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Abstract
The liver has a central role in regulating inflammation 
by its capacity to secrete a number of proteins that 
control both local and systemic inflammatory respons-
es. Chronic inflammation or an exaggerated inflamma-
tory response can produce detrimental effects on target 
organs. Chronic hepatitis C virus (HCV) infection causes 
liver inflammation by complex and not yet well-under-
stood molecular pathways, including direct viral effects 
and indirect mechanisms involving cytokine pathways, 
oxidative stress and steatosis induction. An increasing 
body of evidence recognizes the inflammatory response 
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in chronic hepatitis C as pathogenically linked to the 
development of both liver-limited injury (fibrosis, cir-
rhosis and hepatocellular carcinoma) and extrahepatic 
HCV-related diseases (lymphoproliferative disease, 
atherosclerosis, cardiovascular and brain disease). De-
fining the complex mechanisms of HCV-induced inflam-
mation could be crucial to determine the global impact 
of infection, to estimate progression of the disease, and 
to explore novel therapeutic approaches to avert HCV-
related diseases. This review focuses on HCV-related 
clinical conditions as a result of chronic liver and sys-
temic inflammatory states.

© 2013 Baishideng. All rights reserved.
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Core tip: Chronic hepatitis C virus (HCV) infection 
causes liver inflammation by complex and not yet 
well-understood molecular pathways. HCV-induced 
inflammation has a significant clinical impact on devel-
opment of both hepatic disease and HCV-associated 
extrahepatic manifestations. Knowledge of the com-
plex mechanisms underlying HCV-related inflammation 
and development of disease as well as individuation of 
relevant markers of inflammation could be of impor-
tance for understanding disease progression, predicting 
prognosis and, possibly, conceiving new therapeutic ap-
proaches targeting the different steps of the inflamma-
tory response.
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INTRODUCTION
Inflammation is a crucial physiological pathway in the 
homeostatic altered response to a number of  exogenous 
distressing stimuli; however, a chronic inflammatory state 
or an excessive inflammatory response can produce del-
eterious effects. The liver plays a central role in regulating 
inflammation by its capacity to secrete a number of  pro-
teins that control both local and systemic inflammatory 
responses. A number of  liver cells, including hepatocytes, 
hepatic stellate cells (HSCs), Kuppfer cells (KCs), bile 
duct epithelial cells and sinusoidal endothelial cells, are 
implicated in the synthesis and secretion of, and response 
to, inflammatory stimuli. Systemic inflammation is medi-
ated by a number of  cytokines released by macrophages 
as well as by adipocytokines secreted from adipose tissue[1]. 
The hepatic response to inflammation is characterized by 
the release of  resident soluble mediators that also enter 
the circulation resulting in a systemic response to hepatic 
injury. 

Chronic hepatitis C virus (HCV) infection[2] causes 
liver inflammation by complex and not yet well-under-
stood molecular pathways. HCV-induced inflammation 
has a significant clinical impact on development of  both 
hepatic disease and HCV-associated extrahepatic mani-
festations. Knowledge of  the complex mechanisms un-
derlying HCV-related inflammation and development of  
disease could be of  importance for understanding disease 
progression, predicting prognosis and, possibly, conceiv-
ing new therapeutic approaches targeting the different 
steps of  the inflammatory response. In this respect, it is 
important to underline that HCV clearance by standard 
of  care does not always mean recovery of  all associated 
pathological conditions. 

The aim of  the present study was to review the cur-
rent knowledge on the hepatic and systemic clinical im-
pact of  chronic HCV infection as a consequence of  local 
and systemic inflammation. Figure 1 schematically depicts 
HCV-related factors which give rise to inflammation and 
its associated clinical conditions.

HCV AND INFLAMMATION: ESSENTIAL 
POINTS 
HCV consists of  a single-stranded RNA genome encod-
ing a single polyprotein, which is post-translationally 
processed into single known proteins, 4 structural (C, 
E1, E2 and p7) and 6 non-structural (NS2, NS3, NS4A, 
NS4B, NS5A and NS5B)[3]. Some of  these proteins have 
a role in starting and maintaining chronic inflammation. 
NS5A, for instance, promotes inappropriate upregulation 
of  cyclooxygenase-2 (COX-2)[4], which is an inducible 
COX isozyme able to contribute to chronic inflamma-
tion and fibrosis through production of  various prostag-
landins. Suppression of  COX-2 protein levels has been 
reported to be accompanied by suppression of  HCV 
replication[5].

