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Abstract: Hepatocellular carcinoma (HCC) is among the most prevalent and dangerous cancers in the world, which is associated with
hepatitis and fibrosis resulting from different etiologies, such as hepatitis B and C virus, alcohol and diabetes. Chronic inflammation is
suggested to promote tumorigenesis and progression by producing inflammatory cytokines and free radicals, triggering malignant
transformation of cells, promoting tumor cells proliferation and inducing tumor angiogenesis. Immunosuppressive microenvironment
established in the liver also plays a vital role in HCC development. The mechanisms include activation of cancer-associated
fibroblasts, upregulation of pattern recognition receptors, inhibition of effector T cells, recruitment of regulatory T cells and myeloid-
derived suppressor cells, activation of hepatic stellate cells and immunosuppressive M2 macrophages. In this review, we will
summarize the most recent studies and discuss the advanced mechanisms of chronic inflammatory microenvironment and immuno-
suppressive microenvironment promoting HCC development, aiming to explore potential therapeutic targets.

Keywords: chronic inflammation, immunosuppression, tumor microenvironment, hepatocellular carcinoma

Introduction

Primary liver cancer is the seventh most commonly diagnosed cancer and the third major cause of cancer-associated
mortality worldwide,' of which hepatocellular carcinoma (HCC) accounts for approximately 80%. Active hepatitis C and
B continue to drive most of the burden of HCC.? The usual sequence of liver injury, chronic inflammation, fibrosis,
cirrhosis and HCC is clearly related to the inflammatory response caused by various immune cells.® In acute inflamma-
tion, some of the cytokines can stimulate liver regeneration and recruit more macrophages to clear necrotic cell debris
making space for new hepatocytes.* After tissue repair or the external stimulus is eliminated, the acute inflammatory
response is resolved. However, chronic inflammation is a pathological condition characterized by continued active
inflammation response and tissue destruction, which can trigger malignant transformation of cells and plays a vital role in
liver tumorigenesis and progression.” Chronic hepatitis can be divided into viral and non-viral ones. Most of viral chronic
hepatitis are caused by hepatitis B and C virus (HBV, HCV), while the etiologies of non-viral chronic hepatitis include
obesity, alcohol, autoimmunity and so on. The infectiousness, pathological changes, rate of progression and therapies of
two different hepatitis are various, but both of them take the risk of developing into HCC. Free radicals produced in
inflammation can damage DNA and increase the frequency of mutations. Simultaneously, several cytokines induced by
chronic inflammation, such as TNF-o and IL-6, directly promote cancer cell proliferation and tumor angiogenesis.
Furthermore, chronic inflammation induces an immunosuppressive microenvironment in the liver, allowing malignant

cells to escape from immune surveillance, including recruiting regulatory T (Tregs) cells and myeloid-derived suppressor
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cells (MDSCs), activation of innate immune receptors, activating cancer-associated fibroblasts (CAFs) and hepatic
stellate cells (HSCs) and promoting polarization of tumor-associated macrophages (TAMs) from M1 to M2. In this
review, we will discuss the role of the hepatic chronic inflammatory and immunosuppressive microenvironment in HCC
development, and explore potential therapeutic targets.

