility as a surrogate 

feature for clinical outcomes in this disorder.14 However, 

the role of IL-6 is unclear in the adjustment of skin 

fibrosis. 

In the current research, we explored the effect of 

IFNγ and dexamethasone (DEX) on the inflammation- 

and fibrosis-related genes of study and the IRF1, 

extracellular signal-regulated kinase 1/2 (ERK1/2) 

signaling cascade and myofibroblast differentiation with 

the expression of alpha-smooth muscle actin (α-SMA) 

in early dcSSc dermis fibroblasts which assist to clarify 

the SSc pathogenesis mechanisms. 

 

MATERIALS AND METHODS 

 

Patients with SSc and Controls 

The SSc patients and unaffected controls were 

enrolled from volunteers in the rheumatology clinic at 

the Shariati hospital. The patient enrollment and data 

management were accomplished in the rheumatology 

research center (RRC), Tehran University of Medical 

Sciences (TUMS). The disease diagnosis was confirmed 

by the rheumatologist according to the standards of the 

American College of Rheumatology (ACR).15 So, all 

SSc patients fulfilled the 2013 classification standards 

for systemic sclerosis. All patients were adults more than 

18 years, old who had no prior (last 6 months) or 

currently taken (tablets or intravenous) 

cyclophosphamide (Endoxan) and mycophenolate 

mofetil (CellCept). According to released standards,16 

all of the SSc patients were categorized as having early 

dcSSc and the disease duration was less than five years. 

Individuals with a history of any autoimmune diseases 

and cancer were also excluded from the unaffected 

control group. All participants were informed regarding 

the potential outcomes and provided written informed 
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consent. This study was approved by the medical ethics 

committee of the Tehran University of Medical 

Sciences.  

 

Isolation and Primary Culture of Fibroblast Cells  

Fibroblasts were isolated from dermis tissue with the 

non-enzymatic method. Biopsy specimens were minced 

into small fragments and these fragments were implanted 

into 6-well plates with pre-treated gelatin 0.1% and then 

were added 800 μL of Dulbecco’s Modified Eagle’s 

Medium (DMEM; Gibco, USA) supplemented with 20% 

fetal bovine serum (FBS; Biosera, France) and 1% 

penicillin/streptomycin (Sigma-Aldrich, USA). After 

three to four weeks, fibroblast cells with 80 to 90% 

confluency were also sub-cultured in a T25 flask (SPL, 

Korea) in the DMEM containing 10% FBS and 1% 

penicillin/streptomycin and fourth to sixth passage 

fibroblasts were used for further experiments. 

 

Treatment Condition by IFNγ and Dexamethasone in 

the Fibroblast Cells 

Dermal fibroblast cells with 80 to 90% confluency 

were harvested from a T25 flask (SPL, Korea) and then 

were seeded on a 12-well plate at 105 cells per well, in 2ml 

DMEM medium containing 10% FBS and 1% 

penicillin/streptomycin, in a CO2 incubator (37°C, 5% 

CO2 and under saturating humidity) for 48 hours; then 

fibroblast cells were treated with 100 IU of IFNγ (285-IF; 

R&D, USA) or 1 μM of dexamethasone (DEX, D4902; 

Sigma-Aldrich, USA). The combined treatments were as 

follows: 100 IU of IFNγ plus 1μM of DEX. The exposure 

time for all treatment groups was 48 hours.  

 

RNA Extraction, cDNA Synthesis, and SYBR Green 

Real-time PCR  

The total RNA of fibroblast cells was isolated using 

an RNA Kit (Roche, Germany) based on the 

manufacturer’s protocol; 1- The fibroblast cells are lysed 

by a lysis solution and RNases are inactivated. 2- The 

fibroblast nucleic acids are bound to the glass fibers pre-

packed in the filter tube. 3- Residual contaminating DNA 

is digested by DNase I. 4- Bound nucleic acids are washed 

with a wash solution to get rid of RT-PCR inhibitory 

contaminants. Further washing of bound nucleic acids 

purifies them from salts, proteins, and other cellular 

contaminants. Finally, RNA is eluted from the filter using 

the elution solution. The quantity and purity of RNA were 

verified by NanoDrop spectrophotometer (Thermo Fisher 

Scientific, USA). Subsequently, 250 ng of RNA was 

subjected to reverse transcription to make complementary 

DNA (ROJE Technologies, Iran) founded on the 

manufacturer’s instruction. To determine mRNA levels, 

150 ng of cDNA was employed as a template for an RT-

qPCR reaction with the RealQ Plus 2x Master Mix Green 

(Ampliqon, Denmark) by the Applied Biosystems 

StepOnePlus Real-Time PCR System (Foster City, CA, 

USA). RT-qPCR was designed using the following PCR 

program: stage one: pre-denaturation: 95°C for 10 min; 

stage two: denaturation: 95°C for 15 sec, annealing: 60°C 

for 1 min (40×). The relative expression of genes was 

presented by the 2-ΔΔCT. The glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) gene was employed as a 

reference gene to standardize the mRNA levels. All of the 

experiments were carried out in triplicate.  