Chronic HCV infection is characterized by the pres-

ence and activation of  inflammatory cells in the liver, 
which are responsible for the persistent inflammatory 
state contributing to liver fibrosis and damage[6,7]. In addi-
tion to local inflammation in the liver, a concomitant low-
grade systemic inflammation has been supposed in sev-
eral studies, as suggested by increased pro-inflammatory 
cytokine serum levels and activation of  blood monocytes 
in individuals with chronic HCV infection[8,9]. Moreover, 
chronic HCV infection has been associated with oxidative 
stress (OXS) activation, which may play a role in develop-
ment of  local and systemic inflammation.

Role of cytokines, proteins and oxidative stress 
A number of  proinflammatory cytokines appears to 
be activated in chronic HCV infection. The important 
role of  interleukin-1β (IL-1β) has recently been empha-
sized[10]. Specifically, HCV has been shown to induce IL-
1β production and secretion; hepatic macrophages have 
been found to produce high concentrations of  IL-1β 
within HCV-infected liver; IL-1β has been demonstrated 
to play a critical role in inducing liver inflammation and 
disease progression. HCV-activated Nod-like receptor 
P3 (NLRP3) inflammasome has been found to be able 
to induce production of  IL-1β, which, in turn, stimulates 
synthesis of  pro-inflammatory cytokines and chemo-
kines, other than gene expression linked to HCV disease 
severity[11,12].

A cross-talk between HSCs and HCV-infected he-
patocytes has been described, which appears to be a 
key point in HCV-related inflammation. HCV-infected 
hepatocytes seem to be able to ignite inflammation in 
response to HSCs. Indeed, in in vitro co-cultures of  
HCV-infected hepatocytes and HSCs, IL-1β secreted by 
HSCs was shown to induce production of  several pro-
inflammatory cytokines and chemokines, such as IL-6, 
IL-8, and macrophages inflammatory proteins (MIP-1α 
and MIP-1β), by hepatocytes[13]. Moreover, HCV-related 
proteins (NS3, NS4, NS5) have been reported to trigger 
human KCs to produce inflammatory cytokines such as 
tumor necrosis factor-α (TNF-α) and IL-1β[14].

Hyperproduction of  certain cytokines may cause un-
balance leading to specific consequences in the short and 
long term period. For instance, a higher TNF-α/IL-10 
ratio has been found in patients with severe liver disease 
and hepatocellular carcinoma (HCC)[15]. Furthermore, a 
significant correlation between TNF-α and the degree 
of  hepatic inflammation, expressed as histologic activity 
index (HAI), has been reported; likewise, TGF-β levels 
have been found to be significantly correlated with his-
tologic fibrosis score[16]. TNF-α and TGF-β levels have 
been found to be simultaneously increased according to 
the severity of  inflammation and fibrosis[17]. 

HCV has also been shown to activate toll-like recep-
tors (TLRs), molecules implicated in the production of  
proinflammatory cytokines in the cells of  innate im-
munity. Specifically, HCV core protein and NS3 protein 
have been demonstrated to activate TLR2[18,19]. TLRs 
activate, in turn, NF-κB with subsequent transcription of  
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inflammatory genes. Recent data have revealed increased 
expression of  microRNA-155 and TNF-α production 
in monocytes, following TLR4 and TLR8 stimulation by 
HCV core, NS3, and NS5 proteins in chronic HCV in-
fection[20].

In patients with chronic hepatitis C (CHC), intestinal 
bacterial overgrowth has been reported, which is usually 
followed by bacterial translocation and elevated blood 
concentrations of  endotoxin (LPS)[21]. LPS induces lo-
cal and systemic inflammation and is associated with 
progression to end-stage liver disease. Indeed, HCV-
infected patients have been shown to harbor high plasma 
levels of  LPS, intestinal fatty acid binding protein (a 
marker of  enterocyte death), sCD14 (produced by LPS-
activated monocytes) and IL-6. Markers of  inflammation 
are remarkably elevated in individuals with severe disease 
than in those with minimal fibrosis[21]. TNF-α, one of  
the main cytokines produced following LPS stimulation, 
seems to be able to induce liver damage by TNF-receptor 
1-mediated apoptosis[22]. Moreover, HSCs, which also 
express functional receptors for both bacterial endotoxin, 
including TLRs (particularly TLR4), and peptidoglycan 
recognition proteins, are able to develop a pro-inflamma-
tory phenotype following LPS exposure[23]. 

