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Abstract

In the context of chronic viral infections, the hepatic microenvironment dictates the outcome
of the disease by influencing propagation of virus and regulation of cytotoxic CD8* T cell
response. Nevertheless, such regulation could be beneficial as it resolves the disease or could
be detrimental as it causes liver pathological consequences. Liver pathology is a hallmark of
chronic viral infection in both human and murine models. Such models show viral infection of
hepatocytes and subsequent direct hepatic damage. Other compelling studies showed that
liver injury was a consequence of overshooting CD8* T cells response in experimental mice,
so-called immune-mediated liver pathology. This review highlights the viral-induced immune
mediated aspects of liver pathology based on the lymphocytic choriomeningitis virus (LCMV)

and Hepatitis virus settings.
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Introduction

The liver is a unique solid organ in mammals with many endocrine, metabolic, and
secretory functions [1, 2]. Under certain circumstances, the liver can be a paramount hub for
T cell activation and is deemed as an immune synapse skewed toward tolerance [3]. The liver
cell populations are dissected into two types of cells: parenchymal and non-parenchymal.
Parenchymal cells comprise hepatocytes and represent 60-70 % of total liver cells, or 90 %
of the total liver mass. The remaining non-parenchymal fraction is responsible for the
tolerogenic properties of the liver and is diverse and encompasses cholangiocytes (epithelial
cells lining the bile ducts), liver sinusoidal epithelial cells (LSEC), Kupffer cells and hepatic
stellate cells (HSC), which is fat-storing cells also known as Ito cells, and intrahepatic immune
cells [4-7].
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The liver harbors a wide range of innate and adaptive immune cells. Innate immune
cells are scattered in the parenchyma and portal tracts and are composed of Kupffer cells
and lymphocytes that constitute around 20% and 25% of the non-hepatocyte populations,
respectively. Liver-resident lymphocytes include B cells, conventional T cells, unconventional
T cells (NKT and TCR y8 T cells), NK cells, eosinophils, neutrophils, and resident hepatic DC
as professional APC along with Kupffer cells [6, 8, 9].

Strategically located in the abdominal cavity and exposed to blood circulation, the
liver is vulnerable to microbial and metabolic insults culminating in liver injury. In murine
models, liver pathology could be mirrored by signs of illness such as; cachexia, ataxia,
hunched posture, ruffled fur, and a moribund state. Furthermore, the liver might be diffused
with necrotic spots, that appear as white or hemorrhagic areas [10]. Quantitatively, the liver
dysfunction can be monitored by analyzing liver enzymes levels as functional readout of
liver pathology such as; alanine aminotransferase (ALT), a liver enzyme indicating the site of
liver damage [11, 12], aspartate aminotransferase (AST), which is less specific than ALT [13],
lactate dehydrogenase (LDH), and glutamate dehydrogenase (GDH), a mitochondrial hepatic
enzyme [13].

Infection with hepatotropic viruses can result in serious damage to hepatocytes [14].
Injury to liver tissue can be induced by the virus itself if the virus is cytolytic, causing direct
harm to the hepatocytes and pathogen-driven liver injury. Immune activation within the
liver can also damage the liver. The virus-induced hepatocyte damage is virus and species
specific and therefore difficult to model in animal experiments. In contrast, some hepatocyte-
toxic immune mechanisms are comparable between humans and mice. Therefore, the
identification of virus-induced immunopathology in mice might be applicable in human
virus-induced hepatitis.

The immune mediated liver pathology after virus infection could be limited or overt
depending on many factors such as; genetic predisposition factors, the age of the host
upon infection, the dose and route of infection [15]. Furthermore, the balance between the
immunity and immunopathology is further determined by the levels of proinflammatory
and anti-inflammatory factors [16]. The state in which the proinflammatory factors outpace
the anti-inflammatory, viral clearance ,and tissue damage ensued [15].

In this review we discuss immune-mediated mechanisms, that were recently described
in the context of liver pathology induced during LCMV and Hepatitis virus infections as well
as the roles of different immune cells and intrinsic factors (Table 1 and Fig. 1).