Chronic Inflammatory Microenvironment Mediates HCC Transformation

Inflammation-Induced Free Radicals
Chronic inflammation persistently damages hepatocytes, which induces compensatory cell proliferation due to the high
regenerative capacity of liver. Simultaneously, the inflammatory response increases the release of free radicals, such as
reactive oxygen species (ROS) and reactive nitrogen species (RNS), contributing to DNA damage and oncogenic
mutations.® Accumulation of aberrant hepatocytes proliferation and mutations induces HCC transformation (Figure 1).
At the site of inflammation, increased free radicals activity is associated with the activation of the neutrophil NADPH
oxidase and/or the uncoupling of a variety of redox systems, including endothelial cell xanthine dehydrogenase.’”
Activation of phagocytes directly releases ROS such as superoxide, hydrogen peroxide, hypohalous acid, and hydroxyl
radicals.® Some pro-inflammatory cytokines, such as IL-6 and TNF-q, can also trigger the generation of free radicals.” '
Increased free radicals induce damage of DNA, by producing DNA base and sugar products, single- and double-
strand breaks, 8.5’-cyclopurine-2’-deoxynucleosides, tandem lesions, clustered sites and DNA-protein cross-links.'? Cell
oxidative stress caused by redundant-free radicals also contributes to mitochondria dysfunction. In response to oxidative
stress, the mitokines FGF21 and GDF15 are upregulated during the mitochondrial unfolded protein response, and their
levels are positively correlated with liver cancer development, progression and metastasis.'> Additionally, free radicals
induce structure or function modifications of cancer-related proteins and gene mutations, including those related to signal
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transduction, cell-cycle control, apoptosis, lipid peroxidation, and DNA repair. Jaiswal found that the expression of iNOS
and 8-oxodeoxyguanine formation in primary sclerosing cholangitis patients, and RNS can inhibit DNA repair. ' There is
also evidence of an association between NO and p53 mutations. NO induces p53 posttranslational modifications, leading
to an increase in p53 transcriptional targets and a G(2)M cell cycle checkpoint.'” Increased iNOS expression and G:C to
A:T transition mutations in p53 appear in stomach, brain and breast cancers.® Cells with mutated p53 show an accelerated
tumor growth associated with an increased expression of vascular endothelial growth factor (VEGF) and
neovascularization.'® Therefore, increased ROS and RNS caused by chronic inflammation participate in liver carcino-
genesis. Some substances have been reported to inhibit the progression of HCC by reducing production of free radicals,
promoting removal of free radicals, or mediating the signaling pathway downstream of free radicals, which can reduce
oncogene mutations and trigger apoptosis of HCC cells.

Production of Pro-Tumorigenic Cytokines

Both immune cells and stromal cells can synthesize cytokines. Cytokines mediate cell-to-cell communication, as well as
regulating cell growth and differentiation, function maintenance, inflammatory response, immune response, tumor growth or
decline, and cell death. Cytokines can participate in immune surveillance and prevent tumor development. However, in chronic
inflammation and immunosuppressive microenvironment, they can promote the growth and progression of cancer'’(Figure 1).

TNF-a is an important pro-inflammatory cytokine, related to carcinogenesis. Various types of cells can synthesize
TNF-0, including activated macrophages, natural killer (NK) cells, and T cells. It is reported that high concentration of
TNF-a indirectly and immunologically dependently induces an antitumor response against murine sarcoma.'® High level
of TNF-a has anti-angiogenic activity, and may regulate immune responses and trigger apoptosis of tumor cells.'’
However, a low level of TNF-a in chronic inflammation can act as an endogenous tumor promoter, by activating NF-xB
and JNK-mediated AP-1 signaling pathway.”” TNF-o may exacerbate apoptosis, compensatory proliferation and
carcinogenesis.”' ROS and RNS induced by TNF-a can damage DNA and promote tumorigenesis.''

IL-6 is another pro-inflammatory and pro-tumorigenic cytokine. IL-6 acts as an inducer of acute phase response and
infection defense, as well as a potent hepatocyte mitogen in the liver, which is essential for hepatocyte homeostasis,
metabolic function and liver regeneration.”> However, persistently increased IL-6 in chronic inflammation contributes to
the development of HCC. In a prospective study, it was reported that higher concentrations of IL-6 were associated with
an increased risk of HCC.? IL-6 binds to gp130 and activates JAK-STAT signaling pathway, then phosphorylates STATSs
(STAT1 and STAT3), which function as transcriptional factors related to tumorigenesis. IL-6 induces compensatory
proliferation of hepatocytes, prevents cellular senescence, and promotes tumor angiogenesis and lymphangiogenesis.**
Furthermore, IL-6 is found to be a crucial regulator of MDSCs accumulation and activation.”® IL-6 produced by TAM
can promote the expansion of human hepatocellular carcinoma stem cells.*®

