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Abstract 

Background: The relationship between psoriasis and hepatitis C was previously controversial, so our purpose is to 
investigate this connection.

Methods: We conducted a systematic review of the case–control, cross-sectional and cohort studies examining the 
association between psoriasis and hepatitis C in PubMed, EMBASE and Cochrane library databases and investigated 
the overlapping genes between psoriasis targets and hepatitis C targets using bioinformatics analysis. Based on 
overlapping genes and hub nodes, we also constructed the protein–protein interaction (PPI) network and module 
respectively, followed by the pathway enrichment analysis.

Results: We included 11 publications that reported a total of 11 studies (8 cross-sectional and 3 case–control). The 
case–control and cross-sectional studies included 25,047 psoriasis patients and 4,091,631 controls in total. Psoriasis 
was associated with a significant increase of prevalent hepatitis C (OR 1.72; 95% confidence interval [CI] (1.17–2.52)). 
A total of 389 significant genes were common to both hepatitis C and psoriasis, which mainly involved IL6, TNF, 
IL10, ALB, STAT3 and CXCL8. The module and pathway enrichment analyses showed that the common genes had 
the potential to influence varieties of biological pathways, including the inflammatory response, cytokine activity, 
cytokine–cytokine receptor interaction, Toll-like receptor signaling pathway, which play an important role in the 
pathogenesis of hepatitis C and psoriasis.

Conclusion: Patients with psoriasis display increased prevalence of hepatitis C and the basic related mechanisms 
between hepatitis C and psoriasis had been preliminarily clarified.
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Introduction
Psoriasis is a chronic systemic inflammatory disease that 
affects approximately 0.5% to 11% of adults worldwide 
and is considered to be a T cell mediated disease [1, 2]. 

While psoriasis can be triggered by infection, trauma, 
stress, drugs, genetics and environmental factors, the 
pathogenesis of psoriasis remains unknown [3]. Clinical 
manifestations include skin scales and erythema, pru-
ritus, arthritis, nail deformity and liver abnormalities 
[4–6].

Hepatitis C virus (HCV) infection is a global dis-
ease and the 2015  global prevalence estimate of 1.0% 
or 71.1 million infections  [7]. After HCV infection, the 
liver parenchymal cells will produce and release a large 
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amount of thymic interstitial lymphocytes, thus stimulat-
ing the proliferation and differentiation of T helper cell 
17(Th17) cells. Th17 cells can secrete interleukin (IL) -17 
and inhibit the apoptosis of liver cells, promoting the 
survival of HCV-infected cells, thus causing the chronic 
development of HCV infection [8–10].

Previous studies have shown that HCV may cause pso-
riasis through upregulation of antimicrobial peptides 
Toll-like receptor 9 (TLR9) and interferon, which are 
involved in the development of psoriasis [11]. However, 
the relationship between HCV infection and psoriasis 
remains unclear. The purpose of this study is to systemat-
ically investigate the relationship between hepatitis C and 
psoriasis, as well as the molecular mechanisms.

Methods
Search strategy and selection criteria
We conducted a systematic review and meta-analysis of 
observational studies on the association between psoria-
sis and hepatitis C, which was studied in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) [12] and Meta-analysis of 
Observational Studies in Epidemiology (MOOSE) guide-
lines [13].

For this meta-analysis, we searched PubMed, EMBASE 
and Cochrane library on December 31, 2020 without lan-
guage or publication date restrictions, all relevant clinical 
studies were included in our study. Using the following 
keyword combinations: ("psoriasis" OR "psoriases" OR 
"psoriasi") AND ("hepatitis C" OR "hepacivirus"). We also 
searched the reference lists, relevant reviews and meta-
analysis of included studies to find other potential stud-
ies. After searching the electronic database, studies were 
selected based on pre-established inclusion criteria. (1) 
Observational studies examining the correlation between 
psoriasis and hepatitis C, including cross-sectional stud-
ies, case–control studies or cohort studies; (2) The study 
participants are humans; (3) The case group is composed 
of patients with psoriasis, and the control group is com-
posed of individual composition without psoriasis; (4) 
Studies must have provided odds ratios (ORs) or suffi-
cient raw data to calculate ORs. Research screening was 
conducted by two independent investigators based on the 
above criteria, and a third investigator arbitrated whether 
the study was suitable for inclusion. First, the investiga-
tor independently screened all titles and abstracts to 
exclude duplicate and obviously irrelevant articles. Sec-
ond, we checked the full texts of all remaining papers and 
included studies that met the inclusion criteria.