 

Total Protein Isolation and Western Blot  

Western blot analysis was performed to assess the 

IRF1, ERKs, pERKs, and smooth muscle alpha-actin (α-

SMA) protein levels. After 48 hours of treatment, the 

fibroblast cells were harvested with trypsin (Sigma-

Aldrich, USA) and washed with PBS buffer. The 

radioimmunoprecipitation assay (RIPA) lysis buffer 

plus protease inhibitor (Roche, Germany) was employed 

to extract total proteins, and the total protein of cell 

lysates was measured by the Lowry method. Total 

proteins were separated by sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE; 

Sigma-Aldrich, USA) and then transferred to a 

polyvinylidene difluoride (PVDF; Sigma-Aldrich, 

USA) membrane. The free spaces were blocked with 

blocking buffer (5% skim milk in 1X Tris-buffered 

saline with Tween (TBST; Sigma-Aldrich, USA)) for 

one hour at room temperature and then incubated with 

the primary antibodies (anti-phosphorylated-ERK1/2; 

GTX78988, anti-ERK1/2; GTX50560, anti-α-SMA; 

GTX100034, anti-GAPDH; GTX100118 [GeneTex; 

USA for all antibodies], and anti-IRF1; orb373694 

[Biorbyt; USA]) at 4˚C for overnight (1:1000 for all 

antibodies). After three washing, the blots were 

incubated with horseradish peroxidase-conjugated 

secondary antibody (BA1054-2 [Boster; USA], 1:3000) 

for two hours at room temperature. Eventually, the blots 

were visualized with an enhanced 

electrochemiluminescence (ECL) detection reagent. 

GAPDH protein was employed as an internal control to 

standardize the protein levels. 
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Statistical Analysis 

Continuous variables were presented as 

mean±standard error of the mean (SEM) and categorical 

variables were presented as N (%). Statistical analysis 

was performed by SPSS version 25.0 and GraphPad 

Prism version 9.4 (Insightful Science; USA). We used 

ImageJ version 1.38e analysis to quantify the density 

and size of the blots. The normality test was checked 

using the Kolmogorov-Smirnov test for the continuous 

variables. The independent t-test or Mann-Whitney U 

analysis was used to compare the measurements 

between baseline groups. Spearman’s rank correlation 

coefficient was performed to indicate the correlation 

between genes. In addition, the Friedman analysis was 

performed for comparison among multiple paired 

groups, and analysis between two groups was applied 

using Wilcoxon signed-rank correction. So, P values for 

multiple comparisons were adjusted by multiplying each 

P value by the number six.  The P values less than 0.05 

were considered statistically significant. 

 

RESULTS 

 

Study Subjects’ Characteristics 

The clinical and demographic features of all 

participants are shown in Table 1. The mean age of 

dcSSc patients and unaffected controls were 44.3±5.21 

and 37.1 ±2.78 years, respectively. A total of 10 dcSSc 

patients were enrolled in this investigation, comprising 

2 men and 8 women. Also, 10 of the unaffected controls 

were 3 men and 7 women. However, in this study, 

unaffected controls were matched to the dcSSc patients 

by gender and age (p=0.5 and p=0.24 respectively). In 

these dcSSc patients, the most common medication 

prescriptions were atorvastatin, prednisolone, 

alendronate, azathioprine, bosentan, and methotrexate. 

There was no significant difference in gene expressions 

based on their medications.  

 

Gene Expression Pattern in Diffuse Cutaneous SSc 

Patients Compared to Unaffected Controls 

The mRNA expression levels of the selected genes 

were analyzed in dcSSc patients and unaffected controls. 

As shown in Figure 1A, mRNA levels of IL6, TGFB1, 

COL1A2, and C/EBPB were significantly higher in the 

unaffected control group. In contrast, mRNA levels of 

IRF1, COL1A1, and fibronectin (FN1) had no significant 

changes between these two groups.  

The gene expression level of COL1A2 in dcSSc 

patients was correlated positively with IRF1 expression 

level (p=0.008). In addition, there was a positive 

correlation but no significance (p=0.06) between IL6 

and IRF1 mRNA levels (Figure 1B, C). 

 

IFNγ Stimulates and Dexamethasone Inhibits IRF1 

Gene and Protein Expression 

In this study IFNγ, as expected, significantly 

enhanced the expression of the IRF1 gene (Figure 2A 

and B). SSc fibroblast cells treatment with IFNγ led to 

the increased expression of IRF1 up to 27 times (Fold 

change [FC]=27.29, Figure 2C). Also, DEX could 

inhibit IRF1 gene expression compared to the IFNγ, 

combination, and untreated groups.  

Western blot analysis of IRF1 protein has shown 

similar effects of IFNγ and DEX on IRF1 gene 

expression (Figure 2D and E). These data indicate that 

the DEX could inhibit IFNγ-induced IRF1 mRNA and 

protein expression. 

 

IFNγ Stimulates and Dexamethasone Inhibits 

Inflammatory Genes   

Many studies support the role of IL-6 in the initiation 

of skin sclerosis through the direct activation of skin 

fibroblasts. On the other hand, the C/EBP-β could 

regulate IL-6 production in human epithelial and 

fibroblast cells.14,17 As displayed in Figure 3, the gene 

level of IL6 was significantly greater in dcSSc fibroblast 

cells treated with IFNγ which DEX treatment led to a 

significant decrease of IL6 expression in SSc fibroblasts. 

Besides, IFNγ or DEX treatment could not change the 

expression of IL6 gene significantly in the unaffected 

control fibroblasts. In contrast, there were no significant 

differences in the C/EBPB gene level upon IFNγ or DEX 

in both dcSSc and unaffected control fibroblasts (Figure 

3A, B, C, and D). 

