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Abstract

Hepatocellular carcinoma (HCC) is one of the most lethal and prevalent human malignancies, leading to poor prognosis due
to its high recurrence and metastasis rates. In recent years it has become increasingly evident that the tumor microenvironment
(TME) plays an important role in tumor progression and metastasis. Tumor microenvironment (TME) refers to the complex
tissue environment of tumor occurrence and development. Here, we summarize the development of HCC and the role of cel-
lular and non-cellular components of the TME in the metastasis HCC, with particular reference to tumor-infiltrating immune
cells. We also discuss some of the possible therapeutic targets for the TME and the future prospectives of this evolving field.
SIGNIFICANCE: This review provides a comprehensive analysis of the role of the infiltrating immune cells in TME in the
metastasis of HCC and highlights the future outlook for targeted therapy of the TME in the context of recent experiments
revealing a number of therapeutic targets targeting the TME.
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1 Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies in the world, mainly occurring in developing
countries, and the fourth leading cause of cancer-related
death [1]. Common risk factors for HCC is liver damage
caused by chronic hepatitis B and C infections, alcohol,
and diabetes, followed by liver inflammation, necrosis, and
hepatocyte proliferation. This continuous cycle of destruc-
tion-regeneration process leads to cirrhosis characterized by
dysplastic nodules [2], which eventually leads to HCC.
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Despite advances in surgical excision and transplanta-
tion, the prognosis of HCC patients remains unsatisfactory,
which is associated with a high rate of metastasis of HCC
[3]. The process of HCC metastasis can be simplified as:
(a) continuous expression of adhesion molecules and an
intact substrate, confining cancer cells to the tumor site; (b)
epithelial-mesenchymal transition (EMT) occurred in some
cells, promoting local infiltration and invasion; (c) Tumor
cells enter the circulation, reach the site of secondary tumor,
colonize and grow, and achieve metastasis. According to
current studies, tumor cells, immune cells, stromal cells,
endothelial cells and cancer-related fibrocytes all exist in
the tumor microenvironment (TME) [4] and regulate HCC
progression differently. In this review, we mainly provide an
overview of the role of immune cells in the tumor microenvi-
ronment and highlight their possible regulatory mechanisms
for HCC metastasis.

2 Development of HCC
As the main metabolic organ of the body, liver is constantly
targeted by intestinal pathogens, microbiome associated

molecules, toll-like receptor agonists and various metabo-
lites. Thus, a healthy liver has immunosuppressive polarity
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that weakens T-cell-mediated antigenic responses and is
maintained by other liver-resident cells, including Kupffer
cells (KCs), dendritic cells (DCs), regulatory T (Treg) cells,
and liver sinusoidal endothelial cells (LSECs) [5]. However,
this immunosuppressive microenvironment, maintained by
the cooperation between liver resident cells and peripheral
white blood cells or bone marrow cells, is destroyed in the
development of HCC and further exhibits a malignant effect
of tumor promotion. The persistence of chronic inflamma-
tion is believed to be the beginning of this event.

Current studies believe that chronic inflammation is the
leading risk factor inducing the transformation of HCC
microenvironment [6]. In inflammatory liver disease, inflam-
matory abnormalities may promote the activation of innate
immune responses including recruitment of monocytes, neu-
trophils, and dendritic cells (DC), as well as specific immune
responses at sites of stress. Furthermore, inflammation can
also alter the homeostasis of liver-resident cells [7], leading
to liver fibrosis and further transformation to cirrhosis.

Tumor initiation is thought to be the process by which
normal cells gain a survival advantage and gradually accu-
mulate cancer-causing mutations [8]. Chronic liver injury
and inflammation induce compensatory regeneration of the
liver to restore organ structure and maintain its function.
This unique liver response is characterized by hyper- pro-
liferation of hepatic A6+ KRT19 + progenitor- like cells
around bile ducts near to the portal vein, known as the ductal
response. Ductal response is considered to be a key step in
carcinogenic transformation. Cells proliferate rapidly in the
microenvironment induced by carcinogenic pathway, and
gene mutations accumulate rapidly and are endowed with
malignant potential [9, 10].

