
Viral Hepatitis and HCC Development | Encyclopedia.pub

https://encyclopedia.pub/entry/20670 1/9

Viral Hepatitis and HCC Development
Subjects: Biology

Contributor: Moustafa Fathy

Hepatocellular carcinoma (HCC) is driven by chronic liver diseases that exhibit several rounds of liver

inflammation, necrosis, and regeneration making, HCC a paradigm for inflammation-driven cancer. The role of viral

and non-viral inflammation in genetic perturbation and chromosomal aberration predisposing HCC is well-

characterized. Instead, the focus of the entry is to summarize the impact of viral hepatitis-mediated immune

deregulation on the development and progression of HCC.

hepatocellular carcinoma  hepatitis B virus

1. The Role of HBV-Related Immunity in the Development of
HCC

HBV is a non-cytopathic virus, and the degree of liver damage in chronic HBV infection is driven by the activation

of the immune system . The interplay between immune tolerance and immune clearance predicts the progression

of chronic HBV disease (Figure 1) . HBV-induced immune deregulation in chronic settings is a fertile niche for

the development of HCC.
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Figure 1. The interplay between different immune cells in HBV-HCC. NK cells in chronic HBV infection and HBV-

HCC express different inhibitory receptors and secrete many fibrogenic and proinflammatory cytokines that

participate in disease progression. While NKT cells stimulate hepatic stellate cell activation in chronic HBV

patients, macrophages also induce fibrosis via interaction with CD8+TRM. HBV-specific CD8+T and CD4+T-cells

lose their cytolytic activity and eradicate neither HBV infection nor the HBV-HCC tumor cells. Moreover, Tregs

induce their immunotolerant role in both chronic infection and HCC, leading to disease progression and

aggressiveness. Figure created with BioRender.com.

1.1. Innate Immunity and HCC Development

Active mature NK cells have critical antiviral and anti-tumor functional roles ; however, an NK cell’s switch to a

less active and immature phenotype, confirmed by low cytolytic and low IFNγ production, was detected during HBV

chronic infection and HBV-HCC. HBV viral persistence and HBV-induced liver fibrosis upregulated the expression

of IL10 and TGF-β immunosuppressive cytokines to dampen the immune surveillance role of NK cells , while

inducing the expression microRNA-146a in these NK cells . This microRNA-146a induced the further feed-

forward inactivation of NK function, as measured by the inhibition of IFNγ and TNFα production in chronic HBV and

HBV-HCC patients . In addition, the overexpression of the inhibitory receptors PD-1, TIM3, and NKG2A in NK

cells of chronically infected HBV patients predispose them to HCC . Intriguingly, active NK cells may also

contribute to hepatocyte damage and HCC development via the IFNγ-dependent activation of epithelial-

mesenchymal transition in HB transgenic mice , suggesting the importance of immune balance in the fight

against HCC . Although NKT cells are not directly associated with HBV-HCC development, they predispose one

to malignancy via the induction of liver fibrosis . NKT cells secrete IL4 and IL13 cytokines, activating hepatic liver

stellate cells in HBV-transgenic mice . Macrophages play both anti-tumor and tumor roles in HCC development

and progression due to their high plasticity and versatile functions . CD137 ligand was found to be upregulated in

peripheral monocytes of chronic HBV patients with positive association with cirrhosis . The further investigation

of this finding in HBV-transgenic mice revealed the upregulation of CD137 on the surface of the non-specific

CD8   memory T-cells, which, in turn, enhanced the recruitment of macrophages to murine livers. Macrophages

induced disease progression to liver fibrosis and HCC via the production of TNFα, IL6, and MCP-1 .

