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Background: Silibinin (silibinin A) is the most active silymarin component, 

which acts both as a hepatoprotective [1] and an antiviral agent. The present 

study investigated the silibinin effect on IFN-related innate immune genes in 

PBMCs from HCV-infected patients. Method: 22 chronic HCV patients, 

including 10 IFN responders and 12 non-responders, were included. Their 

isolated PBMCs were treated for 6 hours in the presence of silibinin, IFN-α, or 

their combination. The transcription level of TLR7, ISG15, and SOCS1 genes 

was compared using real-time PCR. Result: Our result showed that IFN-α 

induced a significant up-regulation of TLR7 and ISG15 in PBMCs of both 

responder and non-responder groups. Nevertheless, the SOCS1 gene was not 

significantly changed in the non-responder group (P=0.32). The combination of 

IFNα- and silibinin showed a similar pattern to IFN-α alone. By itself, silibinin 

did not leave a significant change on the expression level of the studied genes  .

Conclusion: The results indicated that silibinin did not enhance or suppress the 

expression level of TLR7, ISG15, and SOCS1 genes.  Therefore, it has been 

suggested that its anti-inflammatory role might be devoid of IFN pathways. 
 

INTRODUCTION 

Hepatitis C virus (HCV) infection affects ~1% of the 

world population [2, 3]. In about 55%-85% of HCV 

cases, persistent infection leads to cirrhosis and 

hepatocellular carcinoma [4, 5]. For a long time, the 

standard therapy for HCV infection was recombinant 

interferon-alpha (IFN-α) [6] though it is now mostly 

replaced by revolutionary and more effective direct-

acting antivirals (DAAs) [7]. 

Among the suggested herbal medicines for HCV 

treatment, the flavonoids mixture (silymarin) from the 

milk thistle plant (Silybum marianum) is the most 

popular one and is considered safe and effective [8]. 

Silibinin (silibinin A) is the most active silymarin 

component, which acts both as a hepatoprotective [1] 

and an antiviral agent. Studies using Huh7.5.1 host cells 

have shown that silibinin displays a direct inhibitory role 

in the HCV replication cycle [9].    

The hepatoprotective effects of silibinin partly depend 

on its suppressive role on activated stellate cells, which 

prevent fibrosis and cirrhosis development [10]. Also, 

silibinin suppresses the mRNA expression of 

proinflammatory cytokines [11]. Moreover, silibinin was 

able to partially reduce the levels of nuclear factor 

kappa-light-chain-enhancer of activated B cells (NF-κB) 

and inflammatory cytokine in peripheral blood 

mononuclear cells (PBMCs) isolated from preeclampsia 

women [12]. However, the detailed mechanism for 

silibinin anti-inflammatory effect in PBMCs remains to 

be elucidated [13]. 

IFN-stimulated gene (ISG) 15, toll-like receptor 7 

(TLR7), and suppressor of cytokine signaling1 (SOCS1) 

genes induced in response to IFN [14, 15] are among 

ISGs of the innate immunity [13]. The SOCS1 

expression, a suppressor of the JAK-STAT pathway that 

increases in non-responsive patients, might be related to 

immune subversion [16]. TLR7 that detects single-

stranded RNA could induce an innate antiviral activity in 

the host [17]. Also, ISG15, as a critical ISGs gene 

induced by IFN, exhibits an antiviral activity against 

viruses such as HCV and hepatitis B virus (HBV) [18, 

19].
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Further utilization of silibinin in viral-related 

inflammation requires a true understanding of its innate 

immunomodulatory role on PBMCs  [20]. However, its 

synergistic or antagonistic effect on IFN related 

immunity on PBMCs from different HCV patients has 

not yet been investigated. Therefore, herein three IFN-α 

related genes in HCV patients, including SOCS1, TLR7, 

and ISG15, were investigated to determine if silibinin 

could modulate an IFN-induced innate immunity.  To 

this end, we employed PBMCs groups treated with either 

IFN-α, silibinin, or a combination of IFN-α and silibinin. 

 

MATERIAL AND METHODS 

Patients. Overall, 22 chronic HCV-infected patients 

with genotype 1, including 12 non-responders and 10 

responders, admitted to the Liver Clinic of 

Gasterohepatology Research Center, Shiraz University of 

Medical Sciences, were enrolled consecutively from 2013 

to 2015. The informed consent under the university 

approval (Ethics committee approval No: 7721) was 

obtained, while an ethical guideline from Shiraz 

University of Medical Sciences was thoroughly 

considered. None of the participants received DAA drugs 

while they went through a course of peg-IFN-α plus 

ribavirin therapy. The identification of viral genomic 

RNA six months after the end of therapy was defined as 

non-response. 