Despite tumor metastasis is mainly relevant to the malig-
nant degree and type of the primary tumor, the so-called
“invasion-metastasis cascade” is one of the common features
that all metastases need to go through. After tumor cells gain
invasiveness and lose adhesion to the surrounding matrix,
the metastasis process begins and then tumor cells shed from
the primary tumor nest. The disseminated tumor cells will
penetrate blood vessels or lymph vessels into the circulation
and make responses to diverse resistance conditions such as
immune surveillance. Only a small amount of tumor cells
can enter the pre-metastatic niche and seed in the niche [11].
After seeding, tumor cells either enter a long-term dormant
state or micro metastasis, and finally develop into clinical
metastases.

3 Non-immune cells in TME
Hepatic stellate cells (HSCs), tumor-associated endothelial

cells (TAECs) and cancer-associated fibroblasts (CAFs) are
important non-immune cells in TME, which play important
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structural functions in normal liver tissues and provide assis-
tance in the process of HCC metastasis. TAECs participate
in the formation of tumor neovascularization, and are irregu-
larly arranged, loosely connected, and have large gaps in
HCC tissues, providing the structural basis for HCC metas-
tasis [12]. Further enhancement of HSC activation and sig-
nificantly increased a-SMA expression were observed in the
acidic tumor microenvironment of HCC, which was proved
to be due to the activation of the Erk1/2 signaling pathway.
Activated HSC promotes HCC metastasis through OPN, a
key executive molecule [13] (Fig. 1).

A large number of cancer-associated fibroblasts is
a prominent feature of HCC-TME, which significantly
increases the secretion of matrix metalloproteinases (MMP)
and acts on the extracelluar matrix (ECM) barrier to promote
tumor invasion. Meanwhile, CAFs can secrete a variety of
cytokines and chemokines, such as SDF-1, which recruits
endothelial cells to the tumor site and promotes angiogen-
esis; IL-6 can promote bone marrow-derived inhibition of
cell proliferation, and improve the dryness of liver cancer
cells by enhancing STAT3/Notch signaling [14]. It should
be emphasized that, different from the apoptosis process of
normal cells, CAFs can remain active even after the origi-
nal stimulus is removed during HCC progression, which in
a sense demonstrates the “uncontrolled” characteristics of
tumors [15].

4 The immune cells in TME
4.1 Cytotoxic T lymphocyte

Studies have shown that CD8 cytotoxic T cells (CTLs) are
the immune cells that primarily kill tumor cells and are the
preferred immune cells targeting cancer. CD8* T lympho-
cytes, after activation and modification to CTLs, utilize two
main pathways for killing their target cells: Granule exo-
cytosis and Fas ligand (FasL)-mediated apoptosis. In the
granular exocytosis pathway, when CTLs encountered can-
cer cells, perforin will be produced to make cell membrane
pores acting as a channel to release granzyme A and B into
the TME. The released granzyme then enter the target cells
and dissociation them. The FasL pathway activates FasL
through CTL to release cytochrome C and activate caspase-
mediated apoptosis. In addition, apart from increasing pro-
inflammatory cytokine production and antigen presentation,
CTLs make it to directly killed tumor cells by producing
interferon y (IFN-y), a key factor of anti-tumor immunity.
Clinical studies had found that tumor cells exposed to IFN-y
secreted by CTL occurred genetic instability, including DNA
damage response associated with copy number variation
[16].
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Fig. 1 A general overview of
mechanisms and interactions
of the HCC microenvironment.
Effect of cellular compo-
nents in TME on metastasis
of hepatocellular carcinoma.
TAECs indicates tumor-asso-
ciated endothelial cells, HSCs
indicates hepatic stellate cells,
CAFs indicates tumor-associ-
ated fibroblasts, CTL indicates
cytotoxic T lymphocytes, Treg
indicates regulatory T cells,
MDSCs indicates myeloid-
derived suppressor cells, TAM
indicates tumor-Associated
Macrophages, TAN indicates
tumor-Associated Neutrophils

It’s worth noting that the specific antitumor effect of CTL
in HCC metastasis has not yet been found, and CTL appears
to kill tumor cells in a broad-spectrum form.