CHC infection has been found to be associated with 
both hepatic and systemic OXS. Increased OXS in hepa-
titis C has been observed to be significantly linked to 
chronic inflammation[24,25], although iron overload, liver 
damage, and proteins encoded by HCV may also play a 
part. In CHC, OXS results from loss of  equilibrium be-
tween reactive oxygen species (ROS) and antioxidant de-
fense. ROS and reactive nitrogen species (RNS) are criti-
cally involved in the creation of  oxidative stimuli required 
for physiologic hepatocyte homeostasis[26]. OXS-induced 
damage affects hepatocytes, endothelial cells, KCs, and 

HSCs through inflammation, ischemia, apoptosis, necro-
sis and regeneration[27,28]. ROS play an important role in 
fibrogenesis through increased proliferation of  hepatic 
stellate cells as well as TGF-β and collagen synthesis[29]. 
Moreover, ROS interfere with repair of  damaged DNA, 
thus making cells more susceptible to spontaneous or 
mutagen-induced alterations[30]. Increased ROS/RNS 
levels are associated with decreased antioxidant levels. 
Therefore, increased production of  reactive oxygen and 
nitrogen species, along with decreased antioxidant de-
fense, favor development and progression of  hepatic and 
extrahepatic complications of  HCV infection.

A meaningful role for liver steatosis as “contact 
point” between OXS and liver damage in CHC patients 
infected by HCV genotype non-3 has been demonstrat-
ed[31]. Hepatic steatosis is a striking feature of  HCV infec-
tion, having been reported in more than 50% of  HCV-
infected patients[32]. Both HCV and metabolic conditions, 
e.g., visceral obesity and insulin resistance (IR), play a 
role in the development of  steatosis[32]. Recently, we have 
demonstrated that genetic and antropometric host factors 
may also be implicated in the development of  steatosis 
in CHC patients. Indeed, the patatin-like phospholipase 
domain-containing 3 gene (PNPLA3) p.I148M polymor-
phism has been reported to influence the development 
of  liver steatosis[33,34]; on the other hand, visceral obesity 
can increase the association between PNPLA3 p.I148M 
with liver steatosis[34]. 

Role of obesity, steatosis, insulin resistance and can-
nabinoid receptors
Obesity and liver steatosis are commonly observed 
among patients with CHC and are risk factors for both 
inflammation and increased hepatic fibrosis. Obesity is 
associated with a low-grade, chronic inflammatory re-
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Figure 1  Factors associated with hepatitis C virus 
infection that contributes to the chronic inflamma-
tion and its involvement in hepatic and extrahepatic 
clinical conditions. HCV: Hepatitis C virus; HCC: He-
patocellular carcinoma.
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ally, increased generation of  reactive species triggers a 
signaling cascade capable to alter the activity of  insulin 
receptor substrates, leading to IR[45]. 

Cannabinoid receptors (CB) are found in high con-
centration in many organs, including the liver. There 
are two G protein-coupled CB, CB1 and CB2[46]. CB1 is 
found in high concentration in the brain, but is also pres-
ent in many peripheral tissues such as the liver, adipose 
tissue, and gut. CB2 is found primarily in the immune 
system, but is also expressed in peripheral tissues includ-
ing the liver[47]. Recent studies have suggested involve-
ment of  the endocannabinoid system in liver diseases. 
Specifically, CB1 seems to be upregulated in patients with 
CHC[48], while CB2 seems to have hepatoprotective prop-
erties in alcoholic liver disease[49] and in obese children[50]. 
Recently, we have evaluated the role of  a functional poly-
morphism of  the cannabinoid receptor type 2 in a cohort 
of  CHC patients[51]. Our data demonstrated that HCV 
patients carrying the CB2-63 QQ variant polymorphism 
had advanced liver disease, higher serum ALT values, 
and higher necroinflammatory activity than those with 
the CB2-63 RR and QR variants. Moreover, the CB2-63 
QQ variant and fibrosis score were identified as inde-
pendent factors associated with higher scores of  necro-
inflammatory activity (HAI > 8). Thus, the data suggest 
that the CB2-63 QQ variant is associated with more 
severe hepatic necroinflammation in anti-HCV-positive 
patients, thus confirming a role for the CB2 receptor in 
HCV-associated inflammation and cellular proliferation 
as well[51].

HCV, INFLAMMATION AND LIVER 
DAMAGE
Fibrosis progression
When inflammation fails to resolve an acute infection 
and chronic inflammation ensues, this process can lead 
to accumulation of  fibrotic tissue. Fibrosis can be con-
sidered the result of  unbalanced extracellular matrix 
production and degradation; its generation involves 
complex mechanisms including fibrogenesis, prolifera-
tion, contractility, chemotaxis, matrix degradation, and 
cytokine release[52].

