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Review

Physiological potential of cytokines and liver damages
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ABSTRACT
Cytokines are soluble extracellular small molecular weight protein or peptide. They are  produced by virtually every nucleated 
cell type in response to injurious stimuli to control body metabolism, infection, inflammation and tissue or neuronal damage; 
therefore acting as messengers between tissues and the immune system; and participating in many physiological processes 
through their either anti-inflammatory or pro-inflammatory characteristics. Many cytokines have multiple cellular sources and 
targets, as well as many natural inducers and inhibitors. In pathophysiological conditions and during the early phase of 
chronic liver diseases, agent like virus, bacteria, parasites, ethanol, or toxins, induce secretion of cytokines at high levels. 
The presence of cytokine antagonists and soluble cytokine receptors, often released in concert with their respective cytokine 
agonist, presents additional complexity to interpretation.
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INTRODUCTION

Cytokines are small molecular weight proteins 
or peptides messengers between tissues and 
the immune system[1] and participate in many 
physiological processes.[2] They are either poor anti-
inflammatory, suppress the activity and production 
of pro-inflammatory signals limiting inflammation 
and host damage; or pro-inflammatory, induce 
inflammation as a result of infection or injury.[3] 
Different cytokine combinations give rise to distinct 

consequences, such as inflammation, proliferation, 
and angiogenesis.[4]

Many cytokines have multiple cellular sources 
and targets, as well as many natural inducers and 
inhibitors.[5] They are produced to control infection, 
inflammation and tissue or neuronal damage. The 
inflammatory ones are fundamental regulators of 
body metabolism.[6]
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On several bases, cytokines may be classified 
depending on their (1) cell of origin; (2) spectrum of 
activity; (3) the category of activity they influence; 
(4) the cells that are their targets; or (5) on specific 
features of their ligand-receptor interaction,[7] 
although the nomenclature is somewhat arbitrary, 
having arisen in different branches of biology [Table 1].[8] 
Extensive genetic polymorphisms have also been 
described, which in many cases appear to play an 
important part in their level of expression and have 
been linked to a variety of diseases,[6] as a variety 
of experiments has shown that either excessive or 
insufficient production of cytokines may contribute 
significantly to the pathophysiology of a range of 
diseases[2] including hepatic diseases.[9]

GENERAL PROPERTIES OF CYTOKINES

Cytokines can be produced by virtually every 
nucleated cell type in response to injurious stimuli 

[Table 2].[10] Mostly, cytokines are produced and act 
locally. A minority enter the systemic circulation 
in biologically relevant amounts and a few have an 
important physiological role there. However, their 
“endocrine” role is subtly different from that of 
classical endocrine hormones. Whereas the purpose 
of endocrine hormones is to ensure the efficient 
function of normal tissues and the whole organism, 
cytokines with a physiological role in the circulation 
are concerned with restoring normal function to the 
tissue in which they were produced. Indeed, when 
tissues are severely challenged, and larger amounts 
of cytokines do enter the circulation, they may be 
responsible for upsetting systemic homeostasis, 
inducing fever, sickness behavior, cachexia and 
a variety of endocrine hormone imbalances.[11] 
Individual cytokine either in tissues or in the 
circulation may exhibit a range of activities and many 
of these overlap with activities of other cytokines.[12]

STRUCTURAL ORGANIZATION OF THE LIVER AND 
CYTOKINES POTENTIAL IN ITS DAMAGE

The liver consists of several cell types that under 
normal circumstances produce only minimal levels of 
cytokines. When liver cells, particularly immune cells 
called Kupffer cells (KC), become activated cytokine 
production increases dramatically; therefore, if the 
liver has been damaged, cytokines mediate the 
regeneration of liver tissue. Also, KC can be activated 
by diseases caused by microorganisms or substances 
(i.e. pathogens). In this case, cytokines produced and 
released by the KC induce an inflammatory response 
in the liver (hepatitis), which is required to start the 
healing process. However, if the inflammation does 
not subside after a short time, persistent production 
of these same cytokines may lead to formation of 
fibrosis and cirrhosis. Thus, cytokine production can 
have both beneficial and harmful effects, depending 
on the amount and duration of cytokine release. 
The architecture and cellular composition of the 
healthy liver in numbers indicating the estimated 
frequency of each population relative to the total 
number of parenchymal and nonparenchymal 
cells in the liver is shown in Figures 1 and 2. This 
discontinuous structure allows contact between 
hepatocytes and lymphocytes. The contact can 
either be produced through hepatocyte microvilli 
protruding into the lumen or by lymphocyte 
pseudopod extensions penetrating into the space of 
Disse. The space of Disse contains hepatic stellate 
cells (HSCs, fat storing). KC reside within the liver 
sinusoidal vascular space, predominantly in the 

