
www.bjid.com.br

BJID 2009; 13 (October) 375

Soluble Inflammatory Markers as Predictors of Hepatocellular Damage and Therapeutic Response in
Chronic Hepatitis C
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Hepatitis C is an important burden worldwide being an important cause of cirrhosis and liver cancer in different
parts of the world. Host immune response, especially T helper type 1 (Th1) cell-mediated, seems to play an important
role in disease progression but is also crucial for viral elimination following specific therapy. Immune activation
can be evaluated using peripheral levels of different cytokines, such as different chemokines (e.g. CCL5, CXCL10)
and tumor necrosis factor alpha (TNF-α), and their soluble receptors (e.g. soluble TNF-α receptors 1 (sTNF-R1) and
2 (sTNF-R2). This review article focuses on the potential use of peripheral inflammatory markers as predictors of
liver histological changes and therapeutic response among patients with chronic hepatitis C.
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Global prevalence rates of hepatitis C virus (HCV) infection
are estimated around 2% and chronic hepatitis C (CHC) is a
major cause of cirrhosis and referral for liver transplant
worldwide [1,2].

Severity of hepatocellular damage among CHC patients
varies and factors such as older age at infection, male gender
and alcohol intake are associated with greater inflammation
and fibrosis [3,4]. Coinfection with HIV [5]or hepatitis B virus
[6], steatosis [7] and insulin resistance [8] are also associated
with a more rapid progression of the disease.

Assessment of liver staging in HCV-infected patients is
essential to establish prognosis and the requirement for
antiviral therapy. Liver biopsy is currently the gold standard
for assessment of liver fibrosis but imaging techniques such
as Fibroscan and panels of biochemical/hematological markers
such as FibroTest or APRI (aspartate aminotransferase to
platelet ratio index) are gaining acceptance [9,10]. Availability
of non-invasive markers of liver fibrosis is warranted due to
discomfort and risks associated with liver biopsy.

Combined treatment with interferon and ribavirin has been
shown to interrupt fibrogenesis and even reverse liver fibrosis
when there is a sustained virologic response [11].
Unfortunately, response rates are low, especially among
genotype 1 infected patients, those at an older age or with
advanced liver fibrosis [12-15]. Identifying appropriate
candidates for treatment is well desired due to its high cost
and potentially serious adverse effects of the currently
available therapy.

The use of soluble inflammatory markers have been
examined over the past ten years as predictors of both
liver staging and response to therapy in CHC patients.
Different chemokines, tumor necrosis factor-α (TNF-α)
and TNF-α soluble receptors (sTNF-R) have been showing

promising results in this field and will be the subject of
this review.

Soluble Inflammatory Markers of Liver Disease
Hepatocellular damage in CHC patients is mainly a result

of T-helper 1 (Th1) cell-mediated immune response [16,17]
and is a major factor for liver fibrosis progression [18]. Th1
response is highly active in patients with chronic HCV infection
and CD8+ cytotoxic T lymphocytes (CTL) has a major role in
hepatocyte destruction in their attempt to clear out infection
[19,20]. Estimating the intensity of immune activation through
assessment of soluble inflammatory markers might thus help
predict liver injury.

Chemokines and Liver Disease
Chemokines is a subgroup of small cytokines involved

with leukocyte trafficking through a process called haptotaxis
where leukocytes move towards higher concentrations of
chemokines. This process is important for the regulation of
leukocyte migration into sites of infection or into lymph nodes
[21-27]. Chemokines are also involved in leukocyte activation,
lymphocyte differentiation, regulation of Th1/Th2 balance,
angiogenesis and fibrogenesis [21-27].

The more than 50 identified chemokines have been
classified into four subfamilies (CC, CXC, C, CX3C) according
to the position of a pair of cystein residues near their amino
terminus [28]. Chemokines are named according to their
subfamily followed by the letter L (for ligand) and a number
corresponding to their respective gene (e.g. CCL5 or CXCL10)
[29]. Nomenclature of chemokine receptors follow similar rules,
with the letter L substituted by the letter R (for receptor) (e.g.
CCR5, CXCR3). It is important to note that receptors are
subfamily specific but usually binds more than one type of
chemokine [29].