The majority of  the studies carried out in CHC pa-
tients have identified hepatic inflammation as the key 
pathological substrate driving fibrosis development[53]. 
On the other hand, therapeutic amelioration of  hepatic 
inflammation in CHC has been associated with decreased 
fibrosis progression[54].

Mechanisms involved in the interrelationship between 
inflammation and fibrosis are complex and not com-
pletely understood. Cytokines play an important role in 
inflammation, regeneration, and fibrosis during chronic 
HCV infection; availability of  cytokine patterns reflecting 
different stages of  liver disease would be extremely useful 
in the clinic. In this regard, hepatocyte growth factor is 
a specific marker of  liver cirrhosis[55]. Other proinflam-
matory small molecules, like ROS and other insoluble 

sponse that may contribute to pathogenesis of  obesity-
related comorbidities. Obesity and steatosis are associated 
with increased expression of  typical inflammatory mark-
ers, such as IL-6 and TNF-α[35]. Hepatic TNF-α has been 
correlated with increased inflammatory activity, hepatic 
fibrosis, and liver injury in chronic HCV[35]. In obese-
HCV subjects, an enhanced T helper-1 cytokine profile 
has been associated with hepatocellular injury; accord-
ingly, an increased expression of  T cell chemoattractants 
(IP-10 and MCP-1) in the liver of  obese HCV subjects, 
along with increased inflammatory cell recruitment and 
CD3 expression, have been reported[36].

Visceral obesity plays an important role in the regula-
tion of  glucose and lipid metabolism in CHC patients. 
In obese HCV-infected patients, elevated levels of  pro-
inflammatory cytokines (namely, TNF-α and IL-6), able 
to inhibit insulin signalling, and reduced adiponectin 
levels[37], with consequent development of  liver steatosis 
and IR, have been reported. Obesity has also been as-
sociated with increased liver fibrosis and poor response 
to antiviral treatment[38]. HCV also works by promoting 
the development of  steatosis. Experimental models have 
demonstrated that expression levels of  HCV core protein 
have profound effects on liver inflammation, steatosis 
and fibrosis[39]. Generally, IR precedes and has a key role 
in the development of  hepatic steatosis in HCV infec-
tion. IR induces steatosis by overflow of  substrates to 
the liver, increased de novo lipogenesis, and decreased fatty 
acid oxidation. 

Steatosis has been associated with increased produc-
tion of  reactive oxygen species, which promotes lipid 
peroxidation and resulting hepatic stellate cell activation. 
Moreover, steatosis-induced hepatic inflammation has 
been shown to increase production of  several proinflam-
matory and profibrotic cytokines. In addition, steatosic 
liver is more sensitive to TNF-α-mediated inflammation, 
liver injury, and apoptosis[40].

The mechanisms by which HCV-associated steatosis 
induces fibrosis are complex and not fully understood. 
OXS, proinflammatory cytokines, IR, and apoptosis seem 
to play an important role in the development of  fibro-
sis associated with steatosis. Several reports, including 
a meta-analysis, have demonstrated that increased liver 
inflammation was associated with accelerated fibrosis in 
HCV patients with steatosis[41].

HCV infection portends an increased risk to develop 
type 2 diabetes (DM). HCV-infected patients with DM 
generally harbor a more severe chronic hepatitis and have 
a higher risk of  developing hepatic cirrhosis and its com-
plications (i.e., hepatic encephalopathy, ascites), a shorter 
life expectancy, and a higher risk of  HCC[42]. During IR, 
several inflammatory cytokines and lipid metabolites, 
such as free fatty acids, interfere with normal insulin sig-
naling and promote DM[43]. TNF-α has been identified 
as the key molecule promoting development of  IR and 
diabetes during HCV infection[44]. In addition, TNF-α is 
known to increase ROS production; hyperglycemia has 
also been recognized as a factor leading to OXS; eventu-
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mediators, such as the hepatic neomatrix during wound 
healing, appear to play a role in the development of  liver 
fibrosis[29].

Hepatic inflammation mediates fibrogenesis also in 
patients with liver steatosis and CHC. In a meta-analysis 
including large and geographically different groups of  
CHC patients, steatosis was confirmed to be significantly 
and independently associated with progression of  hepatic 
fibrosis through liver inflammation[41].

The role of  miR-122 in CHC progression has been 
recently described. Circulating miR-122 serum levels ap-
peared to be elevated at early stages of  disease with high 
inflammatory activity and low fibrosis levels, while they 
decreased in the presence of  severe fibrosis, probably due 
to loss of  liver cells[56].