1.2. Adaptive Immunity and HCC Development

The transition of active CD8  T-cells into the exhausted phenotype (characterized by high levels of PD1, CTLA4,

and TIM3) is a unique feature of viral persistence and disease progression (Figure 1) . Moreover, in HBV-HCC,

the HBV-mediated activation of the STAT3 pathway induced the expression of the oncogene SALL4, which

consequently inhibited the expression of microRNA 200c . This microRNA 200c inhibition induced the

expression of PDL1, which initiated CD8+ T-cell exhaustion . The high-resolution single-cell sequencing of

human HBV-HCC confirmed the presence of two distinct T-cell subtypes within the tumor microenvironment: CD8+

resident memory T cells (T ) and Treg cells . T   cells expressed high levels of PD1 and were more

suppressive and exhausted, while Treg cells expressed the immunosuppressive LAYN protein . HBV patients

with the immune-tolerant phenotype showed a high susceptibility to develop HCC compared to immune active HBV
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patients, confirming the hypothesis that the presence of HBV-specific CD8 T-cells that are functionally unable to

remove the virus induced continuous inflammation followed by tumor development . In line with this, the

researchers have also shown evidence of HBV-DNA integration and clonal hepatocyte expansion in these patients

considered immune-tolerant, indicating that hepatocarcinogenesis could be underway even in the early stages of

HBV . Moreover, in those subjects deemed as having immune control, evidence of HBV-DNA integration is again

present, with the upregulation of genes involved in carcinogenesis . The link between immunity and HBV DNA

integration, however, remains tenuous, but with the use of novel technologies (e.g., tissue CyTOF and spatial

transcriptomics)  the researchers can come to understand more about this relationship in the future. How

functionally incompetent CD8 still leads to continuous inflammation is a complex process. Previous studies by

Maini et al. have demonstrated that this may be an indirect pathway, where virus-specific CD8 T cells that were

unable to control infection led to the recruitment of non-virus specific T cells to the liver, which could drive liver

pathology . More recently, further studies have demonstrated that exhausted CD8 cells in human chronic

infections and animal models are heterogenous and can be identified by phenotypic and transcriptional markers—

e.g., PD1 and TCF1—differentiating them between early and terminally exhausted CD8 T cells . The balance

of these heterogenous populations may also impact on the associated continuous inflammation. A further animal

study demonstrated that the recovery of the immune response may be possible via the specific blockade of the

check-point receptor TIGIT and overcoming T cell tolerance to HBsAg, but the consequences are increased liver

inflammation and the development of liver tumors . Although the loss of CD4  T-cells in chronic HBV infection

was associated with suboptimal HBV-specific CD8   T-cell function and viral persistence , the number of

circulating and liver-recruited CD4   CTLs increased in the early stages of human HBV-HCC . This T-cell

population was reduced and malfunctioned with increasing disease stage, possibly due to the increased infiltration

of Treg cells; this loss of CD4   CTLs was associated with poor patient outcomes . This finding supports the

notion that the intra-tumoral immune profile is completely different from immunity developed in the corresponding

benign liver disease . HBV-HCC is usually preceded by liver fibrosis and cirrhosis, which are characterized by

the fibrogenic TGFβ pathway signature . The activation of the TGFβ pathway suppressed the expression of

microRNA 34a, leading to the upregulation of the Treg-recruiting cytokine CCL22 . Increased Treg recruitment in

HBV-HCC patients was associated with poor prognosis and portal vein thrombosis . Treg cells suppressed the

function of effector T-cells via the production of immunosuppressive cytokines, including, but not limited to, IL2,

1L10, and TGFβ . Compared to non-viral HCC, the Tregs detected in HBV-HCC uniquely expressed PD-1,

which exhausted functional CD8+ T- cells (as marked by low granzyme A/B and perforin and blunted proliferation)

within the tumor microenvironment , explaining the reduced sensitivity of the non-viral HCC to PD1 treatment

.

CD4+ T-follicular helper cells are a unique anti-tumor immune subset responsible for the activation and maturation

of B-cells and B-cell-mediated immunity . The number and functional capacity of the circulating

CXCR5 CD4  Tfh cells were reduced in patients with HBV-HCC compared to diseased and healthy controls .