The two most important chemokine subfamilies are CXC
[two cysteines separated by another amino acid (X)] and CC
(two adjacent cysteines). In chronic infections, CC chemokines
are more involved with monocyte attraction whereas CXC
seems to be more important in directing migration of activated
T lymphocytes into sites of inflammation [21,30].
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As Th1 response is particularly involved in hepatocellular
damage of CHC patients, there is special interest on
chemokines responsible for the recruitment of Th1 cells into
the liver. The most important of these chemokines are CCL2
(Monocyte Chemotactic Protein-1, MCP-1), CCL3
(Macrophagic Inflammatory Protein 1 alpha, MIP-1 alpha),
CCL4 (Macrophagic Inflammatory Protein 1 beta, MIP-1beta),
CCL5 (Regulated upon Activation, Normal T Cell Expressed
and Secreted, RANTES), CXCL9 (Monokine Induced by IFN-
gamma, MIG) and CXCL10 (Interferon-gamma Inducible
Protein, IP-10). The above mentioned CCL chemokines bind
to CCR5 receptors while those CXCL chemokines bind to
CXCR3 [31].

In the liver, chemokines are mainly produced by activated
monocytes, Kupffer cells, endothelial cells and hepatocytes
[32,33]. In accordance with the predominance of Th1 driven
immune response, endothelial cells within portal tracts of HCV
infected livers secrete CCL3, CCL4 and CCL5 and infiltrating
lymphocytes express high levels of CCR5 [34]. In fact, there is
greater expression of CCR5 and also of CXCR3 on liver
lymphocytes as compared to circulating lymphocytes in
patients with cirrhosis attributed to hepatitis C [34].

Expression of these chemokines receptors in liver
lymphocytes has also been associated with hepatocellular
damage. In a recent study, Larrubia et al. showed that the
majority of CTL cells infiltrating the liver expressed a CCR5high/
CXCR3high phenotype which was associated with porto-
periportal and lobular inflammatory activity [35]. In accordance
with these findings, mutations resulting in a less functional
CCR5 were associated with less hepatic inflammation in
findings of two previous studies [36,37].

Although relevant to the understanding of the mechanisms
of liver inflammation in CHC, evaluation of chemokine
receptors profile and/or intrahepatic chemokines levels is
technically difficult to be made and cannot be widely used.
However, chemokines levels can be easily assessed in
peripheral serum or plasma using enzyme-linked
immunosorbent assays (ELISA) that are commercially
available.

Levels of peripheral chemokines usually reflect an overflow
of the production at the inflammation site and are interpreted
as proxies of local activity [38]. The role, if any, of these
circulating plasmatic chemokines in vivo is not clear. Although
they could merely represent non-functional byproducts of
local production, some authors have speculated that they
might antagonize leukocyte migration through downregulation
of chemokine receptors in peripheral lymphocytes [35] and/or
interfere with peripheral leukocyte gradient sensing [39]. This
antagonism could also be explained by the fact that circulating
chemokines become inactive after being processed and could
compete with active chemokines for binding to leukocyte
receptors [40].

Despite the uncertain role of circulating chemokines and
although their levels could reflect production outside the liver
[38], there is evidence that they can predict hepatocellular

damage in CHC patients. CXCL10 has been widely studied in
CHC and is among the most promising soluble inflammatory
markers of liver inflammation and fibrosis.

In HCV infected liver, CXCL10 is produced by lymphoid
cells, hepatocytes and endothelial cells in response to
interferon-gamma, tumor necrosis factor-alpha (TNF-α) and
to HCV proteins such as NS5A and core [41-43]. Besides
attracting monocytes and T cells, CXCL 10 also plays a role in
fibrogenesis. Hepatic stellate cells (HSC), the main cell
involved in liver fibrogenesis[44], express CXCR3 and has
been shown to migrate following a gradient of CXCL10 [45].

The association between circulating CXCL10 levels and
HCV infection was initially demonstrated in 1997 [42] in a
study that showed increased serum CXCL10 levels among
CHC patients as compared to healthy volunteers. Further
studies showed that besides being elevated [38], peripheral
(either serum or plasmatic) CXCL10 levels showed a dose-
response association with liver inflammation and fibrosis
[46,47].

Other chemokines have been studied in relation to liver
histological changes in CHC patients. Intrahepatic expression
of CXCL9, a chemokine that binds to the same receptor of
CXCL10 and has similar functions, is also increased in CHC
patients compared to a control group and correlates with liver
inflammation [34,48]. Peripheral levels of CXCL9 were also
significantly elevated among CHC patients compared to
healthy control subjects [38,46].