Genetic factors have been hypothesized to favor de-
velopment and progression of  fibrosis. In chronic HCV 
infection, a higher frequency of  gene polymorphisms 
for key inflammatory mediators has been found in as-
sociation with advanced disease[57]; specifically, definite 
polymorphisms in CCR5, RANTES, and MCP-1 alleles 
may predispose CHC patients to a higher degree of  liver 
inflammation and advanced fibrosis[58,59]. COX-2 has too 
been found involved in inflammation; its -1195GG geno-
type has been recognized as a genetic marker for liver 
disease progression in Japanese patients with CHC[60].

HCC development
Chronic HCV infection is a major risk factor for HCC 
development worldwide. CHC can progress to HCC 
through fibrosis and cirrhosis. HCC is the 3rd leading 
cause of  cancer death worldwide; it typically arises in pa-
tients with chronic inflammation and cirrhosis in 90% of  
cases[61].

At present, a large body of  data links HCV infection, 
inflammation, free radical production, and carcinogenesis 
in CHC patients[62-66].

Although HCC pathogenesis in the setting of  HCV 
infection has been subjected to extensive investigations, 
no conclusive data are available. However, both HCV-
induced chronic inflammation and cytokines, involved in 
fibrosis development and liver cell proliferation, are con-
sidered as major pathogenic mechanisms. In contrast to 
HBV, HCV does not integrate into the host genome and 
does not have a reverse transcriptase. In infected subjects, 
both viruses are known to trigger an immune-mediated 
inflammatory response which either clears infection or 
slowly destroys the liver[67]. Thus, HCV can be carcino-
genic by damaging liver tissue through chronic inflamma-
tion. This latter condition predisposes susceptible cells to 
neoplastic transformation. 

During inflammation, a variety of  proinflammatory 
cytokines, chemokines, growth factors and inflammatory 
enzymes are released[68]. Inflammation may induce cellular 
DNA mutations through oxidative/nitrosative stress[30]. 
Free radical production and oxidative genomic injury trig-
ger the cascade of  epigenetic (altered DNA methylation), 
genomic (mutations), and post-genomic (protein oxida-
tion and cytokine synthesis) events leading to HCC[69]. 

Initially, ROS interact directly with DNA, damaging 
specific genes controlling cell growth and differentiation, 
cell cycle, apoptosis, lipid peroxidation and DNA damage 
repair[70,71]. Moreover, HCV-infected patients have been 
shown to display increased lipid peroxidation levels[72]. 
An increased oxidative stress gene response in patients 
with HCV-related fibrosis and cirrhosis has also been 
demonstrated by microarray and proteomics studies[73]. 
Thus, during chronic HCV infection, increased ROS, in 
part due to inflammation, may impair repair of  damaged 
DNA, resulting in higher cell susceptibility to genetic 
alterations; this promotes the development and progres-
sion of  HCC[69,74]. Inflammatory cells have been reported 
to release cytokines, chemokines, nitric oxide, particularly, 
an inducible isoform of  nitric oxide synthase (iNOS), 
and NO-derived RNS, which too can cause DNA dam-
age and cellular proliferation[75-77].

Chief  elements linking inflammation to cancer 
through oxidative/nitrosative stress appear to be pros-
taglandins and cytokines. Capone et al [78] evaluated the 
serum levels of  50 different cytokines, chemokines, 
and growth factors in 26 patients affected by HCC 
superimposed on chronic HCV hepatitis and liver cir-
rhosis. A number of  proinflammatory molecules (IL-
1α, IL-6, IL-8, IL-12p40, GM-CSF, CCL27, CXCL1, 
CXCL9, CXCL10, CXCL12, β-NGF) were found to be 
significantly increased in HCC patients compared to 
healthy controls. Interestingly, IL-8 and IL-6 concentra-
tions were demonstrated to significantly correlate with 
a larger tumor burden[78].

HCV, INFLAMMATION AND SYSTEMIC 
CLINICAL CONDITIONS
HCV and lymphoproliferative diseases
HCV tropism for lymphatic tissue has been conclusively 
demonstrated. Since infected lymphocytes constitute the 
main reservoir of  the virus, this could explain the devel-
opment of  several lymphoproliferative disorders. Mixed 
cryoglobulinemia (MC), a B-cell lymphoproliferative 
disease, has been commonly reported in association with 
chronic HCV infection; it may progress to overt lympho-
ma in some subjects. 