The role of TGF-f is complex in liver tumorigenesis. TGF-f activates SMAD signaling pathway, which is crucial for liver
architecture and biliary morphogenesis, and maintenance of liver homeostasis. In the early stages of tumor development, TGF-3
acts as a tumor suppressor by inducing cell cycle arrest and apoptosis.”” However, it later mediates an immunosuppressive
microenvironment and contributes to tumor progression. TGF-f} in chronic liver inflammation activates HSCs to myofibroblasts,
exacerbating liver fibrosis and hepatocarcinogenesis.'> TGF-p induces epithelial mesenchymal transition (EMT), associated with
invasiveness and metastasis of tumor cells.”® TGF-B inhibits anti-tumor immune by directly upregulating the transcriptional
expression of PD-1 in cancer cells, promoting the differentiation of M2-type macrophages, suppressing the activities of
CD8'T cells, NK cells, DCs, and increasing the activity of CD4'T cells.?’

IL-10 may have pro- or anti-tumorigenesis effects. IL-10 is synthesized by TAM, lymphocytes, and tumor cells. IL-10
controls inflammatory processes by suppressing NF-kB signaling.*® IL-10 mediates the activation of NK cells and CTL

3! and STAT3-IL10-IL6 autocrine-paracrine loop enables macrophages to maintain their scavenging ability,*

cells,
contributing to tumor inhibition. However, it was reported that serum IL-10 is elevated significantly with liver disease
progression and has a positive correlation coefficient with transaminase values, suggesting its role in chronic inflamma-
tion leading to HCC.** IL-10 induces sustained STAT3 phosphorylation, related to tumor cell proliferation, genomic

instability and migration.*® IL-10 can also reduce antigen presentation of APCs facilitating tumor escape.’’
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Inflammation and Tumor Angiogenesis

HCC is one of the most vascular solid tumors, and angiogenesis is crucial in HCC development, progression and
metastasis.** New vessels provide nutrients to tumor cells. Neovascularization plays a pivotal role in collateral circula-
tion formation of the portal veins, mesenteric congestion, and high perfusion, contributing to the progression from liver
fibrosis to HCC.>®> Additionally, the vessels in sustained angiogenesis are structurally and functionally abnormal, tortuous
with uneven diameter and irregular branches, and immature with high leakiness, which may contribute to interstitial
hypertension, severe hypoxia and necrosis.*>*® Tumor angiogenesis also participates in the development of an immu-
nosuppressive microenvironment. Angiogenesis factors directly suppress APCs and immune effector cells, or enhance
the effect of Treg, MDSCs and TAMs. Those suppressive immune cells can also drive angiogenesis®’ (Figure 1).

Inflammation is a key element in the angiogenesis of HCC. Persistent inflammation impairs oxygen diffusion to
hepatocytes, promotes vascular permeability, and enhances the recruitment of various leukocytes, which release numer-
ous pro-angiogenic cytokines.”® Degradation of basement and membrane and extracellular matrix in inflammation
promotes the synthesis of cytokines.>* Activated HSCs in the tumor microenvironment also produce growth factors.
Various pro-angiogenic factors mediate the proliferation and migration of endothelial cells (ECs), and the formation of
new vessels. Excess of inflammatory cells contributes to a local hypoxia state in the liver, and hypoxia is another critical
stimulant of angiogenesis.*’ Oxidative stress and ROS produced in inflammation also initiate angiogenesis.
Neovascularization enables the continuous recruitment of inflammatory cells and release of pro-angiogenic cytokines.
These series of positive feedback loops ultimately create a vicious cycle.*!