Peripheral levels of other chemokines from CXC subfamily,
such as CXCL8 (Interleukin-8, IL-8) and CXCL11 (Interferon-
gamma Inducible Protein-9, IP-9) are also increased among
patients with CHC [38,48]. CXCL8 expression is stimulated by
the presence of intracellular HCV non-structural proteins (e.g.
NS5A) [49] and besides acting as a proinflammatory
chemokine, CXCL8 exerts a proviral effect through
inhibition of interferon antiviral activity [50-52]. Some
authors have shown that serum CXCL8 levels increased
significantly at higher histological activity and continued
to increase in patients with cirrhosis [53,54]. More recently,
Tachibana et al. [55] also found a correlation between serum
CXCL8 levels and liver disease progression in CHC patients
particularly focusing on the presence of hepatocellular
carcinoma. These authors were able to show a significant
increase of serum CXCL8 levels among patients with
hepatocellular carcinoma, especially among those with
distant metastasis [55].

Regarding chemokines from CC subfamily, intra-hepatic
expression of CCL5 is increased, especially in periportal and
lobular areas, and their levels of expression were significantly
associated with degree of liver inflammation and
aminotransferases levels [34,48,56,57]. Serum levels of CCL5
have also been associated with liver histological activity index
(HAI) in CHC patients [53]. The importance of intrahepatic
CCL21 expression [58] and serum CCL23 levels [59] on liver
inflammation and on modulation of fibrosis has also been
demonstrated.

Soluble Inflammatory Markers in Hepatitis C
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TNF-alpha, Its Soluble Receptors and Liver Disease
Tumor necrosis factor-alpha (TNF-α) is a proinflammatory

cytokine with a major role in both acute and chronic responses
to viral, bacterial, fungal and parasitic infections [60]. TNF-α
is produced primarily by activated macrophages during the
inflammatory reaction that follows recognition of viral
antigens, but the precise stimulus for its enhanced production
in HCV infection has not been clearly defined [61].

TNF-α bioactivity is elicited through its binding to specific
cellular receptors (TNF-R), TNF-R1 (p55) and TNF-R2 (p75)
[60], that differ in molecular weight, location and function
[62,63]. TNF-R1 has ubiquitous distribution, whilst TNF-R2
presence is more restricted, being confined mainly to cells of
hematopoietic origins. TNF-R1 mediates most TNF-α-induced
cellular responses, including activation of transcription factors
like NF-κB and apoptosis [64,65].

These membrane receptors can suffer proteolytic cleavage
and become soluble receptors that bind circulating TNF-α
and inhibit its activity [66-70]. This inhibition is a result of
competition between soluble and membrane receptors for TNF-
α binding and has an important role in regulating TNF-α
bioactivity [71]. Soluble TNF receptors (sTNF-R1 and sTNF-
R2) are released from activated neutrophils, mononuclear
blood cells and fibroblasts[72-74] in response to different
substances such as bacterial or viral products, and several
cytokines (IL-10,IL-2, IL-6, GM-CSF) including TNF-α itself
[72,75-77].

TNF-α has been involved in the pathogenesis of several
liver conditions including viral hepatitis [65,78]. In patients
with hepatitis C, TNF-α is an inducer of apoptosis in infected
hepatocytes [79] and might also account for CTL damage to
nearby non-infected hepatocytes [54].

Serum TNF-α levels correlate well with its liver
immunohistochemical pattern suggesting that peripheral
levels could be used as surrogate markers of local TNF
expression in CHC patients [53]. Serum TNF-α levels are
significantly higher among patients with CHC compared to
healthy volunteers [80] and are positively associated with
aminotransferase levels [81] and both inflammation and
fibrosis in liver biopsies [82]. Even patients with mild liver
inflammation have elevated serum TNF-α levels suggesting
that this cytokine could be used as a sensitive predictor of
liver inflammation [83]. Elevated serum levels of TNF-α have
also been associated with hepatic steatosis [84], a known risk
factor for disease progression among CHC patients [85,86],
possibly due to their correlation with low levels of adiponectin,
an important regulator of hepatic lipid content [84].

Circulating sTNF-R levels seems to reflect activation of the
TNF system [87] although it is not clear whether these soluble
receptors come from liver and/or from peripheral blood
mononuclear cells [65]. As sTNF-R have higher stability and
longer half-life than those of circulating TNF they have been
considered even better markers of liver inflammatory activity [88].

In patients with hepatitis C, serum levels of soluble TNF
receptors (sTNF-R1 and sTNF-R2) were significantly higher

if compared to control subjects and were associated with
aminotransferases levels and both inflammation and fibrosis
in liver biopsies [65,89-91].

Soluble Inflammatory Markers and Treatment Response
Current standard therapy for CHC patients is based on a

combination of pegylated interferon-α (IFN-α) and ribavirin
(RBV) for 24 or 48 weeks depending on viral genotype [92,93].