 

IFNγ Induces and Dexamethasone Inhibits 

Myofibroblast Differentiation 

To clarify whether IFNγ interferes with the 

differentiation of myofibroblasts, the α-SMA protein 

expression was evaluated by western blot. In the 

fibroblast of the dcSSc patient, IFNγ could increase 

protein levels of α-SMA compared to the untreated group 

which is inhibited by DEX treatment. However, we 

observed similar results in the unaffected control (Figure 

4A and B). 
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Table 1. Demographic and clinical features of the study 

Features SSc patients, N=10 Unaffected control, N=10 

Age, (Mean ±SEM, years) 44.3 ± 5.21 37.1 ± 2.78 

Gender (Women/Men) 8 / 2 7 / 3 

SSc disease duration, (Mean ±SEM, 

months) 

46.67 ± 7.25 - 

Diffuse cutaneous SSc 10 (10) - 

Total Rodnan score, (Mean ±SEM) 15.86 ± 1.87 - 

Dermis phase, (Active/Atrophy) 8 / 2 - 

Prednisolone (Taken/ Not taken) 8 / 2 - 

Azathioprine (Taken/ Not taken) 2 / 8 - 

Bosentan (Taken/ Not taken) 1 / 9 - 

Methotrexate (Taken/ Not taken) 1 / 9 - 

SSc: Systemic Sclerosis, SEM: Standard error of the mean 

 

 
Figure 1. A. Baseline expression of the IRF1, IL6, TGFB1, COL1A1, COL1A2, FN1, and C/EBPB in diffuse cutaneous systemic 

sclerosis (early dcSSc) and unaffected control fibroblast cells. Baseline expression of IL6, TGFB1, COL1A2, and C/EBPB 

indicated considerable differences between the two groups. (B and C): Correlation between expression of IRF1 and IL6 

(n=8)/COL1A2 (n=9) levels in early dcSSc, respectively. Correlations of IRF1 levels and COL1A2 at baseline were significant 

(p=0.008). *p<0.05, **p<0.01, ***p<0.001, IRF1: Interferon regulatory factor 1, IL6: Interleukin 6, TGFB1: Transforming 

growth factor beta 1, FN1: Fibronectin 1, C/EBPB: CCAAT/enhancer binding protein beta, COL1A2: Collagen type I alpha 2 

chain, COL1A1: Collagen type I alpha 1 chain. 

A 

B C 
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Figure 2. Effect of IFNγ (100 IU) alone and in combination with DEX (1 μM) on the expression of the IRF1 gene in the fibroblast 

of early dcSSc patients (A) and unaffected control (B) in comparison with untreated groups. Fold change in IRF1 gene 

expression of dcSSc patients (C). The protein levels of IRF1 in fibroblast cells of early dcSSc and unaffected control (D and E), 

IFNγ could stimulate and DEX could inhibit the protein levels of the IRF1 in the dermal fibroblast cells when compared to 

untreated groups. *p<0.05, **p<0.01, ***p<0.001, IRF1: Interferon regulatory factor 1, IFNγ: Interferon-gamma, DEX: 

Dexamethasone, dcSSc: Diffuse cutaneous systemic sclerosis. 

A B 

C 

D E 
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Figure 3. Effect of IFNγ (100 IU) alone and in combination with DEX (1 μM) on the expression of the inflammation related-

genes (IL6 and C/EBPB) in the fibroblast of early dcSSc patients (A and C), and unaffected control (B and D) in comparison 

with untreated groups. *p<0.05, **p<0.01, ***p<0.001, IL6: Interleukin 6, C/EBPB: CCAAT/enhancer binding protein beta, 

IFNγ: Interferon gamma, DEX: Dexamethasone, dcSSc: Diffuse cutaneous systemic sclerosis. 

 

                  
Figure 4. Effect of IFNγ (100 IU) alone and in combination with DEX (1 μM) on protein levels of α-SMA in fibroblast cells of 

early dcSSc and unaffected controls. (A and B) IFNγ could stimulate and DEX could inhibit the protein levels of the α-SMA in 

the dermal fibroblast cells when compared to untreated groups. α-SMA: Alpha-smooth muscle actin, IFNγ: Interferon-gamma, 

DEX: Dexamethasone, dcSSc: Diffuse cutaneous systemic sclerosis. 

A B 

C 
D 

A B 

http://ijaai.tums.ac.ir/


M. Rokni, et al. 

204/ Iran J Allergy Asthma Immunol                               Vol. 23, No. 2, April 2024 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

 
IFNγ and Dexamethasone More Effectively Inhibit 

Fibrotic Genes 

TGF-β1 has an important role in SSc pathogenesis 

through the induction of fibrotic genes. IFNγ treatment 

could not change TGFB1 expression in both groups 

(dcSSc and unaffected controls), while the expression of 

TGFB1 is significantly decreased upon DEX treatment 

only in dcSSc fibroblasts. Furthermore, IFNγ 

significantly attenuated the mRNA expression level of 

fibrosis-related genes (COL1A1 and FN1) compared to 

the untreated group but had no significant effect on the 

COL1A2 expression. In addition, DEX treatment 

significantly decreased the mRNA expression level of 

COL1A1 and FN1 compared to the untreated group. On 

the other hand, DEX had no significant impact on the 

COL1A2 expression (Figure 5 A, C, E, and G). IFNγ and 

DEX treatment of unaffected control fibroblasts can just 

down-regulate the COL1A1 expression and do not affect 

FN1 and COL1A2 genes (Figure 5 B, D, F, and H).  