4.2 NKcells

Apart from exhibiting an inherent capacity to kill tumor cells
without prior sensitization, NK cells also affect the activ-
ity of other immune cells via the production of cytokines,
such as interferon-gamma (IFN-y). NK cells are mainly
subdivided into two subsets, CD56brightCD16dim and
CD56dimCD16bright NK cells [17]. Over the total NK cells,
CD56dimCD16bright cells account for approximately 90%
and show mature phenotype, mediating cytolytic reactions
while the immature CD56brightCD16dim ones mainly pro-
duce cytokines [18]. Approximately 90% of peripheral blood
and spleen NK cells are CD56dimCD16bright ones that
exhibit strong cytotoxic effects [19]. CD56brightCD16dim
cells are the main NK cell subsets in liver, which exhibits a
strong ability of producing cytokine [20].

In most healthy nucleated cells [20], highly expressed
MHC class I can connect with inhibitory receptors on
the surface of NK cells, removing the activation signals
of activating receptors [21]. While abnormal cells with
downregulated expression of fail to activate inhibitory
receptors, in which case the killing of target cells is trig-
gered by the uninhibited activation signal produced by

®
\\77/
CTL
& @g
metastasis M4 7
of HCC Ory,

the activated receptor [22]. Activated NK cells first make
contact with target cells via integrins such as leukocyte
functional antigen-1, and then induce apoptosis with the
exocytosis of perforins and granzymes [21]. NK cells can
also secrete proinflammatory cytokines and chemokines
exerting immunomodulatory effects on the function of
Treg cell and dendritic cells (DCs) [23].

The effect of tumor-induced microenvironment on
tumor escape from NK cell-mediated cytotoxicity is
mainly through the following two mechanisms: the imbal-
ance between NK cell-killing active and killer-inhibiting
receptors inhibits the effect of NK cell function; Tumor
cells self-modify by selecting/editing low immunogenic-
ity antigens to avoid detection or destruction of NK cells
[24]. For example, DC cells can promote the survival, dif-
ferentiation, cytotoxicity and secretion of interferon-y of
NK cells by secreting cytokines [25].

On account of the median oxygen level of 0.8%, Hepatic
cellular carcinoma is always associated with hypoxia [26].
Under conditions of prolonged hypoxia, NK cells them-
selves upregulate HIF-1a to downregulates the expression
of activators of NK cells, such as NKp30, NKp44, NKp46
and the natural killer group 2D (NKG2D) receptor [27]. In
addition, HIF-1a as well alters the expression of glycolytic
enzymes, metabolite transporters and enzymes involved in
biosynthesis (e.g., PMK2, GLUT1 and FAS) [28, 29], and
further affect the metabolism of NK cells.
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4.3 Regulatory T cells

Regulatory T cells (Treg), an immune subset of CD4+T
cells characterized by expression of Foxp3 and CD25.While
Tregs have an impact on maintaining self-tolerance of the
immune system, they can also suppress antitumor immu-
nity within the TME and associated with a range of disease
progression, including cancer development and progression.
Infiltration of a large number of Tregs within a tumor are
associated with worse prognosis across many cancers (such
as breast, ovarian, and hepatocellular cancers). But in set-
tings of chronic inflammation such as colorectal cancer, the
presence of Tregs suppressing chronic inflammation is ben-
eficial, which associated with a good prognosis [30].