Vascular endothelial growth factor (VEGF) is one of the most important pro-angiogenic cytokines. VEGF-A binds to
VEGFR-2, which causes an increase of vascular permeability and vasodilatation by inducing NO production. VEGF-A also
promotes ECs survival by activating phosphatidylinositol-3-kinase pathway and production of anti-apoptotic proteins.**

Other pro-angiogenic factors synthesized in inflammation include fibroblast growth factors (FGF), angiopoietins,
platelet-derived growth factor (PDGFs), integrins, and cadherins.*® Activation of various signaling pathways in inflam-
mation, such as STAT3, NF-xB, PI3K/Akt, and p38 MAPK, are proved to be associated with angiogenesis in tumor
development.*® Thrombospondin-1 (TSP-1), endostatin, angiostatin can inhibit angiogenesis through interference with
VEGF, FGF and integrins.*®

Anti-angiogenic therapy is a promising treatment of HCC. Some drugs, such as Sorafenib, can block the receptors
that trigger angiogenesis, including VEGFR2, PDGFR, FGFR and so on. Moreover, Bevacizumab can bind to VEGF as
antibody, and thus reverse pro-angiogenic microenvironment and inhibit progression of HCC.

Inflammation and Aging

Uncontrolled chronic, low-grade inflammation drives carcinogenesis in aging. Inflammation is one of the hallmarks of
aging. In the process of aging, it shows dysregulation of the inflammatory response as well as an imbalance between
inflammatory and anti-inflammatory mechanisms,** which is known as “inflamm-aging”. The expression levels of some

cytokines and chemokines increases, such as IL-1p, IL-6, IL-8, TNF—oz,45 46

are significantly elevated with activation of
NF-«B and STAT3 signaling pathways.*’ Serum C reactive protein (CRP) also increases in the elder.*® Inflamm-aging
participates in immunosenescence and formation of an immunosuppressive microenvironment, resulting in reduction of
the capacity to cope with a variety of stressors and inducing carcinogenesis.*’

Chronic inflammation is related to some aging-related diseases. Pro-inflammatory cytokines may play a major role in
the higher risk of cardiovascular events, such as atherosclerosis, while dysregulation of the inflammatory pathway may
also be involved in the pathophysiological mechanisms of neurodegenerative disorders, such as Alzheimer's disease.**>°
It is reported that liver aging is associated with increased necroptosis, and necroptosis contributes to chronic inflamma-
tion in the liver, which contributes to liber fibrosis, CLD, and possibly carcinogenesis.”' (Figure 1) However, it remains to

be illustrated how chronic inflammation contributes to aging-related HCC development.

Immune Microenvironment Mediates HCC Development
Exposed to foreign molecules in the portal blood constantly, the liver maintains in an anti-inflammatory and immuno-
tolerant state. However, the liver has strong self-defense mechanisms and is able to mount a rapid immune response. The
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Figure 2 Immunosuppressive microenvironment mediates HCC development.

innate immune cells, including DCs, NK cells, NKT cells, monocytes, and liver-resident macrophages (Kupffer cells), as
well as adaptive immune cells, including CD4'T cells and CD8'T cells, are involved in liver immunity. They can remove
harmful substances in liver and eliminate early cancer cells.’** Targeted therapy, and immunotherapy mainly concerned
with PD-1 and Chimeric Antigen Receptor T-cell Immunotherapy (CAR-T) have been widely used in clinical practice.
However, chronic inflammation can inhibit anti-tumor immunity, and induce an immunosuppressive microenvironment,

allowing malignant cells to escape from immune surveillance (Figure 2).

Activation of Cancer-Associated Fibroblasts
The activation of cancer-associated fibroblasts (CAFs) is vital to HCC development, progression and metastasis. CAFs
originate from HSCs, bone marrow mesenchymal stem cells or other precursor cells. Tumor cells of HCC can induce
HSCs into CAFs by secreting CXCL6 and TGF-,>* forming exosomal miRNA-21 and upregulating PDK1/AKT
signaling.> The feedback loop accelerates tumor progression.