 

IFNγ Induces and Dexamethasone Inhibits ERK1/2 

Phosphorylation  

Some studies have described a central role for the 

ERK1/2 pathway in TGFβ-stimulated SSc fibroblast 

activation and induced the collagen isoforms expression, 

as well as of contractile proteins involved in improved 

myofibroblast contraction and migration.1 So, we 

investigated the ERK signaling pathway upon IFNγ 

treatment.  

In the fibroblast of the dcSSc patients and the 

unaffected control, the protein levels of pERK1/2 were 

higher in IFNγ alone and combination groups, and DEX 

could decrease the phosphorylation of ERK1/2 

compared to the untreated group (Figure 5 I and J).  

 

                      

                 

A 
B 

C D 
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Figure 5. Effect of IFNγ (100 IU) alone and in combination with DEX (1 μM) on the expression of the fibrosis related- genes 

(TGFB1, COL1A1, COL1A2 and FN1) in the fibroblast of early dcSSc patients (A, C, E, and G), and unaffected control (B, D, 

F, and H) in comparison with untreated groups. The effect of IFNγ (100 IU) alone and in combination with DEX (1 μM) on 

protein levels of ERK1/2 and pERK1/2 in fibroblast cells of early dcSSc and unaffected control (I and J), IFNγ could stimulate 

and DEX could inhibit the protein levels of the pERK1-2/ERK1-2 in the dermal fibroblast cells when compared to untreated 

groups. *p<0.05, **p<0.01, ***p<0.001, TGFB1: Transforming growth factor beta 1, FN1: Fibronectin 1, COL1A2: Collagen 

type I alpha 2 chain, COL1A1: Collagen type I alpha 1 chain, IFNγ: Interferon-gamma, DEX: Dexamethasone, dcSSc: Diffuse 

cutaneous systemic sclerosis, ERK1/2: Extracellular signal-regulated kinases 1 and 2, pERK1: phosphate Extracellular signal-

regulated kinases 1 and 2. 

 
DISCUSSION 

 

SSc is an autoimmune disease highlighted by 

immune dysregulation and subsequence vasculopathy, 

inflammation, and tissue remodeling that usually leads 

to extreme ECM deposition and fibrosis in the dermis 

and numerous internal organs.1 Corticosteroids are one 

of the most widely prescribed medications in SSc. Some 

reports have proposed the advantage of corticosteroids 

such as DEX in the therapy of SSc, including decreased 

inflammatory and fibrotic processes which lead to the 

recovery of cutaneous thickening.18-20 Approximately 40 

to 75% of SSc patients take corticosteroids, and they are 

predominantly taken in patients with diffuse form.20,21 In 

our investigation, nearly 80% of SSc patients had taken 

corticosteroids (prednisolone). So, it seems that the 

lower mRNA levels of the IL6, TGFB1, COL1A2, and 

C/EBPB in SSc patients than the unaffected controls 

could be caused by corticosteroid treatment of patients 

or other medications.  

Several studies revealed that IFNγ expression could 

up-regulate in the dermis of SSc patients.6 In addition, 

IRF1 is the initial recognized interferon regulatory 

factor. Collecting documents has indicated that IRF1 

functions as an essential transcriptional factor in 

multiple biological functions, such as inflammation and 

fibrosis. Previous studies noted that IRF1 was relevant 

to SSc and fibrotic disorders. IRF1 has been stated to be 

slightly expressed in healthy tissues, although its 

expression is increased in CD4+ T and fibroblast cells of 

SSc patients and could induce inflammation and 

irregular immune responses.9,10,12 IRF1 is involved in 

fibrosis through the up-regulation of α-SMA and FN1 

expression.10 Besides, IRF1 up-regulation leads to the 

decreased expression of Klotho protein which results in 

the enhancement of fibrosis, and the C/EBP-β 

transcription factor is a main mediator for IRF1 

modulating Klotho expression. Up-regulation of C/EBP-

β expression notably diminished fibronectin (FN1) 

expression and contributed to ameliorating fibrosis. 

C/EBP-β operates as transcriptional activators of 

J 
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inflammation-related genes such as IL-6.10,22 Our results 

revealed that IRF1 expression is induced by IFNγ and 

suppressed by DEX. Therefore, IRF1 stimulus by IFNγ 

might describe a positive feedback mechanism under 

inflammatory situations. Conversely, IRF1 inhibition by 

DEX might describe an inhibited feedback mechanism 

under anti-inflammatory and anti-fibrosis situations. 

However, many studies have described the IFNγ or DEX 

effect on IRF1 in challenged fibroblast cells (and non-

fibroblast cells) similarly.23-25 

This study showed that IFNγ and DEX did not affect 

the C/EBPB expression in early dcSSc and unaffected 

control fibroblasts, despite IRF1 overexpression upon 

IFNγ treatment. Contradictorily, Li et al., have reported 

that IRF1 overexpression leads to the reduction of 

Klotho levels through down-regulation of C/EBPB 

which results in the enhancement of fibrosis.10 This 

discrepancy may be related to the differences between 

cells and diseases.  