Table 1: Important classes of cytokines (Ikram et al.[8])
Cytokines classes
Growth factors

Haemopoietic growth factors; granulocyte-colony stimulating 
factor; granulocyte macrophage-colony stimulating factor; 
erythropoietin; thrombopoietin;  stem cell factor or c-kit ligand

    Epidermal growth factor

    Platelet derived growth factor

    Transforming growth factor β

    Fibroblast growth factor

    Insulin like growth factor

    Nerve growth factor
ILs

     IL-1 to IL-18, etc.
IFNs

     IFN-α

     IFN-β

     IFN-γ
Miscellaneous

   Tumour necrosis factor, etc.
IL: interleukin; IFN: interferon

Table 2: Cytokine properties (Oppenheim[10])
Cytokine properties
Low molecular weight protein/glycoproteins

Almost all cells produce some cytokines

A single cytokine may be produced by many cell types

Cytokine expression is usually induced, not constitutive

Have a pleiotropy: one cytokine may exhibit many biological 
activities

Have redundancy: several cytokines may share the same/similar 
activities
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periportal area. Together sinusoidal endothelial 
cells and resident dendritic cells represent the liver 
antigen presenting cells. Lymphocytes are scattered 
throughout the parenchyma and portal tracts, and 
include conventional and unconventional T cells. A 
low frequency of B cells and abundance of natural 
killer (NK) are also characteristic of the liver immune 
microenvironment.[13]

Cytokine inhibitors, regardless of the mechanism by 
which they block the action of cytokines, appear to 
be the host’s own defense against the cytokines. The 
finding of elevated plasma concentrations of cytokines 
antagonist in patients with various diseases suggests 
that antagonism to cytokines is part of the host’s 

natural response to illness. One might therefore ask 
what the balance is between the amount of cytokines 
and these natural cytokine inhibitors in disease and 
whether disease can result, at least in part, from 
the failure to produce sufficient amounts of these 
inhibitors. For instance, the principle agonist forms of 
the interleukin (IL)-1 family are IL-1α and IL-1β. A third 
member of the IL-1 family, IL-1 receptor antagonist (IL-
1ra), is also induced during inflammatory responses 
[Figure 3][14] but has preventive effect against the 
binding of IL-1α and β to their receptors IL-1ra is 
required to be in approximately 100-fold excess to 
inhibit IL-1α or IL-1β effectively; that is why IL-1ra 
is produced in greater amounts and is present at 
greater concentration matched with rare occurrence 

Figure 1: Architecture of the liver: sinusoids, hepatocytes and immune cells. LSEC form a fenestrated monolayer within the sinusoidal endothelium. HSC: hepatic 
stellate cells; NK: natural killer; KC: Kupffer cells; LSEC: liver sinusoidal endothelial cells; DC: dendritic cells

Figure 2: The estimated frequency of each population relative to the total number of parenchymal and nonparenchymal cells in the liver. NK: natural killer; TCR: 
T-cell receptor
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of α and β in the circulation. Additionally, cellular 

receptors for both IL-1 and tumor necrosis factor 

(TNF) exist in soluble forms, after being cleaved from 

the cell surface, and are able to bind and neutralize 

the cytokine [Figure 4].[15]

The goal of this review is to highlight, in brief 
account, the major cytokines involved in different 
liver damage and discuss their basic biology and 
clinical applications.

Cytokines and alcoholic liver disease
Alcohol-related liver disease (ALD) is a major cause of 
morbidity and mortality worldwide. Chronic alcohol 
consumption leads to hepatocellular injury, fat 
accumulation, and liver inflammation and sometimes 
leads to liver cirrhosis or hepatocellular carcinoma 
(HCC) [Figure 5].[16] In the liver, TNF-α is mainly 
produced by KC.[17] The role of TNF-α as a critical 
inflammatory cytokine in the progression of ALD is 
well known.[18] KC secrete inflammatory cytokines[19] 
and reactive oxygen species (ROS)[20] which activate 
cells such as hepatocytes, HSCs, and endothelial 
cells.[21] After chronic alcohol consumption, KC exhibit 
enhanced sensitivity to lipopolysaccharide (LPS) 
-stimulated TNF-α production.[22] Elevated serum 
levels of TNF-α inducible cytokines or chemokines, 
including IL-6, IL-8, and IL-18, have also been reported 
in patients with alcoholic hepatitis.[23] Serum TNF-α 
is increased in patients with ALD and correlates with 
mortality. Treatment with pentoxifylline (an inhibitor 
of TNF-α synthesis) improved the survival of patients 
with severe alcoholic hepatitis (AH).[24] Anti-TNF-α 
antibody, infliximab, is also effective in severe AH 
patients.[25] These results suggest that TNF-α plays 
an important role in the progression of ALD.