Data extraction and risk of bias assessment
The following data were extracted from the included 
studies: first author, year of publication, country, study 

design, and quantitative estimates including odds ratio 
(OR) with 95%CIs on the association of hepatitis C with 
psoriasis. We used the Newcastle–Ottawa Scale to assess 
the risk of bias of included studies [14]. A study could be 
rated as low risk, uncertain risk, or high risk based on 
its effects, a study with one or more red lights indicated 
a lower-quality study, while a study with no red lights 
suggested a higher-quality study (Additional file  1). All 
included studies were independently evaluated by two 
investigators, and differences were resolved through dis-
cussions with the third investigator.

Statistical analysis
All analyses were conducted by using the Review Man-
ager 5.3 [15]. Odds ratios (OR) were calculated for case 
control/cross-sectional studies. The  I2 statistic was used 
to assess the statistical heterogeneity of the included 
studies.  I2 value greater than 50% was considered to per-
formed a random-effects model meta-analysis and using 
fixed effects model meta-analysis with  I2 less than 50%. 
All statistical tests were two-sided, and a p value < 0.05 
was considered statistically significant.

Retrieval of potential disease targets
Using keywords “hepatitis C” and “psoriasis” to search for 
protein targets of hepatitis C and psoriasis-related dis-
eases in the DisGeNET and GeneCards databases. Gen-
eCards (https:// www. genec ards. org/) knowledge base 
automatically integrates gene-centric data from 150 net-
work resources including genome, transcriptome, pro-
teome, genetic, clinical, and functional information. It 
is an integrable, searchable database and provides com-
prehensive, user-friendly information about all anno-
tated and predicted human genes. DisGeNET (http:// 
www. disge net. org/) is a discovery platform containing 
one of the largest publicly available collections of genes 
that can be used for different research purposes, includ-
ing the investigation of the molecular underpinnings of 
human diseases and their comorbidities,  the analysis of 
the properties of disease genes etc. [16]. Furthermore, the 
intersection of hepatitis C target and psoriasis target was 
determined with the online tool Venny 2.1 (http: // bioin-
fogp.cnb.csic.es/tools/venny/index.html).

Construction and analysis of the protein–protein 
interaction (PPI) network
The STRING database (https:// string- db. org/) covers 
almost all functional interactions between expressed pro-
teins [17], and the species can be set to homo sapiens to 
construct a protein–protein interaction (PPI) network. 
Importing the target interaction information results 
obtained from the analysis into Cytoscape (version 3.6.1; 
(https:// www. cytos cape. org/) where the interactive 
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network is drawn and analyzed [18]. The database defines 
PPI with confidence ranges for data scores (low confi-
dence: scores > 0.15; medium > 0.4; and high: > 0.7). In the 
present study, PPIs with combined scores higher than 0.4 
were selected for further research. At the same time, we 
can use the Cytoscape plugin cytohubba plug-in accord-
ing to our previous research to select a degree greater 
than twice the median degree of all nodes as the hub to 
identify the central element of the biological network 
[19].