Table 1. The cellular and soluble factors that provoke or curb the virus-induced immune mediated liver
pathology

Immune function Factors exacerbate immune-mediated liver pathology Factors ameliorate immune-mediated liver pathology

Adaptive immune cells : EBZ: $ zz::z e Beells
CD8* T cell- intrinsic factors : gTAF'lL‘LF : lc)gffg‘:lrl
e IL-10
e Qa-1b
Regulatory NK cells e FceRly : :’ll:ig(;'anulin
e PD-L1

Kuppfer cells via apoptotic cells uptake
CD169+ macrophages via PD-1
Dendritic cell- derived IL-10

Innate immune cells e Kupffer cells via inflammatory mediators

FXR

Liver specific factors

Hypercholesterolemia
platelet-derived vasoactive serotonin

IL-7
IL-22
IL-6
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Fig. 1. The key factors modulating virus induced immune-mediated liver injury (— = exacerbate liver injury;
— = ameliorate liver injury). Created with BioRender.com.

Hepatitis virus and immune-mediated liver pathology

Hepatitis A virus (HAV), hepatitis B virus (HBV) or hepatitis C virus (HCV) are the
leading causes of Viral hepatitis worldwide. Hepatitis virus infection culminates in liver
injury, which is mirrored by increased serum levels of liver enzymes and fulminant liver
damage. Recurrent liver injury contributes to cirrhosis and hepatocellular carcinoma. Acute
HCV infection is often subclinical, whereas acute HAV or HBV infection tends to result in
symptomatic hepatitis in adults. It is commonly believed that, liver damage is not directly
caused by the hepatitis virus load but rather is mediated by immune cells and their products
(immune-mediated) [17, 18].

The role of CD4* T cells

CD4* T cells have remarkable role in potentiating liver injury during Hepatitis virus
infections. One study conducted in adults chimpanzees after infection with hepatitis B virus
(HBV), a noncytopathic DNA virus that causes acute and chronic hepatitis and hepatocellular
carcinoma [19], showed that high and low HBV inoculum resulted in vigorous CD4* T cells
response and accompanying liver immunopathology, and this detrimental effect of robust
CD4* T cells is reversed upon CD4* T cell depletion before virus administration, resulting in
precluded T-cell priming, persistent infection with minimal immunopathology [20].

In the context of chronic HBV infections in HBVTg mouse model, TH17-derived IL-22
activates IL-22R1-expressing Hepatic stellate cell (HSCs) and stimulates HSC to produce
high levels of chemokines, such as CXCL10 and CCL20, which selectively provoke Th17 cell
migration into the inflammatory liver. Subsequently, the increased intra-hepatic Th17 cell
responses produce more IL-22 and simultaneously recruit more inflammatory cells into the
liver. Thus, increased IL-22 worsens chronic liver inflammation and fibrosis by promoting
Th17 cell recruitment in vitro and in vivo [21, 22].
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T helper 1 (Th1) and cytotoxic T cell responses are known to contribute to immuno-
pathology in certain infections, including the progression to cirrhosis in a proportion of cases
of chronic HCV infections [23]. Hepatitis C virus (HCV)-specific Th17, liver injury-provoking
immune cells, can be induced in vitro and regulated by transforming growth factor-f [24].
Similarly, HCV stimulates nuclear factor kappa B- dependent production of thymic stromal
lymphopoietin (TSLP). TSLP released by HCV-Infected cells activates DCs and produce
factors crucial for Th17 differentiation [25].

During acute HAV infection, the immune-mediated host injury can be modulated
by FOXP3+ T regulatory (Treg) cells. The suppressive activity and the number of Treg
cells subsets and are inversely correlated with the degree of liver injury. Further, reduced
inhibitory activity of the Treg cell population results in severe liver injury during acute HAV
infection. Mechanistically, the reduction of Treg numbers during acute HAV infection is due
to FAS-mediated apoptosis [26].

Moreover, the suppressive function of Treg cells can be directly inhibited by the binding
of HAV particles to Treg cells through the immunoregulatory receptor TIM1 [27]. Moreover,
CD4* T cell responses seem to have a key role in resolving HAV, whereas the role of CD8* T
cells is debating. In addition to CD8* T cells, which contribute to both virus clearance and
liver injury during hepatitis virus infection, CD4* T cells have a substantial role in liver injury.

The role of CD8* T cells

In addition to CD4* T cells, CD8* T cells have a substantial role in liver injury. Virus-
specific CD8* T cells can contribute to both virus control and liver injury in hepatitis virus
infection [18].