IL-6 appears to have some beneficial effects on the 
liver. IL-6 may protect against hepatocyte apoptosis 
and participates in mitochondrial DNA repair after 
alcoholic liver injury.[26] IL-6 may promote human 

Figure 3: Interleukin 1 (IL-1) antagonism: IL-1 activity at the receptor may be 
blocked either by (a) competitive inhibition by IL-1 receptor antagonist (IL-1ra) 
or by (b) soluble forms of the type II receptor that bind to free IL-1

Figure 4: Maintained activity by soluble interleukin 6 receptor (sIL-6R); ligation of IL-6 with its membrane binding protein (IL-6R) results in association of the complex 
with a 130 kDa signal transduction glycoprotein (gp130). When cleaved from the cell surface, the IL-6/sIL-6R complex remains able to bind and activate gp130
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thymus derived monocytes helper 17 (Th17) 
differentiation and IL-17 production, therefore 
contributing to ethanol induced liver inflammation. 
IL-6 is also released along with IL-10, TNF-α and other 
cytokines by KC after alcohol consumption. IL-6 and 
IL-10 are two cytokines that play roles in reducing 
alcoholic liver injury and inflammation.[27] Elevated 
IL-6 is found in patients with ALD.[28] On the other 
hand, IL-6 knockout mice fed chronic alcohol showed 
increased liver fat accumulation, lipid peroxidation, 
mitochondrial DNA damage, and sensitization of 
hepatocytes to TNF-α induced apoptosis, which was 
prevented by the administration of recombinant IL-6.[29] 

These findings suggest that IL-6 has a protective effect 
at the early phase of ALD. Furthermore, IL-17 can act 
with other cytokines to activate NF-kB which plays a 
central role in regulating genetic transcription and 
encoding of inflammatory cytokines, and induce IL-
8. Recently it was shown that patients with ALD had 
higher IL-17 plasma levels compared with healthy 
subjects.[30] IL-1α is also a potent proinflammatory 
cytokine. In both animal model and patient with ALD, 
the levels of pro-IL-1β are significantly increased in 
the liver and serum.[31]

Cytokines and fatty liver disease
Non-alcoholic fatty liver disease (NAFLD) is now the 
most frequent chronic liver disease that occurs across 
all age groups and is recognized to occur in 14-30% 
of the general population, representing a serious 
and growing clinical problem due to the growing 
prevalence of obesity and overweight.[32] The first 
manifestation of hepatic injury is the accumulation 
of fat within hepatocytes (steatosis), this is 
followed by the development of necroinflammatory 
(steatohepatitis) activity that leads to cirrhosis.[33]

The importance of cytokines as molecular 
effectors in liver damage has been particularly 
well demonstrated in patients and animals ranging 
from steatosis to cirrhosis. TNF-α is involved in the 
progression from steatohepatitis to cirrhosis, since 
it promotes activation of stellate cells, matrix-gene 
expression, and matrix remodeling.[34] Recent studies 
have indicated that deficiency of IL-1α in KC reduces 
liver inflammation and expression of inflammatory 
cytokines, which may implicate KC-derived IL-1α in 
steatohepatitis development.[35]

Obesity, especially visceral adiposity, is a major risk 
factor for NASH in humans.[36] Adipose tissue is a 
source of free fatty acids (FFA) that are delivered 
to the liver and a depot for triglycerides that are 
synthesized by hepatocytes and released into the 
blood. As producers of TNF-α and IL-6, adipocytes are 
considered a component of the immune system.[37] 
Visceral fat, which appears to be less “mature” than 
subcutaneous fat, produces more TNF-α and free 
fatty acids but less adiponectin than subscutaneous 
fat. Adiponectin antagonizes both the production and 
activity of TNF-α; thus the effect of this cytokine is 
potentiated when adiponectin is scarce. In addition, 
TNF-α inhibits adiponectin. Adiponectin also inhibits 
synthesis and uptake of FFA by hepatocytes, while 
stimulating FA oxidation enhancing their sensitivity 
to insulin. The combination of low adiponectin and 
high TNF-α levels in the context of increased hepatic 
exposure to FFA results in hepatic steatosis and 
severe hepatic insulin resistance.[38]