Construction of gene enrichment analysis
In order to better understand the co-expression process 
related to hepatitis C and psoriasis, we performed Gene 
Ontology (GO) item and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment analysis of 
co-expressed genes. GO enrichment analysis provides a 
structured network of three aspects: biological process 
(BP), molecular function (MF) and cell composition (CC) 
to describe gene attributes. KEGG (http:// www. genome. 
jp/ kegg/) is a database for large-scale systematic analy-
sis of gene or protein molecular interaction networks 
[20]. DAVID bioinformatics resources include a com-
prehensive biological knowledge base and analysis tools 
designed to systematically extract biological meaning 
from large gene or protein lists [21]. We use the web-
based search engine DAVID to determine over-repre-
sented GO terms and KEGG pathways with enrichment 
scores > 2, counts > 5, and P < 0.05 threshold. Using the 
free online data analysis platform imageGP (http: //www. 
ehbio. com/ ImageGP/ index. php/ Home/Index/index.
html) tool to draw the bubble chart of the GO and KEGG 
analysis results. The important path items of KEGG have 
been mapped to the bubble chart. Larger and redder bub-
bles represent those highly abundant path items.

Results
Characteristics of included studies
After screening 1205 records from preliminary search, a 
total of 11 studies were finally included in the study [22–
32]. The study selection process is summarized using the 
PRISMA flow chart in Fig. 1. 11 studies (8 cross-sectional 
and 3 case–control) examined the association of hepatitis 
C in psoriasis patients, as shown in Table 1. Risk of bias 
assessment revealed nine studies of higher quality [23–
25, 27–32] and two studies of lower quality, as shown in 
Fig. 2A [22, 26].

Association of psoriasis with hepatitis C in studies
A total of 11 studies, including 3 case control and 8 
cross-sectional studies with 25,047 psoriasis patients and 
4,091,631 controls provided data for this outcome [22–
32].  We identified substantial statistical heterogeneity 

across these 11 studies  (I2 = 89%).  Psoriasis was associ-
ated with a significant increase of prevalent hepatitis 
C (OR 1.72;  95% confidence interval [CI] (1.17–2.52)) 
(Fig. 2B).

Candidate genes associated with hepatitis C and psoriasis
Target genes in hepatitis C and psoriasis were obtained 
from the GeneCard and DisGeNET databases (Addi-
tional file 2: Table 1–4). A total of 389 significant genes 
were common to both hepatitis C and psoriasis, which 
were associated with two diseases each other (Additional 
file 2: Table 5).

PPI network analysis
A total of 389 common potential genes associated with 
hepatitis C and psoriasis were uploaded to the STRING 
database for analysis.  The network of PPI was estab-
lished through the STRING database and the results 
were used for further analysis through Cytoscape soft-
ware (Fig.  3B).  From the analysis results, a total of 389 
nodes and 1,375 edges were acquired, and the average 
node degree is 66.94. The edges represent the association 
between a pair of action targets, the nodes represent the 
action target, and the degree value represents its action 
intensity. The top ten targets IL-6, Tumor necrosis factor 
(TNF), IL10, Signal transducer and activator of transcrip-
tion 3 (STAT3), Albumin(ALB), C-X-C Motif Chemokine 

Fig. 1 PRISMA study flowchart
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Ligand (CXCL)8, Glyceraldehyde-3-Phosphate Dehydro-
genase (GAPDH), IL4, AKT Serine/Threonine Kinase 
1 (AKT1) and Vascular Endothelial Growth Factor A 
(VEGFA) have higher degree in this process, which 
explained their significance in the network (Fig. 3C).

Gene ontology enrichment analysis
To verify whether the 389 genes are related to hepatitis 
C and psoriasis, we conducted GO enrichment analysis 
to clarify the relevant biological processes (Additional 
file 3: Table 1). The redder the color, the bigger the value 
of -log10 p-value which also means greater credibility 
and more importance.  The results of the GO analysis 

Table 1 Characteristics of included studies

Source Study location Study Design Case Group Control Group OR (95% CI)

Psoriasis cases Hepatitis C 
cases (%)

Control cases Hepatitis C 
cases (%)

Chouela et al. [22] Argentina Cross-sectional 118 (75 men, 
43 women) 
patients with 
psoriasis

9/118 (7.6%) 60,000 blood 
donors

720/60000 (1.2%) 6.79 (3.43–13.46)

Carlo et al. [23] Italy Case–control 100 patients 
with psoriatic 
arthritis

1/100 (1%) 100 patients with 
from peripheral 
osteoarthritis 
(OA) or sciatica 
due to L4 L5 or 
L5 S1 herniated 
disc (two HCV 
unrelated disor-
ders