Furthermore, a similar dysregulated pattern was seen relative to the disease stage, as confirmed by low IL21, IL10,

and ICOS expression .
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The mechanism of Hepatocarcinogenesis with HDV-HBV co-infection can be mediated via innate and adaptive

immune responses as well as epigenetic- and metabolic-related changes. The L-HDAg may facilitate several

interactions with signaling pathways involved in survival and apoptosis and promote oxidative stress in the ER.

Epigenetic modifications (e.g., histone acetylation and clusterin expression) may aid in HDV-infected cell survival in

cancerous cells .

2. The Role of HCV-Related Immunity in the Development of
HCC

HCV viral persistence promotes immune perturbation in the liver microenvironment through the inhibition of

interferon signaling, the skewing of CD4 T-cell differentiation towards more hazardous phenotypes, the recruitment

of immunosuppressive Treg cells into the liver, and the deactivation of the cytotoxic CD8 T-cells. Low-grade

chronic inflammation then develops, along with fibrotic and cirrhotic changes with high tumor escape possibilities,

altered immune surveillance, and eventually HCC.

2.1. Innate Immunity and HCC Development

Following HCV infection, the NF-kB and IFN signaling pathways are activated in NK cells . The first evidence

that linked NF-kB pathway activation and HCC development was from a mouse model of chronic liver inflammation

in which NF-kB activation in non-parenchymal cells contributed to the tumor burden . Tumor development in this

murine model was closely associated with the release of different proinflammatory and protumorigenic cytokines

such as TNFα and IL6 . The activation of NF-kB and HCC development is likely to be etiology-independent

with  the researchers' team developing a new dietary-induced HCC experimental model that showed NF-kB

activation in the non-tumor tissue of mice developing HCC . IL6 has also been shown to contribute to

hepatocarcinogenesis and a study in HCV patients suggested that this may be gender dependent. Unlike male

patients, serum IL6 levels in chronic HCV female patients were associated with a high risk of HCC development,

linking IL6 levels and gender-related hepatocarcinogenesis . HCV also activated STAT3 pathway in human

monocytes/macrophages and dendritic cells in an IL6-dependent manner . Interestingly, a seminal

transcriptomic study in HCC patients identified a unique association between NF-kB and STAT3 activation in the

adjacent non-tumor tissue, but not the tumor counterparts, and HCC recurrence , emphasizing the pivotal role of

these pathways in tumor progression and relapse. Additionally, NS5A activates the NF-kB and JNK pathways

through TNF receptor-associated factor 2 (TRAF2) . In fact, JNK pathway activation in the non-parenchymal

cells was linked with HCC development in experimental mouse models . Furthermore, a large body of evidence

associates the activation of the IFN pathway and tumor development , whilst lower levels of IL10 cytokine were

detected in the sera of HCV-HCC, suggesting that further studies are required to assess whether IL10 supports

anti-tumor immunity .

2.2. Adaptive Immunity and HCC Development
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Similar to HBV infection, chronic HCV infection increases the production of lymphotoxin (LT) α and β cytokines and

their receptor (LTβR) in hepatocytes. This upregulation led to the increased infiltration of several lymphocytic

subsets preceding the development of HCC . A multi-center study of HCV-HCC patients witnessed a high

infiltration of CD4 T-cells and Treg cells in the fibrous septa and the accumulation of CD8 T-cells in the cirrhotic

nodules compared to cirrhotic HCV patients. This latter population was associated with decreased levels of NK and

NKT cells and with a high risk of tumor recurrence . In contrast, a high prevalence of Treg cells in the peri-

tumoral area contributed to an aggressive tumor phenotype . The presence of tumor-associated antigens and

tumor-specific mutant antigens is common in HCC . Tumor-associated antigens are recognized and depleted by

their specific CD8 T-cells. This interaction was associated with longer survival and better patient outcomes .

However, constant CD8 T-cell exposure to these antigens induced T-cell exhaustion in HCV chronic infection and

HCV-HCC . This leaves the door open for the best combination therapy for HCC patients from different

etiologies, especially with the lack of significant success of monotherapy with PD1 checkpoint inhibitors in many

HCC clinical trials.
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