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3Role of the Immune System 
in Hepatocellular Carcinoma

Chiara Taibi, Laura Vincenzi, and Gianpiero D’Offizi

3.1  General Aspects

Liver cancer is the second leading cause of cancer-related deaths worldwide. 
Hepatocellular carcinoma (HCC) accounts for approximately 90% of liver cancer- 
related deaths [1, 2]. The liver has considerable capacity to remove gut-derived 
microbial compounds and pathogens from the circulation and is involved in the 
detection and clearance of blood-borne infectious organisms [3].

This is reflected in the multitude of innate and adaptive immune cells in the liver.
Dysregulation of immunological networks plays a key role in the development 

and progression of chronic liver diseases and HCC. In chronic viral hepatitis, alco-
holic and metabolic liver disease, chronic inflammation and an altered immune 
response are all associated with the development of HCC [4–6].

Hepatocarcinogenesis can arise from various different factors promoting tumor 
antigen tolerance, such as decreased recognition of malignant cells, suppression of 
immunity and chronic inflammation [7–8].

In necroinflammation, altered survival and proliferation signals are generated 
and these result in cellular DNA damage. The proliferation of damaged hepatocytes 
leads to neoplastic transformation [5, 9–11].

Pro-inflammatory cytokines, such as IL-6 and TNF which activate transcription 
factors, play an important role in the development and progression of HCC. Moreover, 
the innate and adaptive immune systems are important in the detection and elimina-
tion of transformed cells; their alteration is associated with disease progression 
(Fig. 3.1).

The liver is a major immunomodulator, its protective function being liver- 
modulated immune tolerance. Liver immune tolerance results from complex 
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Fig. 3.1 Role of immune cells in hepatocellular carcinoma

interactions between liver-resident cells and peripheral leukocytes. The interactions 
are maintained by pro-inflammatory cytokines (IL-2, IL-7, IL-12, IL-15 and IFN-γ) 
and anti-inflammatory cytokines (IL10, IL-13 and TGF-β) [8]. Thus, understanding 
this immunological network is crucial to identifying new and increasingly effective 
treatments.

3.2  Innate Immune System

Several immune cells are involved in the mechanism of hepatocarcinogenesis: mac-
rophages, myeloid-derived suppressor cells, Kupffer cells (KCs), neutrophils, den-
dritic cells (DCs) and natural killer cells (NKs).

3.2.1  Macrophages

Macrophages exert a phagocyte function and play a critical role in pro- inflammatory 
response and pathogen clearance. They also induce the cytotoxicity of target cells, 
critical for anticancer immunity.

Tumor-associated macrophages (TAMs) are mainly derived from monocytes, 
from the bone marrow and spleen and they constitute the main inflammatory cells 
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[12–15]. In infiltrating tumors, TAMs develop an M2 phenotype characterized by 
expression of immunomodulatory cytokines (IL-10 and TGF-β) and poor antigen 
presentation capacity. M2 macrophages produce tumor-promoting and immunosup-
pressive cytokines and growth factors related to tissue regeneration and angiogene-
sis. In particular, in HCC IL-6 and TGF-β promote tumor growth, IL-1, TNF-α and 
IL-6 are involved in invasion and metastasis and TGF-β and IL-20 reduce the anti- 
tumor immune response. TAMs M2 increase the recruitment and development of 
regulatory T cells (Tregs) through the activation of a T helper type 2 immune 
response [16–18].

3.2.2  Myeloid-Derived Suppressor Cells

In HCC, monocyte-derived macrophages contribute to the recognition and clear-
ance of senescent hepatocytes, preventing tumor development. When, however, 
these cells acquire a myeloid-derived suppressor cell phenotype, they support tumor 
growth. They suppress T cell infiltration in the tumor and dendritic cell function and 
promote the expansion of Tregs through the up-regulation of free radicals, arginase 
activity and production of TGF-β [18, 19].

3.2.3  Kupffer Cells

Kupffer cells (KCs), the liver’s resident macrophages, are involved in chemical 
carcinogenesis-induced hepatocarcinogenesis. They are central to pathogen capture 
as they clear bacteremia and recruit immune cells to the liver. KCs express an array 
of scavenger receptors in order to internalize pathogens. At later stages of disease, 
dying hepatocytes may release danger signals (danger-associated molecular pat-
terns, DAMPs) triggering activation of KCs through Toll-like receptors. Activated 
KCs produce anti-inflammatory cytokines in response to bacterial endotoxins and 
downregulate the action of antigen-presenting cells [20, 21]. In addition, KCs can 
be activated by hypoxic conditions stimulating inflammation also by production 
of IL-6.