4/100 (4%) 0.24 (0.117–0.492)

Arnon et al. [24] Israel Case–control 12,502 psoriasis 
patients

129/12502 
(1.03%)

24,287 age- and 
sex- matched 
controls

135/24287 
(0.56%)

1.86 (1.46–2.38)

Tsai et al. [25] Taiwan Case–control 51,800 Patients 
with psoriasis 
(31 923 males 
and 19,877 
females)

184/51800 
(0.36%)

207,200 Controls 
matched for 
age, sex, and 
urbanization 
level of residen-
tial area

404/207200 
(0.19%)

2.02 (1.67–2.43)

Andrade et al. 
[26]

Brasil Cross-sectional 140 patients with 
psoriasis

10/140 (7.1%) 2,675,000 people 
in the city of 
Salvador

40,125/2675000 
(1.5%)

5.05 (2.655–9.611)

Kanada et al. [27] US Cross-sectional 148 patients with 
psoriasis

1/148 (0.6%) 5717 Non-pso-
riasis

125/5717 (2.2%) 0.24 (0.03–2.01)

Brazzelli et al. [28] Italy Cross-sectional 168 patients with 
psoriasis

14/168 (7.7%) 6917 people 
from northern 
Italian towns

221/6917 (3.2%) 2.75 (1.57–4.83)

Shinichi et al. [29] Japan Cross-sectional 717 (482 men, 
235 women) 
patients with 
psoriasis

54/717 (7.5%) 38,057 (17,926 
men and 
20,131 women) 
patients with 
other dermato-
logical diseases

1239/38057 
(3.3%)

2.42 (1.82–3.21)

Randa et al. [30] Egypt Cross-sectional 100 Patients with 
psoriasis

19/100 (19%) 200 healthy 
volunteers

17/200 (8.5%) 1.14 (0.56–2.35)

Orrell et al. [31] US Cross-sectional 2590 people with 
psoriasis

34/2590 (1.3%) 112,265 people 
without pso-
riasis

1830/112265 
(1.6%)

0.8 (0.57–1.13)

Noe et al. [32] UK Cross-sectional 188,664 Patients 
with mild 
psoriasis

320/188664 
(0.17%)

961,888 matched 
controls

1154/961888 
(0.12%)

1.88 (1.10–3.51)
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indicated that inflammatory response, immune response, 
and cellular response to lipopolysaccharide were the 
most significant terms related to hepatitis C and psoria-
sis in the BP category. Furthermore, the significant terms 
related to hepatitis C and psoriasis were cytokine activity, 
protein binding, and chemokine activity. The results of 
GO enrichment showed in Fig. 4A–C.

The KEGG pathway enrichment analysis
The KEGG pathway enrichment analysis was shown in 
Fig. 4D. Larger and redder bubbles represent the highly, 
significantly enriched pathway terms. In this study, the 
389 overlapping gene symbols were mapped to 59 path-
ways following KEGG pathway enrichment.  We sorted 
the first 25 pathways from small to large according to 
the p-value for a brief demonstration. The details of the 
KEGG pathway enrichment analysis are described in 
Additional file  3: Table  2. According to the results, an 
integrated overlapping signal pathways between psoria-
sis and hepatitis C has been constructed by the KEGG 

enrichment analysis, Of these pathways include: Immune 
system (e.g., Cytokine–cytokine receptor interaction, 
Toll-like receptor signaling pathway) (Additional file  3: 
Fig. 1), Signal transduction (e.g., Jak-STAT signaling path-
way), Inflammatory disease (e.g., Inflammatory bowel 
disease (IBD)), Human disease-bacterial infectious dis-
ease pathways (e.g., Tuberculosis), human disease-viral 
infection (e.g., Influenza A, Herpes simplex infection, 
Measles), human disease-parasitic infectious disease 
pathway (e.g., Leishmaniasis, Chagas disease (American 
trypanosomiasis)). These signal pathways can affect the 
immune response, inflammatory response.