In humans infected with HBV, studying the pathogenesis of HBV was restricted to
circulating compartments rather than intrahepatic environments. This obstacle was resolved
by establishing transgenic mouse model of HBV infection in which HBV-encoded antigens
are expressed at the hepatocyte surface in a form recognizable by major histocompatibility
complex (MHC) class I-restricted, in which liver damage occurs after transfer of virus-specific
CD8* T cells [28].

The adoptive transfer of HBV-specific CD8* T cells into liver-specific HBV-transgenic mice
causes acute necrotic liver injury, which mimic acute viral hepatitis in humans [17, 29]. In
this model, HBV-specific CD8* T cells directly induce the apoptosis of proximal hepatocytes.
Liver injury is exaggerated by antigen-nonspecific mononuclear cells, which are recruited to
the liver by the HBV-specific CD8* T cells via the production of CXCL9 and CXCL10 [29].

Furthermore, during the acute phase of Hepatitis C virus (HCV), the liver damage was
associated with CD8* T cells infiltration [30]. As aforementioned, T cells have a paramount
role in mediating liver damage as demonstrated by increase in serum ALT levels during acute
HAV, HBV and HCV infections. For example, in chimpanzees infected with HCV, upsurge the
delayed HCV-specific CD8* T cells and their recruitment to the hepatic tissue coincide with
elevated serum ALT levels, as well as virus clearance [31]. In contrast to the cytotoxic activity
of CD8* T cells, IFNy, a non-cytolytic antiviral cytokine, is induced by CD8* T cells cells and
can eliminate viruses without severe injury to the liver [17].

The role of Kupffer cells

It is well documented that, Kupffer cells are key contributors in liver injury in the
settings of hepatitis B virus (HBV) or hepatitis C virus (HCV) pathogenesis [32, 33] by
either promoting the intrahepatic accumulation of pathogenic T cells and/or production of
inflammatory mediators that are directly toxic for the hepatocyte [34-36].

Dissimilarly, another study showed that, the Kupffer cells hamper the severity of CD8* T
cells mediated liver injury in HBV replication-competent transgenic mice by removing
apoptotic hepatocytes that are killed by effector CD8* T cells in a scavenger receptor-
dependent manner. Kupffer cell depletion exacerbates liver immunopathology in models of
acute viral hepatitis. Failure to remove the apoptotic hepatocytes results in making them
necrotic and release high-mobility group box 1 (HMGB-1) protein, inducing neutrophils
infiltration [37].
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The role of IL-10

IL-10 is regarded as an anti-inflammatory cytokine that modulates the extent of host
immunity to infection by exerting suppressive effects on different cell types including
CD8* T cells and promoting liver immunopathology [38-42]. Upon hepatocellular antigen
encounter, HBV-specific CD8* T cells release IL-10 that protects it from apoptosis via
enhancing their responsiveness to IL-2 and prevent the CD8* T cells from dying and
subsequently promoting acute liver pathology, this finding is corroborated by the use of
mouse models of HBV pathogenesis which revealed that the IL-10 produced by effector CD8*
T cells promoted their own intrahepatic survival and thus supported, rather than suppressed
liver immunopathology [43]. The progressive liver injury observed in chronic HCV may be
related to an upregulation cell-mediated responses that apart from their antiviral effects
may also lead to nonspecific macrophage tissue damage. In more details, the progressive
liver injury seen in chronic HCV is associated with the upregulation of intrahepatic Th1-like
cytokines and the downregulation of IL-10, a Th2-like cytokine. These results suggest a role
for delayed-type hypersensitivity immune reactions in HCV related liver injury [44].

LCMV and immune-mediated liver pathology

LCMV, a member of Arenaviridae family, is a well-established mouse model for acute
and chronic virus infections, and it has enabled the identification of many immunological
principles that were eventually validated in human infections. LCMV is one of the most
widely used infection models for the study of virus-host immunity interactions. With the
use of LCMV as a model pathogen, T cell exhaustion and the key role of immune pathology in
disease have emerged.