PBMCs culture and treatment. Blood samples were 

taken in heparin tubes, and fresh PBMCs were isolated 

by the Ficoll-Hypaque method (Inno-train Inc., 

Germany). The freshly isolated PBMCs (106 cells/well) 

were then split into 6-well plates and fed by a complete 

RPMI medium (Gibco Inc.) containing 10% FBS and 

penicillin-streptomycin. The PBMCs were treated with 

silibinin (silibinin group), recombinant IFN-α (IFN 

group),  their combination (silibinin+IFN group), or 

nothing (negative control) and incubated in the air 

humidified CO2 incubator until the peak of the expression 

change (6 hours).  

Silibinin (C25H22O10 MW= 482.44, Sigma-Aldrich 

Inc., USA) was dissolved in dimethyl sulfoxide (BioIdea 

Inc. Iran) and incomplete RPMI. It was added at a 

concentration of 50  µg/mL  to one PBMCs group . 

Recombinant IFN-α 2b (3×106 IU/mL) (Pooyesh Daru 

Inc., Iran) was also added to the PBMCs group in a 

concentration of 500 IU/mL. IFN-α was used to show the 

extent of the immune response in PBMCs following 

stimulation in the presence or absence of silibinin.  

In the third group, a combination of IFN-α and silibinin 

was added into relevant wells. A negative control group 

was also included, which was untreated. Before starting 

the experiment, the Trypan-Blue exclusion test [21] was 

employed to determine the cell viability/cytotoxicity after 

treatment with several doses of silibinin (50-1000µg/mL) 

and IFN-α (100-2000IU/mL) to find the optimal dose for 

further assessment.   

Real-time PCR and gene expression analysis. Total 

RNA was extracted using an RNA extraction solution 

(Cinnaclone Inc. Tehran, Iran), according to the 

manufacture's instruction. The expression patterns of 

TLR7, SOCS1, and ISG15 were measured using real-

time PCR assay by SYBR Green dye. The sequences of 

primers are shown in table 1. The reaction components 

used in this study have been described elsewhere [22]. 

The expression level of each target gene was determined 

in duplicate and normalized to the expression level of the 

human ACTB (actin, beta) reference gene.  

 
Table 1. The list of primers employed in specific qPCRs 

Primers Gene 

Forward: 5′-GCCTTTGCCGATCCGC-3′ 

Reverse: 5′-GCCGTAGCCGTTGTCG-3′ 
β-actin (ACTB) 

 

Forward: 5′-GAAAGTTGATGCTATTGGG-3′ 

Reverse: 5′-TTTGTCTCTTCAGTGTCC-3′  
TLR7 

Forward: 5′- TTCGCCCTTAGCGTGAAGATGG-3′ 

Reverse:  5′- TAGTGCTCCAGCAGCTCGAAGA-3′ 
SOCS1 

Forward: 5′- TCATCTTTGCCAGTACAGGAGC-3′ 

Reverse: 5′-  TTCTGGGTGATCTGCGCCTT-3′ 
ISG15 

 

Statistical Analysis. Data were analyzed using Graph 

Pad Prism version 5 (San Diego, California). The 

significant difference between means was determined by 

Mann–Whitney's U test or unpaired t-test, one-way 

ANOVA, and Kruskal-Wallis. P-values less than 0.05 

were considered to be statistically significant. 

 

RESULTS 

Subjects. The characteristics of the patients are shown 

in Table 1. 

Cytotoxicity results. In accordance with cytotoxicity 

results determined by the simple trypan blue exclusion 

test, concentrations of 50 µg/mL silibinin and 500 

IU/mL IFN-α 2b were determined to be safer and more 

effective for further assessment. These doses showed 

less than 5% cell death in the PBMC population when 

quantified by the trypan blue exclusion test.  
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The effect of silibinin on PBMCs gene expression. The 

results of the expression pattern of SOCS1, TLR7, and 

ISG15 genes are shown in Fig. 1. Overall, these results 

showed a somewhat similar trend following IFN-α with 

or without silibinin treatment in both responder and non-

responder groups. As a positive control, IFN-α induced a 

significant up-regulation of studied genes in PBMCs 

(P<0.01) among responders. However, the exception 

was SOCS1, which did not significantly change in the 

non-responder group (P= 0.32). Adding silibinin to 

culture media did not induce or suppress the innate 

inductive role of IFN-α, as shown in Fig. 1. 

 

Table 2. The characteristics of the patients 

 Responder Non-responder 

Male 8 9 
Female 2 3 

Mean age 42.9 50 

Total 10 12 

 

PBMCs treated with IFN-α showed a significant up-

regulation for ISG15 in both groups, as expected. The 

increasing fold for ISG15 expression was higher than 

other genes (P<0.001). Hence, combining IFN-α + 

silibinin caused a significant elevation in the expression 

level of ISG15 (P<0.05). On the contrary, silibinin alone 

did not increase the expression of ISG15 in both groups.   