IL-6 has been implicated in the initiation and 

dissemination of chronic inflammation through the 

induction of its production by fibroblast cells in positive 

autocrine feedback. Therefore, it is not surprising that 

IL-6 has a function in propagating chronic 

inflammation, including that observed in SSc.26 On the 

other hand, IL-6 can act as either a pro-fibrogenic or 

anti-fibrogenic cytokine, depending on the different 

specific receptors involved26,27 The IL-6 and IL-6 

soluble receptor (sIL-6R) complex could decrease both 

the Sp1/Sp3 ratio and DNA-binding activities, thus 

inhibiting COL2A1 transcription.27 In the current 

investigation, we indicated that IFNγ could up-regulate 

and DEX could down-regulated the IL6 gene in dcSSc 

fibroblasts compared to the untreated group. In addition, 

our result revealed that IFNγ or DEX therapy could not 

affect the IL6 gene expression in the unaffected control 

fibroblasts. 

IL-6 could induce the mRNA and protein expression 

of IRF1 via palindromic IFN-response element (pIRE), 

which was observed to respond to IL-6 with higher 

efficiency when compared with IFNγ. Also, IL -6 not 

only induces IRF1 expression but also transactivates its 

pathway.28,29 On the other hand, both IFNγ and IL-6 

were needed for enhanced IRF1 expression which 

controls IFN-stimulated genes. Thus IRF1 may be at the 

nexus of the interplay between IFNγ and IL-6 in 

aggravating inflammatory response, regulation of IFN-

stimulated genes, and autoimmune diseases.30 The 

absence of IL-6 or IRF1 (knockout or knockdown) 

affected the expression of genes controlled by either 

IFNγ or IFN I.31 According to IRF1 is a target for IL-6 

signaling, so, in our study, overexpression of IRF1 may 

be directly related to IFNγ treatment or may be related 

to an increase IL-6 upon IFNγ treatment.  

In the dermis of SSc patients, the existence of 

myofibroblasts α-SMA+ relates to the amount of 

collagen type I and dermis parameters associated with 

fibrosis including tightness and hardness, and does so 

more greatly than inflammation, supporting the 

myofibroblasts α-SMA+ role in the pathogenesis of these 

clinical symptoms.32 Our results verified that IFNγ could 

induce fibroblast cell differentiation into myofibroblast 

α-SMA+ cells, which is inhibited by DEX. A study 

conducted by Chrobak et al. indicated that IFNγ 

increases α-SMA+ mRNA and protein levels in 

endothelial cells which results in endothelial-to-

mesenchymal transition (EndoMT).33 Besides, it has 

been revealed that IFNγ can induce epithelial-to-

mesenchymal transition (EMT) through up-regulation of 

α-SMA.34 However, some studies demonstrated  

that IFNγ could inhibit fibroblast-myofibroblast 

differentiation in a Smad proteins-dependent manner, 

and DEX has a synergistic effect with IFNγ.35,36 This 

inconsistency may be related to the different cell types. 

Furthermore, it has been reported that IL-6 induces 

myofibroblast differentiation and expression of α-

SMA13 and inhibition of IL-6 signaling is involved in 

decreased myofibroblast differentiation in skin 

fibroblasts in the scleroderma mice model.14 With 

regards to our results, myofibroblast differentiation in 

SSc fibroblasts which is induced by IFNγ may be 

enhanced through increased expression of IL-6, which 

induces myofibroblast differentiation by IRF1.37 The 

IL6 gene of humans includes various cis-regulatory 

elements, such as nuclear factor kappa B (NF-κB), 

C/EBPβ, and IRF1, proposing that a wide variety of 

stimuli can induce IL-6. The rise in IL-6 production 

affected the expansion, migration, and differentiation of 

myofibroblast and enhanced the α-SMA expression via 

the MAPK-ERK1/2 activity.38 

In addition, it has been documented that DEX 

reduces human α-SMA expression in part by reduction 

of mRNA translation and increment of protein 

degradation39 which is consistent with our results.  

It has been reported that DEX18 and IFNs40,41 can 

decrease fibrotic genes (collagen and FN1), so, DEX 

plays a synergistic effect with IFNγ. Our result showed 

that IFNγ and DEX cannot change the expression of 
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genes involved in fibrosis including COL1A2, FN1, and 

TGFB1  in unaffected controls. IFNγ and DEX treatment 

of unaffected control fibroblasts decreased only 

COL1A1 expression. In dcSSc fibroblasts, IFNγ could 

decrease COL1A1 and FN1 expression, while DEX 

repressed TGFB1, COL1A1, and FN1 expression. So, 

IFNγ and DEX have more effects on genes that 

contribute to fibrosis in dcSSc fibroblasts. The 

mechanism of down-regulation of fibrotic genes upon 

IFNγ is not clear but with regards to inductive effects of 

IFNγ on IL-6 and due to IL-6 effects on collagen 

expression which can decrease collagen (interaction 

between IL-6 with sIL-6R),27 it seems that IFNγ may 

suppress fibrotic genes through IL-6 overexpression. On 

the other hand, TGF-β and IL-6 signaling can enhance 

the expression of collagen type I and this effect is 

dependent on IL-11.1 So, with regards to our results that 

TGF-β could not change upon IFNγ treatment, it seems 

that increased IL-6 in combination with decreased TGF-

β (compared to our normal fibroblasts) may decrease the 

collagen expression.  