Exogenous IFN-α acts similarly to its endogenous
counterpart through induction IFN-stimulated genes (ISGs)
responsible for establishing an antiviral state within the cell
[94,95]. In addition to its direct antiviral activity, IFN-α
strengthens both innate and adaptive immune response
through interaction with T lymphocytes, NK cells and
dendritic cells [95].

Ribavirin, a guanosine-analogue, seems to work as an
antiviral agent mainly by inducing HCV mutagenesis that
results in a lower replicative fitness [94]. Acting also as an
immunomodulator, ribavirin enhances Th1 cytokine secretion
altering Th1/Th2 balance in favor of a Th1 response [96].

Sustained responses (i.e. negative HCV qualitative PCR
24 weeks after the end of treatment) are observed in around
half of treated patients and many factors such as age,
genotype, viral load and body weight are related with
treatment outcome [12,13]. Outcome of HCV treatment seems
also to depend on the ability of host cellular immune response
to control viral replication. An early Th1 response is key to
viral clearance during acute HCV infection [97-99]and an
enhanced HCV-specific T-cell response is also associated with
treatment response among chronically infected patients [99-
102]. Therefore, it is reasonable to suppose that pretreatment
and on-treatment levels of cytokines, especially those
involved with Th1 response, might help predict treatment
outcome.

Chemokine Levels and Treatment Response
Chemoattraction of CTL to the liver seems essential to

HCV eradication. As chemokines regulate the movement of
leukocytes throughout the body they seem to play a key role
in treatment response.

As already mentioned, CCL3, CCL4 and CCL5, through
their interaction with CCR5 in leukocytes, are very important
to the immune response against HCV [34]. A decreased CCR5
expression reduce Th1 cytokine responses in CHC patients
[103,104] and might thus impair treatment response. CCR5
expression is up-regulated by interferon [105] and inhibited
by HCV envelope protein E2 [106].

In order to better study the CCR5 role in the treatment of
CHC patients, some studies have been conducted among
patients with mutations that preclude expression of a
functional CCR5. These studies has shown that patients with
CCR5-Delta 32 mutation were associated with a decreased
response to IFN-α monotherapy[107], although this difference
was not observed when the more potent combination of
interferon and ribavirin was used [108].

Soluble Inflammatory Markers in Hepatitis C
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CXCR3 is another receptor expressed by effector Th1 cells
[109] and an increase in CXCR3high

 CTL is associated with
sustained viral response [35]. This latter study has shown
that all patients who failed to increase CXCR3high expressing
CTL after 24 weeks of treatment also failed to achieve
sustained viral response [35].

Pretreatment peripheral levels of one of the CXCR3 ligands,
CXCL10, were inversely correlated with response to therapy
either with interferon alone [38] or in combination with ribavirin
[46,110]. The association between peripheral CXCL10 levels
and treatment outcome was shown for both standard [42] and
pegylated interferon [38,46,111,112] with higher pretreatment
levels being independently associated with poorer response
rates. The association was shown for either rapid virologic
response (RVR) and sustained virologic response (SVR)
[111,112]. Two different studies showed that CXCL10 peripheral
levels greater than 600 pg/mL yielded an overall negative
predicted value for SVR of around 80% that reached 100% in
difficult to treat patients (e.g. high body mass index and high
viral load) [111,112].

Kinetics of CXCL10 levels during treatment were also
predictors of response. Narumi et al. [42] have shown that a
reduction on CXCL10 serum levels precedes therapeutic
response and sustained responder completely normalize them.
In another study, Itoh et al. [113] showed that patients who
did not clear the HCV after treatment maintained higher serum
levels of CXCL-10 compared to virological responders even if
they were able to normalize transaminases levels after
treatment, i.e. have had a biochemical response.

Different theories had been presented to explain the
relationship between elevated levels of CXCL10 and poor
response rates. High peripheral levels of CXCL10 could impair
local CCL5 or CXCL10 gradient signaling [38] or could
downregulate CXCR5 receptors in circulating CTL [35]. A
different explanation was proposed by Diago et al. assuming
that elevated CXCL10 levels would result in accumulation of
effector T cells in the liver [110]. The selective pressure
imposed by this accumulation would foster outgrowth of
immune escape HCV mutants that could be more difficult to
eradicate with combined therapy [110].

Levels of other two CXCR ligands, CXCL9 and CXCL11,
have also been studied as predictors of treatment response in
CHC patients. Plasmatic levels of CXCL9 had a significant
decline on patients with sustained virological responses but
pretreatment levels were not associated with response rates
[38]. The same study did not show any association between
pretreatment plasmatic levels of CXCL11 and response rates
nor any changes in their levels during treatment [38].