CAFs can directly communicate with tumor cells. BGN and VCAN secreted by CAFs might bind to TLR2 on HCC
cells, while CD81 on CAFs might bind to GPC3 on HCC cells, initiating signal transduction.’® CAFs also product
various of pro-tumorigenic cytokines and remodel ECM, indirectly involved in HCC deterioration. CAFs secrete lots of
ECM proteins and lead to matrix degradation, deposition and stiffening, which can promote tumor cells proliferation and
chemotherapeutic resistance.”” CAFs can promote the angiogenesis of HCC. CAFs are reported to produce VEGF and
upregulate EZH2/VASH| pathway.”® Another study shows CAFs highly expressed CD90 can generate placental growth
factor (PGF) and facilitates neoangiogenesis.5 ° Some signals, such as HGF, EGF, PDGF, TGF-p, produced by CAFs and
other tumor-associated stromal cells, can induce epithelial-mesenchymal transition (EMT), which is responsible for HCC

progression and metastasis.*’
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CAFs induce the forming of an immunosuppressive microenvironment. CAFs-derived PGE2 and indoleamine 2.3-diox-
ygenase (IDO) inhibit NK cells activation and decrease the cytotoxicity.®' Endosialin expressed by CAFs can interact with
CD86 and recruit macrophages, while CAFs-derived GAS6 can mediate TAMs polarization to M2, promoting HCC
progression.®” CAFs in HCC can induce neutrophils recruitment and decrease their spontaneous apoptosis through IL-
6-STAT3-PDLI signaling, and enhance the inhibitory effect of neutrophils on T cells, leading to immune suppression.®*
Another study shows CAFs in HCC can promote the generation of regulatory DCs and DCs suppress T-cell function and
facilitate Tregs proliferation by producing IDO. CAFs also enhance immune suppression by inducing MDSC generation and
activation, for which CAFs-derived IL-6 and SDF-1a, as well as STAT3 activation may be responsible.**

Activation of Pattern Recognition Receptors

The innate immune responses mediate by pattern recognition receptors (PRRs) contribute to the development of HCC.
PRRs, including Toll-like receptors (TLRs), C-type lectin receptors (CLRs), NOD-like receptors (NLRs), RIG-I-like
receptors (RLRs) and AIM2-like receptors (ALRs), are activated by microbe-associated molecular patterns (MAMPs)
from the gut, which induce proinflammatory responses.

The activation of TLRs is suggested to play a role in HCC development. TLRs are expressed on different cells in liver. Kupffer
cells express TLR2,3,4 and 9. Hepatocytes express TLR2,3,4 and 5. HSCs express TLR4 and 9. Liver sinusoidal endothelial cells
(LSEC) express TLR4. NK cells express TLR2,3,5,8 and 9.%° TLRs are activated by signal through myeloid differentiation factor
88 (MyD88), then upregulate NF-kB, JNK, p38, ERK1/2 signaling pathway, and mediate the production of various proinflam-
matory cytokines, such as TNF-o, IL-1, IL-6, and IL-8, which may contribute to hepatocarcinogenesis.®>®’

Activation of TLR4 is significant in liver cancer development. It is reported that strong cytoplasmic TLR4
expression is an independent factor for poor prognosis in HCC.®® Mice deficient in TLR4 and MyD88, but not
TLR2, have a marked decrease in the incidence, size, and number of diethylnitrosamine-induced liver cancer.®’
Chronic inflammation is associated with changes in gut microbiome composition. Gut-derived LPS and TLR4 are
proved to be critical for HCC promotion.”” TLR4 signaling induced by LPS can promote epithelial-mesenchymal
transition in HCC.”' Isolated stem cell-like cells (TICs) exhibit TLR4-dependent upregulation of NANOG. TLR4-
NANOG pathway induces the expression of Igf2bp3 and Yapl, which inhibit TGF-B tumor suppressor pathway,
and contribute to TICs’ tumorigenic activity.”> TLR4-NANOG also cooperates with leptin receptor-Pstat3 signal-
ing pathway, resulting in liver tumorigenesis through an exaggerated mesenchymal phenotype with prominent
Twist1-expressing TICs.”® Furthermore, TLR4 controls telomere and maintains telomeres length through hetero-
chromatin protein 1 isoforms, and thus promotes the malignant growth of liver cancer cells.”*