Leptin, as one of adipocyte secretions, together with 
its receptor share structural and functional similarities 
with the IL-6 family of cytokines, and leptin appears 
to play a critical role in the inflammatory response by 
stimulating leukocyte proliferation and the resulting 
increased plasma levels of the proinflammatory 
cytokines such as IL-6 and TNF-α.[39]  These cytokines 
influence nitric oxide[40] that induces free radicals 

Figure 5: The natural history of alcoholic liver disease. Chronic ethanol 
consumption leads to fatty liver for more than 90%. But only up to 40% of this 
population develops more severe forms of alcoholic liver disease, including 
fibrosis and alcoholic hepatitis. Continuous ethanol consumption finally leads 
to liver cirrhosis or HCC and leads to death. HCC: hepatocellular carcinoma
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production and lipid peroxidation. Elevation of the 
inflammatory markers above normal levels is an 
independent predictor of several chronic diseases, 
including coronary heart disease, stroke, diabetes, 
atherosclerosis and insulin resistance.[41]

Cytokines and hepatic cholestasis
Cholestasis is defined as a decrease in canalicular bile 
flow that results in accumulation of bile in hepatocytes 
and canaliculi.[42] Hepatocellular cholestasis may be 
due to functional or structural alterations in the 
biliary tree. The clinical consequences of prolonged 
cholestasis are due to the failure of bile acids to 
reach the duodenum with subsequent malabsorption 
of fat and fat-soluble vitamins A, D, E and K as well as 
the accumulation of biliary constituents such as bile 
acids, bilirubin and cholesterol in the liver. Bile acids 
retention causes liver cell damage and pruritus.[43]

TNF-α plays a critical role in epithelial cell injury as 
well as in immune-mediated cholangiocyte injury.[44] 

Systemic levels of TNF-α are increased following biliary 
obstruction in experimental cholestasis produced 
by ethinylestradiol in rats.[45] Furthermore, TNF-α (in 
combination with other inflammatory cytokines) inhibits 
cholangiocyte secretory function in vitro.[44]

In cholestatic diseases, the intrahepatic bile acids 
induce hepatocellular apoptosis by stimulating Fas 
(a surface receptor that mediates apoptosis upon 
oligomerization by its ligands) translocation from 
the cytoplasm to the plasma membrane where self-
aggregation occurs to trigger apoptosis.[46] Apoptosis 
is known to be the mechanism leading to progressive 
inflammation and destruction of bile ducts.[47] Also, 
bile acids can induce hepatic inflammatory response 
via the activation of hepatic macrophages[46] that 
follows the activation of the transcription factor 
NF-kB, since NF-kB activation has been shown to 
have a key role in the inflammatory process.[48] It is 
well known that NF-kB is activated by a wide range 
of agents and cytokines including TNF-α and IL-1α 
secreted from the injured hepatic macrophages.[48]

Proinflammatory cytokines were reported to stimulate 
the billiary epithelium to generate nitric oxide (NO), 
via nitric oxide synthase induction. NO causes ductular 
cholestasis by a reactive nitrogen oxide species 
mediated inhibition of adenyle cyclase and cAMP-
dependent HCO3- and Cl- secretory mechanisms. 
This pathogenetic sequence may contribute to ductal 
cholestasis in inflammatory cholangiopathie.[44]

Cytokines and hepatic HCV infection
In HCV infection, the production of abnormal cytokine 
levels appears to contribute in the progression of 
the disease, viral persistence, and affects response 
to therapy. Cytokine genes polymorphisms located 
within the coding/regulatory regions have been 
shown to affect the overall expression and secretion 
of cytokines.[6]

The pathogenesis of liver cell damage in HCV infection 
may be related to several immunologic mechanisms 
and the subsequent T-cell responses.[49] Patients with 
chronic HCV infection, viral persistence which is a 
characteristic feature of chronic hepatitis C may be 
due to selective immune responses deficiencies and 
the production of inappropriate cytokine patterns.[50]

The involvement of macrophage derived cytokines 
such as TNF-α and IL1β in the production of 
inflammation has been described.[51] TNF-α acts 
as important mediator in liver injury and generally 
associated with several known cirrhosis-related 
complications. Moreover, TNF-α is positively related 
with the extent of liver necrosis.[52]

Adhesion molecules are necessary for leucocytes 
to adhere tightly to endothelial cells and have 
been reported to be cytokine-induced. Intercellular 
adhesionmolecule-1 (ICAM-1) is one of the principal 
adhesion molecules expressed on sinusoidal and 
venular endothelial cells and involved in firm adhesion 
and trans endothelial cell migration.[53] Consequently, 
The predominant features of HCV-C are more related 
with those that allow viral evasion of the immune 
defenses, especially although not exclusively, 
inhibition of interferons secretion, natural killer cells 
activation and T cell-mediated cytotoxicity.[54]