 ERK1/2 has been noted to be involved mainly in the 

proliferation of fibroblasts.1 Phosphorylated ERK1/2 

also facilitated the differentiation of fibroblast cells into 

myofibroblasts via improved α-SMA expression.42 We 

have reported that the phosphorylations of ERK1/2 were 

increased upon IFNγ treatment and DEX could decrease 

the phosphorylation of ERK1/2. Zhou et al. reported that 

IL-6 is overexpressed in human lung fibroblasts by 

phosphorylation of the mitogen-activated protein 

kinases (MAPKs), ERK1/2, and phosphoinositide-3-

kinase-protein kinase B (PI3K-Akt) activity.43 So, it 

seems that IFNγ acts through ERKs activation to 

increase IL-6 expression.  

Furthermore, DEX can inhibit ERK1/2 activation 

and reverse TGF-β effects on cell differentiation into 

myofibroblast α-SMA+ and migration.19 Our result is 

consistent with this study on the inhibitory effect of 

DEX on ERK1/2 phosphorylation and differentiation 

into myofibroblast.  

Overall, inflammatory reactions could be mediated  

by many inflammation-related cytokine genes (such as 

IFNγ and IL-6) and dysregulation in each signaling 

pathway by exogenous stress signals (such as infection) 

could disturb the homeostasis control system in 

autoimmune diseases. On the other hand, the fibrosis 

process is related to chronic inflammation, homeostasis, 

and TGF-β1 signaling. So, with regards to our report, 

combination therapy with DEX and IFNγ as an effective 

treatment could inhibit inflammation- and fibrosis-

related genes (such as IFNG, IL6, and TGFB1) in SSc 

patients in comparison with unaffected control. 

Given the inductive effect of IFNγ on IL-6 

expression and myofibroblast differentiation and its 

inhibitory effect on collagen and fibronectin expression, 

IFNγ may play a dual role in SSc. Besides, based on IL-

6 roles in myofibroblast differentiation and suppression 

of collagen expression, it seems that IFNγ acts through 

IL-6 signaling. Furthermore, IFNγ as well as IL-6 

increase IRF1 expression which can induce 

myofibroblast differentiation, so, it may IFNγ and IL-6 

execute myofibroblast differentiation through IRF1 up-

regulation.    

 

STATEMENT OF ETHICS 

 

All procedures performed in studies involving 

human participants were by the ethical standards of the 

institutional and/or national research committee and 

with the 1964 Helsinki Declaration and its later 

amendments or comparable ethical standards. The study 

protocol was approved by the ethics committee of 

Tehran University of Medical Sciences (Ethical code: 

IR.TUMS.MEDICINE.REC.1399.1099), and written 

consent was taken from all subjects. 

 

FUNDING 

 

This study was financially supported by the Tehran 

University of Medical Sciences (Grant number: 50789-

410-3-99). The funders had no role in the study design, 

data analysis, or preparation of the manuscript. Also, the 

funders had no funding allocated for the article 

publication fee. 

 

CONFLICT OF INTEREST 

 

The authors declare no conflicts of interest. 

 

ACKNOWLEDGEMENTS 

 

We highly appreciate the cooperation of the 

Rheumatology Research Crheumatology Research 

Center (RRC) and the Tehran University of Medical 

Sciences (TUMS). 

 

 

 

http://ijaai.tums.ac.ir/


Interferon-γ and interleukin-6 in systemic sclerosis 

Vol. 23, No. 2, April 2024                                                                          Iran J Allergy Asthma Immunol/ 209 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

REFERENCES 

 

1. Rokni M, Sadeghi Shaker M, Kavosi H, Shokoofi S, 

Mahmoudi M, Farhadi E. The role of endothelin and 

RAS/ERK signaling in immunopathogenesis-related 

fibrosis in patients with systemic sclerosis: an updated 

review with therapeutic implications. Arthritis Res Ther. 

2022;24(1):1-13. 

2. Sadeghi Shaker M, Rokni M, Mahmoudi M, Farhadi E. 

Ras family signaling pathway in immunopathogenesis of 

inflammatory rheumatic diseases. Front Immunol. 

2023;14. English. 

3. Ototake Y, Yamaguchi Y, Asami M, Komitsu N, Akita A, 

Watanabe T, et al. Downregulated IRF8 in monocytes and 

macrophages of patients with systemic sclerosis may 

aggravate the fibrotic phenotype. J Invest Dermatol. 

2021;141(8):1954-63. 

4. Skaug B, Assassi S. Type I interferon dysregulation in 

Systemic Sclerosis. Cytokine. 2020;132:154635. 

5. Wu M, Assassi S. The role of type 1 interferon in systemic 

sclerosis. Front Immunol. 20136;4:266.  

6. Gonçalves RSG, Pereira MC, Dantas AT, Almeida AR, 

Rego M, Lima EA, et al. CCL3, IL-7, IL-13 and IFNγ 

transcripts are increased in skin's biopsy of systemic 

sclerosis. Exp Dermatol. 2019;28(10):1172-5.  

7. Wang WM, Li F, Jin HZ. Role of interferon regulatory 

factor-mediated signaling in psoriasis. Int J Med Sci. 

2021;18(16):3794-9.  