3.2.4  Neutrophils

Neutrophils are the most common tumor-infiltrating immune cells and, when in 
large numbers, they are predictive of a poorer outcome. Neutrophils can promote 
hepatocarcinogenesis by enhancing cell growth, angiogenesis and metastasis 
through production of growth factors HGF and VEGF. Moreover, neutrophils sup-
press anti-tumor immunity by producing many pro-oncogenic ligands. In HCC, 
tumor-associated neutrophils interact closely with KCs and recruit Tregs and mac-
rophages, resulting in immune tolerance [22, 23].
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3.2.5  Natural Killer Cells

Natural killer (NK) cells are a key part of the innate immune response against 
viruses and tumors. They exert cytotoxic activity and regulate immune cell func-
tions through cytokine release (IFN-γ in particular) [24]. Their role is similar to that 
of cytotoxic T lymphocytes (CTLs); however, NK cells react more quickly during 
the immune reaction and they can also recognize target cells in the absence of 
MHC. This potential is especially important because cancer cells missing MHC I 
molecules can only be killed by NK cells [25]. More recently it has been shown that 
NK cells participate in the adaptive immune response through crosstalk with den-
dritic cells and T cells. In HCC patients, there is a reduced presence of NK cells 
with impaired activity in the liver. There is also a depletion in peripheral blood with 
reduced levels of IFN-γ secretion.

3.2.6  Dendritic Cells

Dendritic cells (DCs) act as a messenger between the innate and the adaptive 
immune systems. DCs recognize, process and present tumor antigen and are thus 
essential for the immune response against tumor. Failed HCC-associated antigen 
presentation by DCs can lead to a weak T cell immune response. This lack of func-
tion of DCs may be due to a decreased expression of human leukocyte antigen class-
 I molecules and maturation defects determining an alteration in cytokine production, 
in particular a reduction of IL-12 production and an increased release of IL-10 and 
TGF-β [26, 27]. Thus, defects in DCs promote immune tolerance and are associated 
with the initiation and progression of HCC. There are fewer activated DCs in the 
liver tissues of patients with HCC and these are unable to infiltrate cancer nodules, 
resulting in a reduced recruitment of specific lymphocytes. In addition, DCs indi-
rectly promote proliferation of transformed hepatocytes through their inhibitory 
effect on CD8+ T cells.

3.3  Adaptive Immune System

Immune cells, such as T lymphocytes, are present in HCC and are crucial in the 
surveillance and clearance of tumor cells. An abundance of both CD4+ T helper cells 
and CD8+ cytotoxic T cells correlates with a favorable prognosis in many cancers. 
CD8+ CTLs recognize tumor antigens carried by antigen presenting cells (APCs) 
via MHC class I molecules, and kill them by direct lysis or by secretion of cytokines 
(IFN-γ and TNF-α). Many studies report a significant decrease in CD4+ T cells and 
an exhausted phenotype of CTLs in HCC patients; these findings are associated 
with poor prognosis. Continuous antigen presentation in the liver in the absence of 
CD4+ cells and monocytes derived IL-10 induces antigen-specific tolerance. A 
memory-like virus-specific CD8+ T cell subset with features of T cell exhaustion 
has been observed during chronic infection with HCV, persisting even after chronic 
antigen stimulation ended [28].
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A decrease in the ratio of T helper/T suppressive cells is seen in the peripheral 
blood of patients with cirrhosis and HCC, while a high CD4+/CD8+ T cell ratio is 
significantly associated with lower recurrence of HCC after liver transplant. A sub-
set of T helper cells, the follicular T-helper cells (Tfh), supports in-germinal center 
B-cell activation and maturation in plasma cells. Impairment in these cells appears 
to be associated with disease progression in HBV-related HCC.

The presence of Tregs, a small sub-population of CD4+ T cells in the tumor 
microenvironment, is involved in tumor cells escaping immune surveillance 
and clearance. Tregs inhibit effector B and T cell function after antigen 
response. Infiltrating Tregs gradually increase during the progression of 
carcinogenesis.

We can therefore say that the progression of liver diseases correlates with a dys-
regulated cellular immune response [29, 30].

3.3.1  Interleukins and Chemokines

Immune suppression in the liver is predominantly mediated by cytokines. Liver 
immune tolerance results from interactions between liver resident cells and periph-
eral leukocytes. This environment is maintained by pro-inflammatory cytokines 
(IL-2, IL-7, IL-12, IL-15, IFN-γ) and anti-inflammatory cytokines (IL-6, IL-10, 
IL-13, TGF-β). As long as HCC is a typical inflammation-related cancer, interleukin 
molecules can play crucial roles in the development and progression of the dis-
ease [31].