Several researchers have suggested that an adequate 
T-helper 1 (Th1) response [i.e. high interferon (IFN)-γ 
secretion by peripheral blood mononuclear cells] 
may be associated with a protective antiviral immune 
response,[55] while insufficient systemic Th1 cytokine 
secretion may be associated with increased viral load 
and disease progression.[56] Indeed, serum samples 
from HCV patients contain significantly lower level of 
soluble IFN-γ compared with controls.[57]  In this sense, 
it has been reported that the IL-18 and IFN-γ mRNA 
expression in the liver were significantly correlated 
with each other and both upregulated in chronic HCV 
patients.[58] It was suggested that inheritance of IL-
28B CT and TT, transforming growth factor (TGF)-b1 
CT and TT and TNF-a AG and AA genotypes which 
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appear to affect the cytokine production may be 
associated with susceptibility to HCV infection and 
resistance to combined antiviral therapy.[6]

Mitochondria are a major source of ROS under 
physiologic conditions, because 2% to 3% of the 
O2

− consumed is converted to O2
•− mainly by auto 

oxidation of ubisemiquinone which transfer electrons 
from complexes I and II to complex III. Hepatocyte 
ischemia described in chronic liver pathology, 
enhances O2

•−  production by impairing function 
of complex III.[59] TNF-α as one of the cytokines 
released from endotoxin-stimulated KC, through 
intracellular signaling, leads to decreased function 
of complex III.[60] Endotoxemia has been described 
in chronic hepatitis. Furthermore, activation of 
sinusoidal inflammatory cells such as lymphocytes 
and KC has been described in chronic hepatitis C 
virus infection.[61] Therefore, ROS serve as signaling 
molecules for the initiation and perpetuation of the 
inflammatory process that occurs with conditions 
of oxidative stress. This involves genetic regulation. 
Transcription factors that are directly influenced by 
reactive species and proinflammmatory signaling 
include NF-kB. NF-kB plays a central role in regulating 
genetic transcription and encoding of inflammatory 
cytokines, growth factors, acute phase proteins, 
adhesion molecules, other transcription factors, and 
cell death regulators. These NF-kB regulated genes 
are important in regulating genetic activity during 
critical illness, inflammatory diseases, and cancer.[62]

Cytokines and hepatic hepatitis B virus infection
Hepatitis B, which is caused by hepatitis B virus 
(HBV) infection, remains a major health threat 
worldwide. Hepatic injury and regeneration from 
chronic inflammation are the main driving factors of 
liver fibrosis and cirrhosis in chronic hepatitis B.[63]

During HBV infection, intrahepatic production of 
Th1 inflammatory cytokines and type-I IFNs activates 
two functionally independent pathways: an early 
elimination of HBV nucleocapsid particles from 
the hepatocytes; and a later post-transcriptional 
downregulation of viral RNA. Most of these effects 
are mediated direct or indirectly by IFN-α, β and γ.[64] 
Additionally, chronic HBV patients who clear the virus 
have higher levels of IL-12 than patients who remain 
HBV positive.[65] IL-12 can inhibit the replication of 
HBV through the induction of IFN-γ.[66]

Cytokines and hepatitis E virus
Hepatitis E virus (HEV) is a small non enveloped single-

stranded positive-sense RNA virus and is one of the 
major causes for acute hepatitis worldwide. C-X-C 
motif ligand 8 (CXCL-8) is a small multifunctional 
proinflammatory chemokine. It was reported 
recently that HEV infection significantly upregulates 
CXCL-8 gene expression.[67]

The severity of HEV infection and associated adverse 
outcome might be mediated by cytokine1. In a 
pregnant and non-pregnant HEV infected women 
study, HEV viral load in acute viral hepatitis and 
fulminant hepatic failure were comparatively higher 
levels of TNF-α, IL-6, IFN-γ and TGF-β1 than those 
in controls; moreover TNF-α, IL-6 and IFN-γ had 
significant positive correlation with viral load, serum 
bilirubin and prothrombin time within infected 
women.[68]

Cytokines and hepatic schistosoma infection 
(Schistosomiasis)
Schistosomiasis is a chronic and debilitating disease 
that affects over 200 million people worldwide.[69] 
The pathology, resulting from infection with the 
helminth parasite Schistosoma mansoni or Schistosoma 
japonicum, is predominantly caused by the host 
immune response to parasite eggs that are laid 
in the portal venous system and then become 
trapped in hepatic sinusoids and sequestered 
within granulomatous lesions.[70] Cytokines, which 
communicate between the fibrotic areas and the 
immune system, form a network of host-parasite 
responses. Nevertheless, the mechanisms involved in 
the pathogenesis and progression of hepatic fibrosis 
in patients with schistosomiasis have not yet been 
fully elucidated.[71]