8. Wu M, Skaug B, Bi X, Mills T, Salazar G, Zhou X, et al. 

Interferon regulatory factor 7 (IRF7) represents a link 

between inflammation and fibrosis in the pathogenesis of 

systemic sclerosis. Ann Rheum Dis. 2019;78(11):1583-91.  

9. Wu M, Salazar G, Ying J, Charles J, Zhou X, Mayes MD, et 

al., editors. Interferon Regulatory Factor (IRF) 7 in Type I 

IFN Signaling Represents As a Key Upstream Regulator in 

Early Diffuse SSc Patients and Plays Critical Role in 

Pathogenesis of Fibrosis. Arthritis Rheumatol; 2017: 

WILEY 111 RIVER ST, HOBOKEN 07030-5774, NJ 

USA. 

10. Li Y, Liu Y, Huang Y, Yang K, Xiao T, Xiong J, et al. 

IRF‐1 promotes renal fibrosis by downregulation of 

Klotho. FASEB J. 2020;34(3):4415-29. 

11. González-Serna D, Ochoa E, López-Isac E, Julià A, 

Degenhardt F, Ortego-Centeno N, et al. A cross-disease 

meta-GWAS identifies four new susceptibility loci shared 

between systemic sclerosis and Crohn's disease. Sci Rep. 

2020;10(1):1862.  

12. Zeng Z, Wang Y, Xiao Y, Zheng J, Liu R, He X, et al. 

Overexpression of OASL upregulates TET1 to induce 

aberrant activation of CD4(+) T cells in systemic sclerosis 

via IRF1 signaling. Arthritis Res Ther. 2022;24(1):50.  

13. Li Y, Zhao J, Yin Y, Li K, Zhang C, Zheng Y. The Role 

of IL-6 in Fibrotic Diseases: Molecular and Cellular 

Mechanisms. Int J Biol Sci. 2022;18(14):5405-14.  

14. Khan K, Xu S, Nihtyanova S, Derrett-Smith E, Abraham 

D, Denton CP, et al. Clinical and pathological significance 

of interleukin 6 overexpression in systemic sclerosis. Ann 

Rheum Dis. 2012;71(7):1235-42. 

15. Van Den Hoogen F, Khanna D, Fransen J, Johnson SR, 

Baron M, Tyndall A, et al. 2013 classification criteria for 

systemic sclerosis: an American College of 

Rheumatology/European League against Rheumatism 

collaborative initiative. Arthritis Rheumatol. 

2013;65(11):2737-47. 

16. Medsger Jr T. Systemic sclerosis (scleroderma) localized 

scleroderma, eosinophilic fasciitis, and calcinosis. 

Arthritis and allied conditions. 1993:1118-65. 

17. Hungness ES, Luo GJ, Pritts TA, Sun X, Robb BW, 

Hershko D, et al. Transcription factors C/EBP-beta and -

delta regulate IL-6 production in IL-1beta-stimulated 

human enterocytes. J Cell Physiol. 2002;192(1):64-70.  

18. Dogra D, Dogra N, Gupta G, Mushtaq S. Dexamethasone-

cyclophosphamide pulse therapy in systemic sclerosis: A 

retrospective study from a tertiary care hospital. Indian J 

Dermatol Venereol Leprol. 2017;83:494. 

19. Han S, Bui NT, Ho MT, Kim YM, Cho M, Shin DB. 

Dexamethasone Inhibits TGF-β1-Induced Cell Migration 

by Regulating the ERK and AKT Pathways in Human 

Colon Cancer Cells Via CYR61. Cancer Res Treat. 

2016;48(3):1141-53.  

20. Iudici M, Vettori S, Russo B, Giacco V, Capocotta D, 

Valentini G. Outcome of a glucocorticoid discontinuation 

regimen in patients with inactive systemic sclerosis. Clin 

Rheumatol. 2016;35(8):1985-91. 

21. de Almeida AR, Dantas AT, Pereira MC, Cordeiro MF, 

Gonçalves RSG, de Melo Rêgo MJB, et al. 

Dexamethasone inhibits cytokine production in PBMC 

from systemic sclerosis patients. Inflammopharmacology. 

2019;27(4):723-30.  

22. Wang W, Xia X, Mao L, Wang S. The CCAAT/Enhancer-

Binding Protein Family: Its Roles in MDSC Expansion 

and Function. Front Immunol. 2019;10.  

23. Nunez BS, Geng CD, Pedersen KB, Millro-Macklin CD, 

Vedeckis WV. Interaction between the interferon signaling 

pathway and the human glucocorticoid receptor gene 1A 

promoter. Endocrinology. 2005;146(3):1449-57.  

24. Yuan W, Yufit T, Li L, Mori Y, Chen SJ, Varga J. 

Negative modulation of α1 (I) procollagen gene expression 

http://ijaai.tums.ac.ir/


M. Rokni, et al. 

210/ Iran J Allergy Asthma Immunol                               Vol. 23, No. 2, April 2024 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

in human skin fibroblasts: Transcriptional inhibition by 

interferon‐γ. J Cell Physiol. 1999;179(1):97-108. 

25. Flammer JR, Dobrovolna J, Kennedy MA, Chinenov Y, 

Glass CK, Ivashkiv LB, et al. The type I interferon 

signaling pathway is a target for glucocorticoid inhibition. 

Mol Cell Biol. 2010;30(19):4564-74. 