Discussion
To our knowledge, this study is the first meta-analysis 
to examine the association of psoriasis with hepatitis C. 
The high risk of bias in the study is mainly related to 
the failure to consider many confounding factors that 
affect the results of the trial, but these confounding 
factors will not affect the positive correlation between 

Fig. 2 A Risk of bias assessment of included observational studies based on customized Newcastle–Ottawa Scale. B Forest plots showing 
significant prevalence of hepatitis C in psoriasis patients (odds ratio = 1.72, 95%, confidence interval 1.17 to 2.52)
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the two diseases. We found that patients with psoriasis 
were prone to have comorbid hepatitis C. The evidence 
from case control/ cross-sectional studies indicates that 
patients with psoriasis had 1.72-fold increased odds of 
developing hepatitis C when compared with controls. 
However, the exact pathway leading to concurrence of 
both psoriasis and hepatitis C remains unclear, in the 
present study,  we use an integrative system bioinfor-
matics approach to clarify the relationship between 
psoriasis and hepatitis C, and elucidate a more exact 
mechanism that links these two conditions.

The results showed that 398 overlapping gene targets 
were obtained through PPI analysis, such as IL6, TNF, 
IL10 and other immune-related inflammatory factors. 
Many previous studies have shown that psoriasis is an 
immune-related disease based on T lymphocytes, which 
is mainly manifested in the imbalance of the balance 
between different cytokines and the imbalance of com-
plex interactions in tissue disease [33]. It is well known 

that the inflammatory state associated with hepatitis C 
virus infection not only affects the liver, but also affects 
the entire complicated body system [34].

There are many typical pathways and molecular expres-
sions upregulated in the skin of psoriatic lesions, includ-
ing TNF/IL23/IL17A pathway, TNF, IL1A, IL1B, IL6, 
IL12B, IL17C, IL23A, IL36A, IL36B, IL36G, CXCL1, 
CXCL2, CXCL8, CXCL9, CXCL10, Cathelicidin (CAMP) 
and Interferon-β (IFNB) [35–45]. The occurrence, devel-
opment and chronic recurrence of psoriasis are mainly 
due to the fact that these cells/chemokines and antimi-
crobial peptides promote the proliferation of keratino-
cytes and recruit pathogenic T cells and neutrophils 
[35–45].

Cytokines play a key role in the immune response to 
mediate disease progression and viral infection [46]. 
Infection with hepatitis C virus can lead to a systemic 
increase in the production of a variety of inflamma-
tory cytokines, especially interleukin-6 (IL6) and tumor 

Fig. 3 A The 389 overlapping genes between hepatitis C and psoriasis. B The results of hub nodes in current protein–protein interaction (PPI) 
network, the red square represented the top 10 targets, the line between two nodes represented the interaction. C The ranking of top 10 hub 
nodes based on degree. From red to yellow represented a decline in importance
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necrosis factor-a (TNF-α). Tumor necrosis factor is a key 
member of the tumor necrosis factor receptor superfam-
ily (TNFSF), which is produced by the activation of mac-
rophages caused by tissue damage [47, 48].

As a new type of therapy for psoriasis, biological ther-
apy is more effective than traditional drugs, and it is 
safer and can significantly improve the quality of life of 
patients with psoriasis [49]. But the use of TNF-α inhibi-
tors and other biological agents in patients with hepa-
titis C virus infection may activate viral replication and 
aggravate the condition of hepatitis C patients. However, 
some cases report and small retrospective cohort stud-
ies have found TNF-α inhibitors, especially etanercept. 
Generally speaking, there is no or very little risk of HCV 
activation. However, some guidelines suggest that der-
matologists should cooperate with hepatologists to com-
prehensively manage patients with psoriasis associated 
with hepatitis C virus infection, and when using TNF-α 
inhibitors, it is necessary to use HCV-RNA and alanine 

aminotransferase (ALT) detection methods to monitor 
the hepatitis C status [49–51].