CXCL8, a chemokine that binds to CXCR1 and to CXCR2,
is responsible mainly for neutrophils recruitment and, as
already mentioned, is involved in inhibition of interferon action.
In accordance with this inhibitory role, serum CXCL8 levels
were higher in hepatitis C patients who fail to respond to
antiviral therapy compared to patients with sustained
responses [52,114,115].

Kinetics of CC chemokines during treatment of CHC
patients has also been studied. Yamauchi et al. [59] have shown
that serum CCL23 levels increased two weeks after starting
therapy and returned to pre-treatment levels two weeks later
among responders whereas non-responder did not have any
significantly change in CCL23 levels. However, baseline CCL23
levels were similar comparing responders to non-responders
and were not useful as predictors of response [59].

The role of CCL2 and its receptor, CCR2, as predictors of
treatment response among CHC patients is less clear. One
study has demonstrated an association between kinetics of
serum levels of CCL2 and response rates [116] but other recent
study failed to show any association between CCR2 and CCL2
gene polymorphisms and sustained virological response [117]

TNF-α, Its Soluble Receptors and Treatment Response
TNF-α does not affect HCV RNA or protein synthesis

and, therefore, it does not seem to be directly involved in
HCV clearance [118]. TNF synthesis is suppressed by IFN-α
during HCV treatment [119] and the inhibition of TNF-α activity
is considered to be one of the mechanisms through which
normalization of aminotransferases occurs even with
persistence of infection during treatment [120].

Among patients with CHC receiving combined treatment
with IFN-α and ribavirin, serum TNF-α levels significantly
decreased at the end of treatment and the decline paralleled
those observed with aminotransferase levels [80]. Among
responders, lower TNF-α levels were sustained during follow
up, whereas among relapsers TNF-α returned to pre-treatment
levels. The fall of TNF-α was greater at the end of treatment
among those who received combined therapy as compared to
those receiving IFN-α monotherapy suggesting an additional
role of ribavirin in TNF-α supression.[121, 122]

Although IFN-α reduces TNF-α expression even further,
patients who already have lower serum pretreatment levels of
TNF-α [115] or lower levels of TNF-α mRNA expression in
peripheral blood mononuclear cells (PBMC) [123] had better
response rates to IFN-α treatment. In a double blind, placebo
controlled clinical trial, the use of etanercept, a TNF-α
antagonist, in the first 24 weeks of a 48-week IFN-α and
ribavirin treatment, resulted in higher virological on-treatment
response rates [124]. It is important to note however that
another study did not show any difference between
pretreatment serum levels of TNF among responders and
nonresponders to IFN-α monotherapy [65], thus questioning
the use of serum TNF levels as treatment predictors.

Soluble TNF receptors (sTNF-R) might contribute to the
anti-inflammatory action of IFN-α. In hepatitis B virus infection,
elevated serum levels of sTNF-R before interferon therapy
were found to predict a successful response to treatment [125].
In hepatitis C, the role of sTNF-R is still not clear. One study
has shown an increase in sTNF-R, especially sTNF-R1, after
IFN-α administration [82], but others did not show any
elevation of sTNF-R with treatment and did not find any
relationship between response rates and pre-treatment levels

Soluble Inflammatory Markers in Hepatitis C
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of neither TNF nor sTNF-R [65,89]. A study has shown that
levels of sTNF-R2 decreased after treatment in sustained
responders to IFN-α monotherapy [91] whereas another study
with similar therapeutic regimen but much fewer patients did
not show any change in sTNF-R levels during IFN-α
monotherapy [90]. Considering the characteristics of sTNF-
R, including its greater stability in peripheral circulation, further
studies are warranted to better understand the role of sTNF-
R in predicting treatment response.

Future Perspectives
Although the origin and mechanism of action of circulating

soluble inflammatory markers are not perfectly understood,
they might be useful as predictors of both hepatocellular
damage and treatment response in patients with chronic
hepatitis C. Application of these markers in the clinical setting
will depend on standardization of methods used for cytokine
measurement as well as availability of reliable commercial kits
for this purpose. Further studies correlating or aggregating
these serum inflammatory markers with other non-invasive
methods of liver staging, such as Fibrotest and Fibroscan are
needed. Studies on the role of these inflammatory markers as
predictors of response among treatment-experienced patients
being retreated with new molecules, such as polymerase or
protease inhibitors [126], would also be interesting.
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