Interleukins (ILs) are cytokines that regulate inflammatory and immune 
responses. They activate and regulate immune cells and participate in an inflamma-
tory cascade. Th1 cells are involved in cell-mediated immune responses, the Th2 
cells in humoral-mediated immunity. Hepatocytes express receptors for several 
cytokines, rendering them susceptible to their action.

In the presence of IL-12 and IFN-γ, naïve CD4+ cells (activated through MHC 
class II recognition) differentiate into Th1 cells, and activated CD8+ cells. In the 
presence of IL-4, CD4+ T cells differentiate in Th2 cells. Expression of the Th1 
cytokine (IL-1, IL-2, IFN-γ) in tumor tissue is associated with a good prognosis, 
whereas expression of the Th2 cytokine (IL-4, IL-5, and IL-10) is associated with 
vascular invasion or metastases. In liver cancer cells, the cytokine milieu often 
switches to a Th2 profile, which inhibits the tumor-specific CD8 T-cell response, 
boosts anti- inflammatory cytokines and lowers pro-inflammatory ones. The caus-
ative factor of this shift is still unknown. In spite of these findings, we often find 
overexpression of Th1 cytokines in HCC.

The best known anti-inflammatory cytokines in HCC are IL-6 and IL-10. They 
suppress T-cell activation and their levels often result increased in HCC.  These 
higher levels seem to correlate with disease progression and a poor prognosis. 
Specifically, IL-10 downregulates the major histocompatibility complex, facilitat-
ing T cell tolerance. IL-6 and TNF, which activate HCC progenitor cells, are mostly 
produced by resident macrophages [7, 16, 18]. IL-17, a pro-inflammatory mediator, 
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has pro-tumorigenic effects, promoting cirrhosis progression and HCC develop-
ment. It is associated with a poor prognosis. IL-22, released by Th 22 cells, is high 
in HCC patients, a finding which correlates to disease progression.

The roles of chemokines and their receptors in HCC range from promoting to 
inhibiting tumor growth.

A family of small soluble proteins, chemokines by regulating the recruitment of 
white blood cells play a crucial role in many events, including angiogenesis, Th1/
Th2 development, inflammatory diseases and tumor. They seem to be strictly asso-
ciated with HCC and correlate with distant organ and lymph node metastasis, even 
though the exact mechanism is still unknown.

High expression of CXCL12-CXCR4 is found in HCC and surrounding tissues. 
The CXCL12-CXCR4 axis is implicated in angiogenesis, promoting growth, inva-
sion and metastasis, while the CCL21-CCR7 axis correlates with lymph node 
metastasis. The CCL20-CCR6 axis is associated with tumor progression; in particu-
lar, HCC cell lines with high expression of CCR6 correlate with formation of pseu-
dopodia, augmented intrahepatic metastasis and poor disease-free survival. The 
expression levels of some chemokine receptors, such as CXCR3 in tumor- infiltrating 
cells, is higher than in peripheral lymphocytes, suggesting a role in addressing 
migration of effector T cells into the tumor.

Not all chemokines promote tumor growth. High expression of fractalkine/
CX3CL1 in particular correlates with better prognosis in HCC patients, probably by 
the direct killing of tumor cells [32].

3.4  Conclusions

HCC is the most common type of liver cancer. It occurs in the setting of chronic 
liver inflammation and is most closely linked to chronic viral hepatitis infection 
(hepatitis B or C) or exposure to toxins such as alcohol, aflatoxin, or pyrrolizidine 
alkaloids. Certain diseases, such as hemochromatosis and alpha 1-antitrypsin defi-
ciency, markedly increase the risk of developing HCC. Metabolic syndrome and 
NASH are also increasingly recognized as risk factors for HCC. Deregulation of 
controlled immunological network inevitably leads to liver disease, including 
chronic infection, autoimmunity and tumor development. Persistent upregulation of 
inflammatory signals due to chronic liver damage leads to necroinflammation (acti-
vation of immune cells, altered immunological, survival and proliferation signals 
and promotion of liver fibrosis) and, subsequently, the induction of tumorigenesis.

The innate and adaptive immune systems are important for the detection and 
elimination of transformed cells. However, this process is dysregulated in necroin-
flammation, and anti-inflammatory cytokines (e.g., IL-10 and TGF-β) suppress 
proper anti-tumor immune responses. The study of these mechanisms is crucial, as 
early and sustained elimination of the underlying chronic liver damage is key to 
reducing the risk of HCC and end-stage liver disease. Furthermore, the highly 
immunotolerant environment and tightly controlled protective mechanisms in the 
liver make the development of effective immunotherapies for HCC challenging [5]. 
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The identification and validation of immunological biomarkers in HCC and the 
clinical characterization of patients will be crucial for the generation of favorable 
responses to novel immunotherapies.
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