Toll-like receptors (TLR) are a group of evolution-
ary conserved pattern recognition receptors, which are 
found on innate immune cells in a variety of organisms 
[52]. TLR is the initiator of inflammation and can pro-
mote host defense, trigger signal transduction pathways, 
activate transcription, and synthesize pro-inflammatory 
cytokines and other proteins. There are 11 types of TLRs 
that have been discovered so far [53–55]. These cytokines 
recruit neutrophils and macrophages to the injury site, 
which activates the inflammatory cascade in turn [56, 57]. 
Hepatitis C virus can evade innate immune response by 
blocking the Toll-like receptor 3 (TLR3)-mediated inter-
feron signaling via NS4B-induced TRIF degradation [58]. 
Toll-like receptor 4 (TLR4) can induce innate immune 
response in chronic inflammation in patients chronically 
infected with HCV [59]. Sobia et al. provided the founda-
tion and proposed the use of TLR4 inhibitors in patients, 

Fig. 4 Gene ontology (GO) term enrichment including A biological process (BP), B cellular component (CC) and C molecular function (MF) 
enriched by hub genes, respectively. D Kyoto Encyclopedia of Genes and Genomes (KEGG) for hub genes
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who were previously resistant to INF-α ribavirin com-
binational therapy and treatment-naive patients, along 
with direct acting antivirals (DAAs), to reduce liver tissue 
damage [59].

The expression of Toll-like receptor 2(TLR2) and TLR4 
in the outer keratinocytes and peripheral blood mono-
nuclear cells of patients with psoriasis is increased [60, 
61]. There is also an association between chronic plaque 
psoriasis and psoriatic arthritis with polymorphisms in 
TLR4 [62]. A recent study found that epidermal infiltra-
tion of neutrophils drives the inflammatory response in 
the skin by activating epidermal TLR4-IL36R crosstalk in 
a psoriasis-like mouse model induced by imiquimod [63].

Glycyrrhizic acid (GA), a triterpene isolated from the 
roots and rhizomes of licorice, named GA, is the princi-
pal bioactive ingredient of anti-viral, anti-inflammatory 
and hepatoprotective effects, and can also strongly atten-
uate the inflammatory response induced by TLR3 and 
TLR4 ligands [64]. Compound glycyrrhizin can be used 
to treat psoriasis [65]. Ashfaq et al. [66] illuminated that 
GA can inhibits HCV core gene expression or function 
and has a cooperative effect with INF. GA can reduce the 
level of transaminase in patients with hepatitis C, and the 
cancer rate of chronic hepatitis C patients with long-term 
formulation treatment is significantly reduced [67].

Since there is no cohort study, it is difficult to explore 
the causal relationship between hepatitis C and psoria-
sis. Therefore, the quality of evidence may be limited. In 
addition, as mentioned earlier, although hepatitis C and 
psoriasis may have a similar pathogenesis, it is difficult to 
determine whether there is a direct relationship between 
the two. In addition, we did not include subtypes of pso-
riasis because our goal is to reduce the heterogeneity of 
the data. In addition, these studies did not provide infor-
mation to describe the risks of different ages, genders, or 
disease severity.

Our research suggests a relationship between hepati-
tis C and psoriasis. In order to further study this finding 
and establish stronger results, more large-scale prospec-
tive studies are needed to provide more detailed infor-
mation about the link between hepatitis C and psoriasis. 
The prevalence of hepatitis C is increased in patients with 
psoriasis, and clinicians should be aware of this possibil-
ity. Targeted TLRs therapy may be helpful for the clinical 
treatment of psoriasis complicated by hepatitis C.

Conclusion
Our study confirms that psoriasis is related to hepati-
tis C for the first time, but the direction of this asso-
ciation needs more large-scale prospective cohort 
studies to clarify. We have also determined that this 
connection may be related to targets such as IL-6, TNF, 

interleukin-10 (IL10), signal transducer and activator of 
transcription 3 (STAT3), albumin(ALB), etc. and various 
biological pathways such as Cytokine–cytokine recep-
tor interaction, Toll-like receptor signaling pathway, etc. 
These research results provide data and basis for further 
discussion of its mechanism of action.
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