MC is featured by the presence of  serum cryoglobu-
lins, i.e., immunoglobulins (Igs) capable to reversibly 
precipitate at low temperatures and to form immune 
complexes consisting of  complement, monoclonal and 
polyclonal Igs (type Ⅱ MC), or polyclonal Igs (type Ⅲ 
MC), with specificity against HCV antigens. Monoclonal 
IgM with rheumatoid factor (RF) activity is typically de-
tected in type Ⅱ MC. Viral antigens and HCV-RNA have 
been consistently isolated from immune complexes, thus 
confirming the role of  the virus in MC pathogenesis[79-81]. 

Cryoglobulinemia may cause vasculitis due to precipi-
tation of  cryoglobulin-containing immune complexes 
in small- and medium-sized blood vessels. Plugging and 
thrombosis of  small vessels and a systemic inflammatory 
syndrome are responsible for the many clinical signs and 
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symptoms of  MC, including livedo, purpura (particularly 
on dependent areas), ulcers, arthralgia, arthritis, etc. Vas-
culitis may also involve the kidneys, the gastrointestinal 
tract, the peripheral nervous system, and/or other body 
compartments. 

Cryoglobulins are detectable in about 50% of  CHC 
patients; symptomatic disease is usually limited to about 
15% of  cases. However, symptomatic MC has been 
found to be associated with a poor prognosis[82]; about 
10% of  patients are prone to develop B-cell malignancies, 
especially B-cell non-Hodgkin lymphoma[83-85]. 

Mechanisms responsible for progression of  HCV 
infection to cryoglobulinemia and other lymphoprolif-
erative disorders are still unknown. Cryoglobulins result 
from a complex interaction between the virus and the 
host. In this regard, HCV core protein has been hypothe-
sized to play an important role, having been found within 
the cryoprecipitate[79,86]. Indeed, HCV core protein has 
been reported to interact with the globular domain of  
C1q complement receptor, suggesting a role in comple-
ment activation[87,88]. Specifically, HCV core protein may 
be hypothesized to boost inflammation by enhancing 
complement activation. Finally, certain motifs on HCV/
E2 glycoprotein and HCV/NS3 region have been pro-
posed to act as molecular mimickers of  specific Ig por-
tions[89,90]. 

HCV, atherosclerosis, and cardiovascular diseases
An association between chronic HCV infection and ath-
erosclerosis has been frequently reported in the litera-
ture[91-94]. Chronic HCV infection has also been reported 
in association with coronary artery disease[94-96] and 
stroke[97].

As previously stated, HCV infection is known to 
promote immune stimulation, cytokine production, and 
chronic inflammation[98,99]. HCV has been described to 
be able to create an inbalance between Th1 and Th2 
cytokines, thus altering the equilibrium between cellular 
immunity, promoted and maintained by IL-2, TNF-α and 
interferon γ (IFN-γ), and humoral immunity, sustained by 
IL-4, IL-5, IL-6 and IL-10[100]. HCV-driven prevalence of  
inflammatory cytokines can be supposed to contribute 
to development of  cardiovascular disease due to several 
effector mechanisms, including enhancement of  intracel-
lular adhesion molecules, expression of  anti-endothelium 
antibodies, and generation of  OXS and IR[91].

Recently, the interrelationships between HCV infec-
tion, atherosclerosis, and immune response have been care-
fully examined. In the Heart and Soul Study[101], patients 
with HCV infection were demonstrated to have higher 
TNF-α levels and a higher risk of  cardiac failure and death 
than patients without HCV infection. Mostafa et al[102] 
found a more pronounced intima-media thickness in 
HCV-positive patients than controls; Olivera et al[103] 
reported an intermediate cardiovascular risk, as mea-
sured by the Framingham score, a higher levels of  pro-
inflammatory cytokines (IL-6 and TNF-α), and a higher 
ratio of  proinflammatory/anti-inflammatory cytokines 

(TNF-α/IL10 and IL-6/IL-10) in non-obese, non diabetic, 
HCV-infected patients with respect to controls[103]. 

Cytokine imbalance has also been associated with 
development of  IR in HCV-infected patients. A high 
TNF-α/adiponectin ratio has been found correlated with 
IR and atherosclerosis development[104]. Moreover, el-
evated levels of  inflammatory biomarkers, such as matrix 
metalloproteinase-9, intercellular adhesion molecule-1, 
and oxidized low-density lipoproteins, have been ob-
served in patients with CHC. Besides the role of  HCV in 
the development of  chronic inflammation involving the 
arteries, HCV RNA sequences and intermediate replica-
tive forms have been detected within carotid plaques, 
thus suggesting in situ viral replication and consequent lo-
cal pro-atherogenic action[105,106].