26. Barnes TC, Anderson ME, Moots RJ. The many faces of 

interleukin-6: the role of IL-6 in inflammation, 

vasculopathy, and fibrosis in systemic sclerosis. Int J 

Rheumatol. 2011;2011:721608.  

27. Porée B, Kypriotou M, Chadjichristos C, Beauchef G, 

Renard E, Legendre F, et al. Interleukin-6 (IL-6) and/or 

soluble IL-6 receptor down-regulation of human type II 

collagen gene expression in articular chondrocytes 

requires a decrease of Sp1.Sp3 ratio and of the binding 

activity of both factors to the COL2A1 promoter. J Biol 

Chem. 2008;283(8):4850-65.  

28. Harroch S, Revel M, Chebath J. Induction by interleukin-

6 of interferon regulatory factor 1 (IRF-1) gene expression 

through the palindromic interferon response element pIRE 

and cell type-dependent control of IRF-1 binding to DNA. 

EMBO J. 1994;13(8):1942-9.  

29. Huang SL, Chang TC, Chao CCK, Sun NK. TLR4/IL-

6/IRF1 signaling regulates androgen receptor expression: 

A potential therapeutic target to overcome taxol resistance 

in ovarian cancer. Biochem Pharmacol. 2021;186:114456. 

30. Cauvi DM, Cauvi G, Toomey CB, Jacquinet E, Pollard 

KM. From the Cover: Interplay Between IFN-γ and IL-6 

Impacts the Inflammatory Response and Expression of 

Interferon-Regulated Genes in Environmental-Induced 

Autoimmunity. Toxicol Sci. 2017;158(1):227-39.  

31. Zenke K, Muroi M, Tanamoto KI. IRF1 supports DNA 

binding of STAT1 by promoting its phosphorylation. 

Immunol Cell Biol. 2018;96(10):1095-103.  

32. van Caam A, Vonk M, van den Hoogen F, van Lent P, van 

der Kraan P. Unraveling SSc Pathophysiology; The 

Myofibroblast. Front Immunol. 2018;9:2452.  

33. Chrobak I, Lenna S, Stawski L, Trojanowska M. 

Interferon-γ promotes vascular remodeling in human 

microvascular endothelial cells by upregulating endothelin 

(ET)-1 and transforming growth factor (TGF) β2. J Cell 

Physiol. 2013;228(8):1774-83.  

34. Lee M, Kim DW, Khalmuratova R, Shin SH, Kim YM, 

Han DH, et al. The IFN-γ-p38, ERK kinase axis 

exacerbates neutrophilic chronic rhinosinusitis by 

inducing the epithelial-to-mesenchymal transition. 

Mucosal Immunol. 2019;12(3):601-11.  

35. Gu L, Zhu YJ, Guo ZJ, Xu XX, Xu WB. Effect of IFN-

gamma and dexamethasone on TGF-beta1-induced human 

fetal lung fibroblast-myofibroblast differentiation. Acta 

Pharmacol Sin. 2004;25(11):1479-88.  

36. Tanaka K, Sano K, Yuba K, Katsumura K, Nakano T, 

Tanaka K, et al. Inhibition of induction of myofibroblasts 

by interferon gamma in a human fibroblast cell line. Int 

Immunopharmacol. 2003;3(9):1273-80.  

37. Zhang Y, Zhang J, Feng D, Zhou H, Gui Z, Zheng M, et al. 

IRF1/ZNF350/GPX4-mediated ferroptosis of renal tubular 

epithelial cells promote chronic renal allograft interstitial 

fibrosis. Free Radic Biol Med. 2022;193:579-94. 

38. Uyama N, Tsutsui H, Wu S, Yasuda K, Hatano E, Qin X-

Y, et al. Anti-interleukin-6 receptor antibody treatment 

ameliorates postoperative adhesion formation. Sci Rep. 

2019;9(1):17558. 

39. Goldsmith AM, Hershenson MB, Wolbert MP, Bentley 

JK. Regulation of airway smooth muscle alpha-actin 

expression by glucocorticoids. Am J Physiol Lung Cell 

Mol Physiol. 2007;292(1):L99-L106.  

40. Grassegger A, Schuler G, Hessenberger G, Walder-

Hantich B, Jabkowski J, MacHeiner W, et al. Interferon-

gamma in the treatment of systemic sclerosis: a 

randomized controlled multicentre trial. Br J Dermatol. 

1998;139(4):639-48.  

41. Black CM, Silman AJ, Herrick AI, Denton CP, Wilson H, 

Newman J, et al. Interferon-alpha does not improve 

outcome at one year in patients with diffuse cutaneous 

scleroderma: results of a randomized, double-blind, 

placebo-controlled trial. Arthritis Rheum. 1999;42(2):299-

305.  

42. Hu Y, Fu J, Liu X, Xue X. ERK1/2 Signaling Pathway 

Activated by EGF Promotes Proliferation, 

Transdifferentiation, and Migration of Cultured Primary 

Newborn Rat Lung Fibroblasts. Biomed Res Int. 

2020;2020:7176169.  

43. Zhou J, Sun X, Zhang J, Yang Y, Chen D, Cao J. IL-34 

regulates IL-6 and IL-8 production in human lung fibroblasts 

via MAPK, PI3K-Akt, JAK and NF-κB signaling pathways. 

Int Immunopharmacol. 2018;61:119-25. 

 

 

 

 

http://ijaai.tums.ac.ir/