The role of CD8* T cells

LCMV is a noncytolytic virus, and any immunopathology, disease or eventual death
seen in this model is usually mediated by T cells [45]. The virus-infected hepatocytes are
recognised by CD8" T cells killing which results in fulminant immunopathology and liver
damage [46]. T cell-driven liver immunopathology in the context of LCMV infections was
reported in different experimental models. Zinkernagel et al. firstly reported that LCMV-WE-
induced hepatitis in mice is an immunopathologically mediated disease caused by T cell-
mediated destruction of infected liver cells [47]. Upon establishment of a chronic infection,
virus-specific CD8* T cells can lose their function, a process known as T cell exhaustion. It
is known that the T cell exhaustion is essential to prevent severe immunopathology [48].
Regulation of CD8* T cell-mediated immunopathology has to be seen in the balancing
context of virus control. In a setting of high early virus load and upregulation of exhaustive
signals, virus will persist. However, a reduction in CD8* T cell exhaustion might accelerate
liver immunopathology. In a contrasting setting of acute virus infection, where CD8* T cells
are only partially exhausted and can still control the virus, immunopathology will be limited
[49]. Therefore, minimizing virus propagation in the liver can be a very effective method to
limit LCMV-induced immunopathology.

The destruction of hepatocytes depends at least partially on perforin. In fact, perforin-
mediated cytotoxicity is vital to eradicate LCMV infection [50]. This is observed during
acute infection with LCMV, which cannot be controlled in perforin-deficient mice [51]. In
addition to the importance of perforin in cytotoxicity, it was also established that perforin
downmodulates CD8* T cell responses. This regulatory function of perforin arises from the
observation that perforin-deficient mice have vigorous CD8* T cell expansion. The liver of
perforin-deficient animals shows T-cell infiltrates in the liver and the clusters of CD8* T cells
around the foci of LCMV-infected cells. This excessive accumulation of activated CD8* T cells
resulted in immune-mediated damage in persistently infected perf”- mice [52].
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Furthermore, other immune cells such as B cells have a prime role in preventing
in T cell- mediated Immunopathology. For instance, a recent report showed that B cell
deficiency exacerbates CD8* T cell-mediated immunopathology after infection with the
LCMYV strain Docile as noticed by rapid and fatal CD8* T cell-mediated immunopathological
disease in B cells-devoid animals. B~ mice rapidly develop a fatal CD8* T cell-mediated
immunopathological disease after LCMV Docile infection due to concurrent presence of
functional LCMV-specific CD8* T cells and target cells expressing LCMV antigens, enhancing
anti-LCMV immunity in B/~ mice decreases target cell structures for CD8* T cells and thereby
prevents LCMV-induced immunopathology [53].

The role of CD8* T cells - intrinsic modulators

Other than direct cytotoxicity against infected cells, CD8* T cells have intrinsic factors
that sustain their effector functions such as; interferon regulatory factor 4 (IRF4), binding
partner B-cell-activating transcription factor (BATF) and carcinoembryonic antigen-related
cell adhesion molecule 1 (CEACAM1). It was speculated that genetic deletion of IRF4 and
its cooperating binding partner BATF in CD8* T cells resulted in suboptimal CD8* T-based
defences after infection with the lymphocytic choriomeningitis virus, ensuing in inferior
immunopathology, and promotion of viral persistence [54]. Intrinsic expression of IRF4
in CD8* T cells was essential for optimal expansion [54]. Another factor that contributed
to activation of virus specific CD8* T cells is CEACAM1 [55]. CEACAM1 is fundamental for
recruiting lymphocyte-specific protein kinase (Lck) into the T cell receptor complex to form
an efficient immunological synapse. Therefore, intrinsic lack of CEACAM1 limited expansion
of LCMV-specific CD8* T cells. In line with this, treatment with an anti-CEACAM1 antibody
enhanced proliferation of virus-specific CD8* T cells and enhanced virus control [55].

The role of Kupffer cells

Kupffer cells have a prominent role in controlling LCMV. Minutes after infection, they
capture LCMV particles and prevent their propagation in interferon (IFN)-I dependent
manner. This mechanism of “capture and famish” is essential for fast control of virus and
prevention of a severe immunopathology. Absence of Kupffer cells even in the presence of
IFN-I results in disseminated virus propagation, infection of hepatocytes and subsequent
CD8* T cell mediated killing of hepatocytes [56].