A histological feature of  CHC is liver steatosis[32]. As 
for nonalcoholic fatty liver disease (NAFLD)[107-109], HCV-
related steatosis can be considered a cardiometabolic risk 
factor[94]. Patients with chronic HCV infection have been 
shown to have a higher prevalence of  carotid atheroscle-
rosis than both healthy controls and NAFLD patients; 
moreover, it may detect at a younger age, particularly 
in the presence of  liver steatosis. Indeed, like steatosis, 
HCV viral load has been found to be independently as-
sociated with carotid atherosclerosis[94]. In HCV patients, 
atherosclerosis was shown to be independently associated 
with elevated systemic inflammatory markers, such as C 
reactive protein and fibrinogen[94]. HCV and HCV-related 
steatosis have been hypothesized to favor the develop-
ment of  atherosclerosis independently of  known risk 
factors such as hypercholesterolemia, smoking and hyper-
tension, through multiple cardiometabolic risk factors, in-
cluding inflammatory cytokines, hyperhomocysteinemia, 
hypoadiponectinemia, IR, and features of  the metabolic 
syndrome[94]. Indeed, HCV patients have been reported 
to have high levels of  hepatic and systemic markers of  
inflammation, particularly ESR, CRP, fibrinogen, and 
N-terminal pro-brain natriuretic peptide[110]. Overall, 
available data point to chronic HCV infection as a factor 
capable to increase the risk of  atherosclerosis and vascu-
lar disease through systemic inflammation[110-113].

HCV and brain diseases 
About 50% of  patients with HCV infection suffer from 
neuropsychiatric symptoms, “brain fog”, weakness, fa-
tigue, along with some degree of  quality of  life impair-
ment, regardless of  liver disease severity[114]  and HCV 
replication[115]. A direct effect of  HCV on the brain or 
neurotoxic effects of  HCV-related systemic inflammation 
have been hypothesized.

HCV neuroinvasion has been described[116,117], which 
could be the cause of  neurological disturbances in HCV 
patients. Evidence suggests that the brain, but not the 
peripheral nerves or skeletal muscles, is a permissive 
site for viral replication, as inferred by the detection of  
replicative intermediate forms of  HCV RNA and viral 
proteins within the central nervous system[118]. Additional 
mechanisms, contributing to neurological dysfunction, 
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are possibly related to the effects of  circulating inflam-
matory cytokines and chemokines reaching the brain 
through an altered blood-brain barrier[119]. Evidence for 
a direct role for peripheral proinflammatory cytokines 
in determining impairment of  neurocognitive function 
has been obtained from animal models. Specifically, 
increased peripheral IL-1 and IL-6 have been found to 
correlate with increased levels of  the same cytokines in 
the prefrontal cortex and hyppocampus[120]. HCV within 
the brain seems to be able to also induce a local inflam-
matory response, since macrophages infected in vitro with 
HCV are able to produce TNF-α and IL-8[121-123].

Neurologic alterations during HCV infection include 
a broad spectrum of  manifestations, ranging from cere-
brovascular events to autoimmune syndromes. In HCV 
infected patients, acute cerebrovascular events, such as 
ischemic stroke, transient ischemic attacks, lacunar syn-
dromes have been reported, particularly in cryoglobulin-
emic patients[124-127].

A consistent proportion of  HCV-infected patients 
complain of  chronic depression and anxiety. Moreover, 
about 15% of  patients suffer from recurrent depres-
sion[128]. At present, definitive conclusions regarding 
the pathogenesis of  cognitive dysfunction, fatigue, and 
depression in chronic HCV infection cannot be drawn. 
Many studies seem to suggest a possible direct role for 
HCV, due to its ability to replicate within the brain[118]. In 
addition, brain microvascular endothelial cells have been 
recently demonstrated to support HCV tropism and 
replication. HCV has been shown to induce apoptosis 
in these cells, with consequent alterations in the blood-
brain barrier, microglia activation, and, eventually, diffu-
sion of  inflammatory cytokines and chemokines into the 
brain[129].

HCV AND INFLAMMATION: 
THERAPEUTIC PERSPECTIVES
Because of  the role of  inflammation in the progres-
sion of  CHC and its systemic manifestations, an anti-
inflammatory approach to control and eventually arrest 
disease would result theoretically useful. For instance, 
interruption of  COX-2 signaling seems to be a possible 
approach for controlling HCV replication and associated 
diseases[6,130]. In this regard, non-toxic concentrations of  
aqueous extracts of  the edible seaweed Gracilaria tenuistipi-
tata have been successfully tried in vitro[130].