Studies on certain-cytokines knockout mice which 
had been infected with Schistosoma mansoni showed 
that egg granulomas and the hepatic fibrosis are 
dependent on the regulation of cytokines.[72] Higher 
levels of eosinophil-derived cytokines were observed 
in periportal fibrosis. A mixed cytokine pattern, 
characterized by positive correlation between TNF-α, 
IL-4 and IL-5 was observed in periportal fibrosis. 
Also, the positive association between lymphocyte-
derived IL-10 and the eosinophils cytokine profile 
was observed exclusively in intestine further 
emphasize the hypothesis that immunoregulatory 
events take place controlling disease morbidity 
in human schistosomiasis[73] or in experimental 
models.[74] However, in human and animal 
schistosomiasis, studies have shown that high levels 
of TNF-α produced by peripheral blood mononuclear 
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cells stimulated with schistosome antigen (Ag) 
are significantly associated with the presence of 
hepatosplenomegaly.[75,76] As hepatosplenic disease 
is a long-term complication of schistosomiasis and 
is considered to be indicative of severe hepatic and 
periportal fibrosis, it is conceivable that the immune 
mechanisms responsible for this lesion occur much 
earlier during infection and precede the downstream 
development of hepatosplenomegaly.[75] In addition 
Schistosoma japonicum significantly activates collagen 
deposition and hepatic stellate cell in the liver, 
however, fibrosis was accompanied by increased 
IFN-α, IFN-β, IFN-γ, IL-12, TNF-α, and IL-10 mRNA 
expression as well as decreased the expression of 
IL-4, IL-5 mRNA, natural killer group 2 member D 
(NKG2D) mRNA and tumor necrosis factor related 
apoptosis-inducing ligand (TRAIL).[77]

Cytokines and autoimmune hepatitis
Autoimmune hepatitis (AIH) is an inflammatory liver 
disorder, characterized by female preponderance, 
hypergammaglobulinaemia and interface hepatitis 
on histology. AIH is associated with impairment of 
regulatory T-cells,[78] a lymphocyte subset key in 
maintaining immune-tolerance to autoantigens.[79]

Limited data are available for the participation of 
cytokines in the development of AIH. In a previous 
study, Chernavsky et al.[80] analyzed the expression of 
cytokines in liver biopsies from pediatric autoimmune 
hepatitis (PAIH) patients in comparison with liver 
control samples obtained from cadaveric liver 
donors. While the expression of IFN-γ and IL-12p40 
was not detectable in control livers, it was clearly 
unregulated,[80] and showed an increased expression 
of IL-18, IL-4 and the 1L-12 β2 chain receptor in PAIH 
patients. The unexpected increase of mRNA for IL-4, 
a typical Th2 cytokine, was found in conjunction with 
a severe histological inflammation in AIH. The up 
regulation of IL-4 in PAIH but not in another disease 
clearly suggests a more complex immunopathologic 
mechanism.

Th2 cytokines activate B cells and induce their 
differentiation into antibody-producing cells. Liver-
infiltrating autoreactive B cells, in addition to their 
role in producing autoantibodies, also play a critical 
role in the development of fibrosis. The mechanism 
of suppressing fibrosis by B-cell depletion is 
independent of antibodies or T cells, raising the 
possibility that cytokines, produced or induced by 
autoimmune B cell, are responsible for fibrosis in 
autoimmune diseases targeting the liver.[81]

Human liver contains an uncommonly high number 
of NKT cells that participate in the early regulation 
of Thl/Th2 cell differentiation through the release 
of IFN-γ and IL-4. Moritoki et al.[81] and Solari et al.[82] 
found an increased number of Vα24 positive cells 
and transcripts coding for this invariant Vα24 chain 
in the liver of PAIH patients, pointing to a probable 
involvement of these regulatory cells as mediators of 
the hepatocellular injury in PAIH.