In the case of TLR7, its transcription was up-regulated 

significantly following IFN-α treatment in both groups 

(P<0.001). Moreover, after treating PBMC with IFN-α + 

silibinin, the expression significantly increased in both 

groups (P< 0.01). Similarly, after treating PBMCs with 

silibinin, no significant change in the expression level of 

TLR7 was detectable, as measured for ISG15.  

SOCS1 transcription analysis showed a different 

pattern from those of ISG15 and TLR7. After IFN-α 

treatment, the induction of SOCS1 expression was 

merely detected in the responder group (P<0.05). The 

PBMCs of the non-responder group did not respond to 

IFN-α treatment as SOCS1 expression showed similar 

levels before and after treatment. Adding silibinin to IFN-

α showed no difference in comparison to single IFN-α 

treatment. Silibinin alone did not change the expression 

of SOCS1, as shown in Fig. 1 for other genes. 

 

DISCUSSION 

Even with discovering a new generation of DAAs in 

HCV therapy, the future treatment seems not to be 

completely free of additional components like silymarin 

[7, 23]. Silibinin can reduce inflammatory changes 

following DAAs therapy, restrict the fibrosis process, and 

slow down the HCC progression [24].  

Our result showed that silibinin at the concentration 

tested is safe as it does not affect cell viability even when 

combined with IFN-α. Moreover, as a positive control 

and potent innate immunity stimulator, recombinant 

IFN-α treatment significantly induces all three gene 

transcription, except SOCS1 in the non-responder group. 

IFN-α could induce SOCS1 expression merely in 

PBMCs of the responder group. This might reflect upon 

the higher integrity of innate immune signaling of 

PBMCs among the responder group, affecting IFN-

related responses [14]. For ISG15 and TLR7, expression 

augmentation following IFN-α alone or in combination 

with silibinin was detected in both groups. MacParland 

et al. (2015) reported that IFN-α showed a high 

induction level of TLR7 and ISG15, which was in line 

with our study [25].  

On the contrary, silibinin, by itself, did not enhance 

the expression of the studied genes. Moreover, it has 

been reported that silibinin dose-dependently impairs the 

production of Th1 related cytokines such as secretion of 

TNF-α, IFN-γ, IL-4, and IL-2 from HCV-infected and 

uninfected subjects while increasing IL-10 in murine 

hepatocytes [26, 27]. In contrast, decreased levels of IL-

10, IFN-γ, and TNF-α following silibinin treatment have 

also been reported [28].  Silibinin was also shown to 

significantly reduce transcription factors such as NF-κB 

and STAT1 [29]. On the other hand, no significant 

change in ISGs expression of basal lymphocyte was 

observed for silymarin treatment. However, as the 

silymarin dose increased, more robust interferon-induced 

ISG15 expression was observed  [30]. It has been 

reported that slight alterations of ISGs expression were 

observed following silymarin therapy in a dose-

dependent pattern [30].  

When a combination of IFN-α and silibinin was 

applied, no significant amelioration of the IFN-mediated 

innate induction was detected, which suggested the non-

modulatory role of silibinin. In a dozen experiments, 

silibinin has exhibited an anti-inflammatory effect 

through different pathways [26]. It has been firmly 

suggested that this property is related to blocking the 

NF-B signaling pathway, resulting in the down-

regulation of pro-inflammatory cytokines  [26] and 

through dendritic cell modulation  [20]. In persistent 

HCV infection, inflammation is mainly induced through 

the NF-κB pathway, resulting in fibrosis and antiviral 

resistance  [31].   As Lovelace et al. showed, silymarin 

suppresses HCV-induced oxidative stress, pro-

inflammatory mRNAs, T cell activation, and signaling 

pathways, including NF-κB following prolonged (i.e., 24 

h) exposure [11]. Consequently, despite different 

mechanisms known for the anti-inflammatory role of 
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silibinin, the possible impact on IFN-related innate immunity remains well-established.   

  

 

Fig. 1. The transcription level of the three genes A) TLR7, B) SOCS1, and C) ISG15 in responder and non-responder groups in 

four culture conditions. Error bars represent the standard error of the mean. *, P<0.05; **, P<0.01; ***, P<0.001. 

 

Silibinin might not have a stimulatory or suppressive 

effect on IFN-related genes, including TLR7, ISG15, and 

SOCS1, and exhibited no contra-indicatory effect with 

IFN-α. Therefore, its anti-inflammatory role seems to be 

devoid of IFN pathways. However, this suggestion 

should be confirmed through more IFN-related gene 

expression analysis, including normal cell and multiple-

dose regimens of silibinin. 
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