The role of CD169* macrophages

In addition to initiating antiviral immune activation, CD169* macrophages also produce
cytokines early after infection and thereby shape the antiviral immune response during
chronic virus infection. IFN-I, which can be produced in CD169* macrophages early after
infection, upregulates PD-L1 within liver resident macrophages. Thus, CD169+ macrophages
regulate PD-L1 expression, an important inhibitor for CD8* T cells, via type I interferon and
thereby prevent severe immunopathology after LCMV infection [57]. Depletion of CD169*
macrophages in CD169-DTR mice makes them highly susceptible to chronic virus infection
[57]. CD169-DTR mice have limited immune activation in the early phase of infection and
a limited induction of inhibitory signals during persistence of the infection, which results
in prolonged immunopathology. Mechanistically, limited upregulation of PD-L1 led to the
absence of a PD-1/PD-L1 interaction. As a result, CD169-DTR mice developed a fatal CD8*
T cell mediated immunopathology during chronic viral infection [58].

The role of NK cells

Natural killer and natural killer T cells may also contribute to liver pathology [59-61].
Lang et al. showed that, existence of NK cells promotes immunopathology, as they temper
CD8* T cells immunity, ensuing in viral persistence and virus-induced hepatitis, and this
effect was not due to direct effect of NK cells on virus load or IFN signalling, but rather via
CD8* T cells [62].
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NK cell-driven regulation of CD8* T cells response has an impressive impact on
chronicity of diseases [63]. Antibody-dependent NK cell depletion during the establishment
of chronic LCMV infection, has variable impact ranging from beneficial to detrimental on
the outcome of disease including immunopathology. For instance, using high dose inoculum,
NK cell depletion result in superior T cell immunity and contributing to speed virus control
with accelerated immunopathology [49]. There is a growing body of evidence to indicate
that NK cells are modulators of T cell immunity. NK cells can positively or negatively affect T
cells depending on the cytokine milieu that is determined by the nature of pathogenic insult
and its tropism [63, 64]. One compelling study showed that, NK cell protects the host from
immunopathology, since the host lacking NCR1, a novel NK cell activating marker, exhibited
superior CD8* T cells and ensuing exacerbated immunopathology in the settings of chronic
viral infections [65].

Similarly, a unique population of NK cells enriched in the murine liver, and charactreized
by CD49a*CD49b" and they so called liver-resident NK (LrNK) cells [66, 67], was found to
temper the antiviral T cells in the course of acute infection and dampen the CD8* T cells-
associated liver pathology, and this inhibitory effect of LrNK cells was abrogated by blocking
the PD-L1 [68].

Very recently, we have found that robust antiviral T cell response is correlated with
efficient virus clearance from the circulation and solid lymphoid and nonlymphoid organs
and subsequent ameliorated virus-driven immunopathology, and the strong T cells response
was due to the absence of Fc-receptor common gamma chain (FceRly) subunit in NK cells
which limited their regulatory function. FceRly expression was essential for NCR1 signaling.
Therefore, absence of FceRly resulted in limited regulatory function of NK cells, enhanced
CD8* T-cell expansion and fast control of the virus [69, 70]. By the same token, NK cells have
a delicate role in shaping the anti-viral T cells immunity via featured equilibrium, affecting
the outcomes of disease. A recent study showed that the LCMV-induced immunopathology
is exacerbated in absence of Qa-1b, inhibitory ligands on T and B cells for NKG2A on NK
cells, due to suboptimal T cell response that is negatively modulated by NK cells in LCMV
settings [71]. In another series of experiments, activated virus-specific T cells were shown
to be downregulated during an intermediate dose LCMV infection due to activity of NK
cells, resulting in overt viral replication and subsequent immunopathology. In this setting,
the amount of viral antigen is not enough to establish T cell exhaustion, thereby leading to
a status in which efficient T cells are encountered with massive numbers of infected cells,
ensuing in fatal immunopathology. Ablation of NK cells in this setting leads to an increased
T cell response which is able to faster control the infection, and hence preventing liver
pathological consequences [49].

As an evolving strategy for the CD8* T cells to escape from NK cells mediated killing
and subsequent virus-driven liver pathology, after infection with the LCMV, progranulin
levels increased, a phenomenon dependent on the presence of macrophages and type I IFN
signaling, progranulin elevation can reduce NK cell cytotoxicity, and thereby enhancing the
antiviral T cell response, improved virus control and amelioration of liver injury [72].