Increased expression of TLR2 is also shown in the hepatic inflammation-fibrosis-carcinoma sequence. Gene
silencing of TLR2 inhibits the proliferation of human liver cancer cells and secretion of inflammatory cytokines,
indicating its contribution to HCC development.” It has been demonstrated that extracellular HSP70-peptide
complexes promote the proliferation of HCC cells through activation of TLR2 and TLR4 and the JNK1/2/MAPK
pathway.’® During hypoxia, high mobility group box 1 (HMGBI1) binds to TLR9, leading to activation of p38 and
phosphorylation of PGC-10, which result in upregulation of mitochondrial biogenesis and promote HCC survival
and proliferation.”” Increased TLR5 expression is also an independent risk factor for poor HCC prognosis.”® These
studies indicate that activation of various TLRs promotes HCC development through multiple mechanisms.

It has been reported that the activation of NLRs (NODI1 and NOD2) can regulate proinflammatory responses
mediated by TLRs and thus affects the development of HCC.”

Adaptive Immune Cells in Liver Carcinogenesis
During early tumor growth, adaptive immune cells play a critical role in surveilling and killing tumor cells. However,
dysregulation of immune surveillance is exhibited in the tumor microenvironment.

The effect of CD8'T cells on HCC development is paradoxical. On the one hand, CD8 T cells play antitumorigenic roles as
tumor-infiltrating lymphocytes (TILs). CD8 T cells and CD4 T cells can secrete IFN-y and suppress the development of cancer.
Cytotoxic CD8+T cells also produce perforin and directly mediate tumor cells death.* It is reported that chronic inflammation and
fibrosis in humans and mice with NASH is accompanied by accumulation of immunoglobulin-A-producing (IgA ") plasma cells,
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which express programmed death ligand 1 (PD-L1) and IL-10, and promote tumor growth by directly suppressing cytotoxic
CD8'T cells activation.®' Continuous tumor antigen exposure may lead to CD8"T cells exhaustion and dysfunction, resulting in
reduced cell proliferation and cytotoxic capacity. Exhausted CD8 T cells are correlated with poor clinical outcome in HCC.* It is
induced by activation of immune checkpoint pathways,** and characterized by overexpression of inhibitory receptors, such as
programmed cell death protein 1 (PD-1) and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4).** Immune checkpoint
inhibitors (ICIs) are widely used clinically. ICIs can block the interaction of checkpoint proteins and their ligands as antibodies,
especially between PD1 and PDL1, CTLA4 and CD80/86, and thus reduce the inactivation of cytotoxic T cells. Additionally, the
combination of the anti-PDL1 antibody Atezolizumab and the VEGF antibody Bevacizumab has been shown to have stronger
antitumor effects. Other ICIs, such as LAG3 and TIM3, remain to be potential antitumor targets. On the other hand, activated
CD8'T cells have protumorigenic effects in HCC by activating NF-kB pathway and producing LIGHT, lymphotoxin-o and
lymphotoxin-B.*> Furthermore, accumulation of lymphocytes and formation of ectopic lymphoid-like structures (ELSs) are
associated with poor prognosis for HCC. ELSs function as microniches for tumor progenitor cells.*

CD4"CTLs can produce IFN-y and play a role in immune surveillance in HCC. In NAFLD-induced HCC, disruption
of mitochondrial function by linoleic acid generates higher levels of ROS, and mediates the selective loss of intrahepatic
CD4'T lymphocytes, leading to accelerated hepatocarcinogenesis.®’ Further analysis shows that the progressive deficit in
circulating and tumor-infiltrating CD4"CTLs induced by increased FoxP3+Treg is correlated with poor survival and high
recurrence rates in HCC patients.*® In HCC, the function of CD4'T follicular helper (Tfh) cells is impaired, with
dysfunction in IL-21 secretion and induction of B cell maturation, contributing to reduced survival time.*” On the other
hand, CD4"Th17 cells antagonize the differentiation and function of IFN-y producing Th1 cells. IL-17 secreted by Th17
can activate IL-6-Stat3 signaling pathway and thus promote HCC growth.”