Cytokines and hepatic fibrosis, cirrhosis and cellular 
carcinoma
Chronic hepatic injury is associated with both 
liver cirrhosis and liver cancer.[71] Several cytokines 
and ROS, produced in the injured liver by resident 
macrophages and infiltrating leukocytes during 
inflammatory conditions, cause transformation of the 
quiescent HSCs into the activated phenotype, which 
is responsible for fibrosis, cirrhosis and cancer.[71,83]

The perisinusoidal retinoid- storing quiescent HSCs 
physiologically regulate liver architecture and blood 
flow by producing components of extracellular 
matrix and contractility respectively. During hepatic 
injury, HSCs transform into retinoid-free proliferating 
myofibroblast-like cells (activated HSCs, aHSCs), 
which express α-smooth muscle actin (α-SMA). 
aHSCs are highly fibrogenic and contractile, and 
play major role in causing architectural damage and 
portal hypertension.[83]

A phenomenon of aHSCs rapid apoptosis was 
observed among the proliferating cells during 
CCl4-induced active fibrosis.[84] During inflammatory 
liver injury, ROS are produced by resident 
macrophages and infiltrating blood cells, particularly 
neutrophils.[85] ROS-induced increased expressions of 
α-SMA, collagen I and collagen III in rat and human 
HSCs[86] indicate their role in HSC activation and 
fibrosis. While investigating the actions of ROS on 
aHSCs it is noted that superoxide (SO) reduced their 
viability revealing that SO causes apoptosis of aHSCs 
that involves mitochondrial release of cytochrome-C, 
activation of caspase-3 and increased expression 
of Bax.[87] During inflammation, the activated 
inflammatory cells produce fibrogenic cytokines 
and growth factors that activate HSCs.[88] The role 
of cytokine gene polymorphism in the progression 
of liver fibrosis or development of cirrhosis in 
patients with hepatic diseases has been investigated 
extensively. Yee et al.[89] indicated that TNF2 (-238A) 
and TNF3 (-308A) alleles are frequently found in 
patients with cirrhosis in chronic HCV infection. 
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Polymorphisms of TGF-β gene are thought to be one 
of the determinants of fibrosis progression in viral 
hepatitis.[90] HSCs play an important role in hepatic 
fibrogenesis and that IL-1 is a potent cytokine that 
induces the myofibroblastic activation of HSCs. 
IL-1 is also implicated in the proliferation of HSCs 
and the regulation of the expression of various 
matrix metalloproteinases, which play a key role 
in the turnover and the deposition of extracellular 
matrix (ECM). Therefore, it is possible that genetic 
polymorphism of IL-1B gene may influence the 
progression of hepatic fibrosis by affecting the 
hepatic expression of IL-1 during the process of 
liver injury.[91] TGF-β has been implicated in hepatic 
fibrogensis; as it stimulates the production of 
extracellular matrix proteins and their receptors, and 
inhibits the synthesis of matrix-regrading proteolytic 
enzymes in chronic HCV; moreover, its serum or liver 
level has a positively correlation with the fibrosis 
score in both untreated patients or those respond to 
IFN-α treatment.[92]

IL-10 has a protective role in hepatic fibrogenesis, 

as it showed a decreased hepatic inflammation and 
increased serum levels of HCV-RNA matched with 
reduced liver fibrosis score either in chronic HCV-
infected patients who received a short or after 12 
months therapy with recombinant IL-10.[93]

A characteristic feature of HCV infection is a high 
frequency of persistence and progression to chronic 
liver disease (CLD). Persistent infection upsets the 
balance between immunostimulatory and inhibitory 
cytokines, which can prolong inflammation, and 
lead to necrosis, fibrosis, and CLD.[94] Elevated 
concentrations of cytokines also represent a 
characteristic feature of CLD, regardless of underlying 
etiology, which may represent a consequence of liver 
dysfunction instead of inflammatory disorder.[95]

T lymphocytes and immunoregulatory cytokines are 
of critical importance in the host defense against HCV 
infection. T-helper type 1 (Thl) cytokines (IL-2, IFN-γ) are 
required for host anti-viral responses, while T-helper 
type 2 (Th2) cytokines (IL-4, IL-10) can inhibit 
the development of these effectors.[96] Significant 

Figure 6: Overview of immune and parenchymal cells during liver injury. A steady-state migration of immature DC to the RLN and the production of IL-10 by KC 
and resident DC are involved in the phenomenon of tolerance to self-antigens within a healthy liver. After a virus infection, viral particles are incorporated into DC 
either because they become infected or through cross-priming and then migrate to the RLN, where they differentiate and activate naive T cells. Effector CD4+ T 
cells return to the liver and through secretion of Th1 cytokines and collaboration with activated NK cells, might contribute to the virus clearance. In an alternative 
view, exogenous antigen (Ag) expressed in hepatocytes can be presented to naive CD8+ T cells which after clonal expansion become efficient CTLs and secrete 
Th1 cytokines Under conditions of liver injury, KC play a critical role through secretion of TNF-a, TGF-b and IL-6. The latter acting on hepatocytes induces the 
production of the acute phase proteins. TGF-b activates the induction of fibrosis through the action of stellate cells and TNF-a plays a critical role in the induction 
of cholestasis. A high production of IL-10 is able to modulate the development of fibrosis. IL: interleukin; DC: dendritic cell; RLN: regional lymph node; NK: natural 
killer; CTL: cytotoxic T lymphocytes; KC: Kupffer cell; TNF-a: tumor necrosis factor-a; TGF-b: transforming growth factor-b; HAV: hepatitis A virus; HBV: hepatitis 
B virus; HCV: hepatitis C virus (Fainboim et al.[104])
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elevations in circulating Th22 cells, Th17 cells, Th1 
cells, IL-22, IL-17A, and IFN-γ were observed in the 
hepatic fibrosis groups compared with the control 
group.[97]