The role of Platelets

In recent years the importance of platelets during antiviral immune response became
clear. Platelet depletion lowers intrahepatic accumulation of virus-specific CD8* T cells and
resulted in accelerated organ damage [73]. Mechanistically, circulating effector CD8* T cells
interact with platelets within the liver sinusoids. Upon detachment from platelets, effector
CD8* T cells migrate within the sinusoids [74]. Beside this contribution of platelets to the
antiviral immune response, platelets release serotonin upon activation in the liver [75].
Release of serotonin correlates with severely reduced sinusoidal microcirculation. Sinusoidal
microcirculatory failure correlated with viral-induced hepatocyte damage and delayed
infiltration of activated virus-specific CD8* T cells [75].
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The role of Liver-specific factors

Many cytokines have non-redundant roles in modulating the immune hemostasis,
clearing the virus and abrogating the organ pathology and subsequently offering a
therapeutic promise. During infection with LCMV, IL-10 strongly influences anti-viral CD8*
T cell responses and immunopathology [76, 77]. During persistent LCMV infection, IL-10
can potentiate virus dissemination and sustain T cell exhaustion [76]. Dendritic cell- derived
IL-10 has been proven to specifically downregulate T-cell responses and fail to preclude
viral dissemination and limit the immunopathology [76]. In line with these findings, IL-10
prevented organ failure in a model of virus infection in heart transplanted mice. In fact, IL-10
deficient mice transplanted with LCMV loaded heart died early after transplantation.
Loss of IL-10 in recipients showed a systemic immune response with immunopathology
indicating that absence of IL-10 prevents T cell exhaustion and subsequent exacerbated liver
immunopathology [78].

IL-7 is a cytokine which promotes T cell growth. Long-term memory T cells express the
IL-7 receptor [79, 80]. Accelerated IL-7 can be useful for control of infection with LCMV [81].
In a chronic LCMV infection, therapeutic application of IL-7 correlated with accelerated
production of IL-6 and IL-22 [81]. Both cytokines are cytoprotective and have been identified
to protect hepatocytes from T cell-mediated pathology and/or hepatotoxicity [82-84].

Another type of liver-intrinsic factors is Farnesoid X receptor (FXR). It is a unique
receptor for synthesized bile acids in the liver. In addition to important role of bile acids as
surfactant in solubilizing lipids and promoting the absorption of lipids in the gastrointestinal
tract, they act as inflammagens [85]. By using FXR-deficient mice, Honke et al. showed that
FXR expression in hepatocytes is very crucial for sensing free BAs during LCMV infection
which are released from hepatocytes in a CD8* T cell-dependent manner. Activation of FXR
led to upregulation of IFN-I expression. Additionally, FXR dampens the hyperproduction of
BAs, thereby avoiding their toxic effect on monocyte proliferation and infiltration into the
liver. This infiltration was essential in helping Kupffer cells to control viral infection. The
absence of FXR reduces IFN-I production and the proliferation and patrolling of immune cells
in the liver and leads to higher viral replication and, consequently, to severe viral-induced
liver damage and CD8* T cell exhaustion during LCMV Infection [86].

Moreover, hypercholesterolemia has been acknowledged to be associated with LCMV-
induced immunopathology as the high cholesterol levels represses the anti-viral CD8* T cells
response [87]. It is likely that metabolic distress due to hypercholesterolemia may cause
macrophage alterations and may inhibit Ag presentation leading to impaired stimulation of
specific T cells. Moreover, hypercholesterolemia may alter the microenvironment between
antigen presenting cells and T cells leading to preferential Th2 differentiation and may
thereby impair generation of efficient antiviral CTL responses. In naive and activated T
cells, membrane-protein interactions and TCR signaling critically depend on the integrity
of cholesterol-containing lipid rafts, which are changes in the functionality of membrane
domains containing glycosphingolipids and cholesterol. It is therefore possible that the
observed reduced T cell reactivity in hypercholesterolemic mice is at least in part due to
impaired TCR-associated signaling pathways [88-91].

Concluding Remarks

It is obviously apparent that the liver is not only a vital organ for biological functions,
but also emerged as key immune organ, as it is a hub for immunological reactions by virtue
of immune cells it harbors. The etiology of the liver damage is guided by the nature of the
pathogen and its tropism, which instruct the early cytokine environment that further defines
innate and adaptive immune responses, ensuing in liver pathology due to overshooting
T cell response (immune-mediated) or due to direct virus attack (virus-induced). Thus,
several factors influence liver immunopathology during virus infection. Elucidation of
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the immunological basis for pathological consequences of hepatic invaders may yield
immunotherapeutic and antiviral strategies to treat chronic infections and minimize the risk
of its life-threatening sequelae.
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