Interaction between tumor-infiltrating B cells and T cells enhances the local immune response and limits the
progression of HCC, leading to a better prognosis.”’ It is indicated that T cells prevent initial tumor formation, while
B cells critically limit the growth of established tumors.”> On the contrary, the levels of serum B cell-activating factor
(BAFF) are higher in NASH patients than in simple steatosis patients, and higher levels are associated with the presence
of hepatocyte ballooning and fibrosis,”* indicating the likely contribution of B cells to HCC development.

Recruitment of Tregs and MDSCs
Tregs and MDSCs can inhibit tumor immune surveillance and induce an immunosuppressive microenvironment.
CD4'CD25 Foxp3 T cells, termed regulatory T cells (Tregs), play a crucial role in promoting HCC development.
Tregs can secrete anti-inflammatory cytokines, such as TGF-p, IL-10 and IL-35, and suppress antigen-specific T-cell
responses via inhibitory molecules such as CTLA-4 and Lag-3.%* Tregs also directly induce the apoptosis of effector cells
via granzyme and perforin.”> Additionally, Tregs impair T cells proliferation via IL-2 signaling, regulate the maturation
and function of dendritic cells (DCs), and produce nucleotides.’®*” Studies have suggested that Tregs are accumulated in
HCC and increased Tregs are correlated with CD8'T cells impairment and poor survival in HCC patients.”® Chimeric
Antigen Receptor T-Cell Immunotherapy (CAR-T) has also been applied in clinic. It is reported that Tregs account for
HBV-induced HCC by inducing and maintaining the liver’s suppressive microenvironment.’’ Tregs and neutrophils
extracellular trap interaction also contributes to NASH-induced HCC.””
MDSC:s are a heterogenic population of immature myeloid cells, including progenitors of macrophages, DCs, and granulo-

100,101 and

cytes. MDSCs can suppress T cells responses by producing TGF-f, IL-10, ROS, RNS, arginase 1, indoleamine oxidase,
by depleting cystine and cysteine.'”> MDSCs also affect T cell function, survival and trafficking in HCC through diverse
mechanisms. MDSCs can induce Treg expansion.'*® Higher levels of MDSCs are shown in HCC patients.'®* The overexpression
of inflammatory cytokines, such as IL-1B, IL-6, prostaglandin E, (PGE,), granulocyte macrophage colony-stimulating factor
(GM-CSF) and vascular endothelial growth factor (VEGF) in tumor microenvironment can recruit MDSCs to the site of

inflammation and activate them.'% The activation of HSCs can also recruit MDSCs.

Polarization of TAMs
Tumor-associated macrophages play a critical role in HCC development, growth and metastasis. In the early tumor stage,
Type 1 macrophages (M1) infiltrate and mediate pro-inflammatory response. M1 macrophages are induced by Thl
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cytokines such as INF-y, GM-CSF and LPS at the site of inflammation. M1 macrophages can secrete pro-inflammatory
cytokines, such as IL-6, IL-12, and TNF-a.”® M1 macrophages also enhance anti-tumor immune by presenting antigens
via MHC molecules, and producing CXCL19 and CXCL10 to attract and promote T cells and NK cells development.'”
M1 macrophages are cytotoxic by releasing ROS or toxic intermediates.'’® Overall, M1 macrophages contribute to the
elimination of tumor cells in the early stage of HCC development. Interestingly, TNF-a produced by TAMs activates NF-
kB which protects hepatocytes from apoptosis and promotes tumor growth.'%?