Considering the effects of  LPS on circulating mono-
cytes and resident KCs, attenuation of  microbial trans-
location and its inflammatory consequences may be 
deemed advantageous to improve clinical outcome in 
HCV infection[21].

Therapy for cryoglobulinemia should encompass three 
objectives: elimination of  HCV infection, control of  B 
lymphocyte proliferation, and symptomatic treatment of  
immune-complex disease. Standard of  care for HCV treat-
ment with pegylated interferon plus ribavirin should be 
considered as the first-line therapeutic option in patients 
with mild to moderate HCV-related MC; a prolonged 

treatment (up to 72 wk) may be considered in the case of  
virological non-responders showing clinical and laboratory 
improvements. Rituximab (RTX), a chimeric moAb spe-
cific for CD20 antigen used for treatment of  autoimmune 
and lymphoproliferative disorders, should be considered in 
patients with severe vasculitis and/or skin ulcers, peripheral 
neuropathy, or glomerulonephritis[131]. In a recent study 
carried out in patients with HCV-related cryoglobuline-
mia, triple therapy with pegylated IFN-α, ribavirin, and 
RTX was shown to yield a a complete response in 54.5% 
of  patients, as opposed to 33.3% in those who received 
only pegylated IFN-α and ribavirin (P < 0.05)[132].

Several studies investigating the effects of  selenium, 
glycyrrhizin, polyprenoic acid, vitamin E, and vitamin C 
have demonstrated that comsumption of  higher amounts 
of  antioxidants was not associated with a decreased risk 
of  developing HCC. At present, the best strategy to pre-
vent HCC still lies in antiviral treatment of  chronic HCV 
infection[133]. In the future, novel therapeutic strategies 
targeting molecules involved in HCV-induced OXS may 
be expected to enter clinical practice as soon as these 
mechanisms will be progressively unraveled.

IL-1β is strictly involved in inflammation[134]. Drugs 
blocking IL-1β seem to be able to control inflammation 
irrespective of  the molecular pathways activated by this 
cytokine. Canakinumab, a human monoclonal antibody 
selectively specific for IL-1β, has been shown to reduce 
the levels of  many inflammatory biomarkers. Canakinum-
ab is generally well tolerated and could be theoretically 
conceived for use in the secondary prevention of  cardio-
vascular disease[134,135].

Pentoxyfilline (PTX), a nonspecific phosphodiester-
ase inhibitor with anti-inflammatory and anti-fibrogenic 
properties, has been successfully used in different models 
of  liver disease, including non-alcoholic steatohepatitis[136], 
inflammation[137], fibrosis/cirrhosis[138], alcoholic liver dis-
ease[139] and endotoxinemia[140]. Its beneficial effects have 
been associated with downregulation of  TNF-α, IL-1, 
IL-6, TGF-β, IFN-γ along with downregulation of  stel-
late cell activation, procollagen I mRNA expression[141], 
cell proliferation, and extracellular matrix synthesis[142]. 
PTX has been shown to affect the expression of  several 
pro-inflammatory cytokines in both liver and peripheral 
blood mononuclear cell of  patients with hepatitis C, par-
ticularly TNF-α and IL-1β production; thus, PXT could 
also be considered for inhibition of  inflammation in pa-
tients with CHC[143]. 

The endocannabinoid system can be considered a 
promising target for treatment of  CHC, for the reasons 
stated above[51]. Indeed, the efficacy of  peripherally re-
stricted CB1 antagonists on fibrosis has been already 
validated in preclinical models of  NAFLD. Similarly, 
CB2 receptor is currently considered as a promising anti-
inflammatory and antifibrogenic target, although clinical 
development of  CB2 agonists is still awaited[144].

CONCLUSION
A growing body of  evidence supports the essential role 
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of  CHC-related inflammation in the pathogenesis of  
hepatic and extrahepatic HCV-related disease. Defining 
the mechanisms of  HCV-induced hepatic inflammation 
is paramount for devising attractive approaches to avert 
HCV-related liver disease. The way to go is still long 
and difficult, however, understanding the pathogenesis 
of  HCV-related inflammation may help discover novel 
elements to be targeted for more effective treatment 
of  CHC and its complications. In this regard, current 
knowledge suggests exploring therapeutic options tar-
geting “inflammation” in CHC in future clinical trials, 
particularly in nonresponders to standard antiviral treat-
ment.
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