It has been demonstrated that the proinflammatary 
IL-6 and IL-10 have been implicated to associate 
with certain human cancers and HCC. Previous study 
indicated that both IL-6 and IL-10 levels were elevated 
in HCC patients compared to normal controls, and 
the high levels would invariably decrease after 
surgical resection.[98] In addition, a high IL-10 level 
predicted a poor disease-free survival in patients 
undergoing curative surgery.[99] Hsia et al.[98] found 
that both IL-6 and IL-10 expression were more often 
higher in HCC patients compared to patients in other 
disease categories.

It has been postulated that an imbalance between 
Th1 and Th2 cytokine production is implicated in 
disease progression or inability to clear infections. It 
was reported that HCV-infected patients who develop 
chronicity have a predominant Th2 response, but 
a weak Th1 response, suggesting that this immune 
response imbalance can result from HCV interaction 
with dendritic cell functions.[100] These results support 
the notion that Th-lymphocyte polarization may play 
an important pathophysiologic role in influencing the 
outcome of HCV infection. All these immunological 
findings are mostly due to HCV infection rather than 
schistosomal infection, because patients with no 
schistosomal antibody had the same elevation of 
the same cytokines, late Schistosoma mansoni cases 
showed a suppressed cell-mediated immunity and a 
significant depletion of T-helper/inducer subset.[101]

In the majority of cases, HCC is found in conjunction 
with cirrhosis of the liver. Chronic inflammation and 
cirrhosis, accompanied by regenerative process, 
function as a tumor promoter, providing a common 
pathway from chronic HBV or HCV-infection to HCC. 
The direct etiologic role of HBV and HCV for HCC 
is obscure. Tumor progression may be brought 
about in HCC by mutation of p53 tumor suppressor 
gene. The prevalence of p53 mutations is similar in 
HBV-associated and HCV-associated HCCs. Other 
mechanisms of host defense are the production of 
TGF-β1, and the induction of cytotoxic T lymphocytes; 
the failure of these mechanisms permits the process 
of hepatocarcinogenesis. Treatment with alpha 
interferon of chronic hepatitis is necessary to delay 
or prevent the progression to liver cirrhosis and 
development of HCC.[102]

To date, two cytokines have achieved Food and Drug 
Administration approval as single agents for cancer 
treatment: high-dose, bolus IL-2 for metastatic 
melanoma and renal cell carcinoma and IFN-α for the 
adjuvant therapy of Stage III melanoma.[103]

The classical and current view of the cytokines role 
and mechanisms in both healthy and diseased liver is 
presented in Figure 6.[104]

SUMMARY AND CONCLUSION

Cytokines are a large family of small proteins secreted 
by leukocytes and having an essential role in mediating 
the immune function. Many cytokines have multiple 
cellular sources and targets, as well as many natural 
inducers and inhibitors. Cytokines are produced to 
control body metabolism, infection, inflammation 
and tissue or neuronal damage. The pharmacological 
agents that can either suppress the production of the 
cytokines or block its biological actions may have 
potential therapeutic value against a wide variety 
of liver diseases. However, a stress is needed for 
a better knowledge about the adverse side effects 
for the anti-cytokine agents on the autoimmune 
responses; therefore future studies, leading to a 
combination of drugs that modulate the cellular 
immunity system but selectively block cytokines 
action, may be more useful for use to overcome the 
side effects of anti-cytokine therapy in the long-term. 
Again, proinflammation and prooxidation is the main 
cause of the complications of various inflammatory 
diseases. Since the high levels of cytokines directly 
induces the oxidative stress of the cells by depleting 
the vital antioxidant substances (such as glutathione) 
of the body and therefore elevate the ROS levels 
of the cells, it would be interesting to check the 
effectiveness of combination of drugs including 
antioxidant enhancer to effectively combat the side 
effects of anti-cytokine therapy.
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