However, TAMs polarize to a more Type 2 macrophages (M2) state in the advanced stage of tumorigenesis. The M2
polarization of TAMs is stimulated by CSF-1, IL-4 and lactate in hypoxic tumor tissue.'”” M2 macrophages release anti-
inflammatory factors, such as IL-10, IL-23, PGE-2 and TGF-B.”® M2 macrophages lack sufficient MHC expression and
induce an immunosuppressive environment by producing chemokines such as CCL17, CCL22 and CCL24, favoring Treg
recruitment and development.'” Furthermore, M2 macrophages can promote cancer proliferation, angiogenesis and ECM
remodeling.'®® M2 macrophages secrete growth factors including TGF-p, VEGF, EGF, PDGF, angiogenic factor
thymidine phosphorylase, angiogenesis-modulating enzymes COX-2 and MMPs, promoting migration of endothelial

cells and angiogenesis in HCC. M2 macrophages promote HCC invasion by remodeling the matrix.'%*

Activation of HSCs
The activation of HSCs promotes HCC development. HSCs are important stromal cells in the tumor microenvironment
and can be activated by various immune cells during chronic inflammation, such as NK cells and TAMs. Mediators that
activate HSCs include TGF-B, PDGF, connective tissue growth factor (CCN2), VEGF, viral infection, FAK-MMP9
signaling, p53/21, PI3K/AKT, MAPK/ERK, IL-6/Stat3 signaling pathways.'®

Activated HSCs accelerate liver fibrosis and thus induce HCC. HSCs can secrete extracellular matrix (ECM) and
form scar tissue, which protects the liver from further damage. However, in chronic inflammation, HSCs are persistently
activated into a myofibroblast-like phenotype. Excess collagen and other ECM components are deposited as the liver
generates a wound-healing response to encapsulate injuries, which contribute to liver fibrogenesis, even further cirrhosis
and carcinoma.''”
Activated HSCs can induce immunosuppression and promote HCC development. HSCs inhibit lymphocyte infiltra-
"' HSCs secrete

cytokines which induce MDSCs expansion and induce MDSCs from peripheral blood monocytes in a CD44-dependent

tion in tumors, induce apoptosis of infiltrating mononuclear cells, and enhance the expression of Tregs.

fashion.''> HSCs also induce polarization of TAMs from inflammatory M1 macrophages to immunosuppressive M2
macrophages, contributing to the poor prognosis in HCC."'? Additionally, HSCs mediate T cells apoptosis by enhanced
expressing of B7-H1, and inhibit T cell responses.''* Furthermore, activated HSCs secrete angiogenic growth factors
such as VEGF to induce tumor angiogenesis.'” Overall, activation of HSCs helps the tumor to escape from immune
surveillance and promote HCC growth.

Conclusion

In the tumor microenvironment of HCC, chronic inflammation triggers malignant transformation of cells and promotes tumor
growth, while the formation of an immunosuppressive microenvironment allows tumor cells to escape from immune surveillance,
which makes the tumor microenvironment one of the targets for cancer therapy. Therefore, it may be effective to develop strategies
to block tumor-promoting chronic inflammation, or to transform the immunosuppressive state into an anti-tumor immunity state.
Targeting tumor microenvironment, such as tumor angiogenesis, has been widely used in treatment of HCC for its advantages of
high selectivity, effectiveness due to its unique mechanism, low toxicity to normal cells and various potential targets. However, it
meets plenty of challenges, including development of drug resistance, difficulties in developing drugs due to the characteristics of
some targets and so on. Tumor immunotherapy is also an effective and promising strategy in clinic, especially in the advanced
stage of HCC, including CAR-T and ICIs. However, the existence of cold tumors which lack of CILs and are in hypoimmune state,
and the low response rate due to tumor heterogeneity and variability of microenvironment bring challenges. The combination
therapies and individualized therapies should be further studied. Furthermore, a better understanding of inflammatory and
immune signals is required to find more effective therapy targets.
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