During liver cancer metastasis, tumor cells need to
evade surveillance and elimination of abnormal tissue cells
by the immune system, and Treg cells can play this role.
Tregs can promote tumor metastasis by suppressing tumor
immune responses and/or directly promoting tumor inva-
sion and migration. This includes competing for and con-
sumption of IL-2, producing immunosuppressive factors
such as IL-10, IL-35 [31] and TGF-f, secreting granzyme
and/or perforin [32] to destroy effector cells, and exerting
their immunosuppressive effects through the interaction of
target cell surface receptors (e.g., CTLA-4) with target cells
(e.g., CTL) in various ways. Proliferating cancer cells often
cause a hypoxic microenvironment, and HIF1a produced by
hepatocellular carcinoma cells during hypoxia can upregu-
late the expression of CCL28 [33], which can effectively
recruit CCR10 + Treg cells to tumor sites, thus promoting
tumor metastasis. Meanwhile, the abundant liver-resident
cells like Kupffer cells, LSECs and HSCs [34], also play
an important role in Treg generation. Clinically, elevated
Treg levels in peripheral blood have also been observed in
patients with liver metastases.

4.4 Myeloid-derived suppressor cells

Myeloid-derived suppressor cells (MDSCs) are immature
myeloid cells classified as granulocytic-MDSCs (G-MDSCs)
and monocytic-MDSCs (M-MDSCs) based on their pheno-
typic and morphological features [35]. MDSCs are the pri-
mary immunosuppressive cells present in TME that sustain
cancer progression, involved in immune escape and immune
tolerance. During the progression of the tumor, tumor cells
can secrete factors such as stem cell factor (SCF) to stimulate
MDSC production by activating JAK and STAT pathways.
MDSC can have a dual effect on immune cells through
different pathways. MDSC can inhibit T cell activity by
secreting immunosuppressive cytokines, reducing T cell
I-selectin expression, oxidative stress induction (inducing
production of nitric oxide synthase), depriving T cells of
essential amino acids (inducing production of arginase), on
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the one hand. On the other hand, it stimulates the produc-
tion of Th17 cells, Treg and M2-type TAM [36], inhibits the
proliferation and activation of CTL, and abrogates hepatic
NK-cell activity via membrane-bound TGF-f [37]. Among
them, M-MDSC and G-MDSC can suppress the immune
response using different mechanisms. M-MDSC expresses
high levels of arginase 1 and inducible nitric oxide synthase,
which inhibit T cell responses. In contrast, G-MDSC acts by
producing high levels of activated oxygen ROS [38]. These
immunosuppressive mechanisms can lead to failure of anti-
tumor immune responses and promote cancer progression,
metastasis, and chemoresistance.

MDSC:s function not only to suppress immune surveil-
lance, but also to directly promote tumor metastasis through
non-immune functions. The mechanisms include influencing
TME remodeling and tumor angiogenesis via production of
VEGF, bFGF, BvS, and matrix metalloproteinase MMP-9
[39]. MDSC also increases CXCL16 expression, and the
importance of the CXCL16-CXCR6 axis in cancer devel-
opment, metastasis is well established, including its pro-
motion of Treg growth [40], promotion of MDSC survival,
and induction of monocyte differentiation into TAM [41].
However, its importance in tumor resistance to anticancer
drugs has not been revealed [42].

4.5 Tumor-Associated Macrophages

Macrophages are leukocytes with antigen-presenting capac-
ity and play an important role in the modification of tissue
structure and the removal of self and foreign components
[43]. Macrophages present in tumor tissue are called tumor-
associated macrophages (TAMs). In some studies, TAMs
have been reported to be actively involved in tumor develop-
ment, promoting cell proliferation, angiogenesis, metastasis,
and invasion [44]. Depending on the embedded microen-
vironment, macrophages can show different phenotypic
states upon activation. This change is called macrophage
polarization. Macrophages are subdivided into antitumori-
genic M1 type (classically activated macrophages) and pro-
tumorigenic M2 type (alternatively activated macrophages)
(Fig. 2). M2 macrophages can be further classified into
M2a,M2b,M2c and M2d subtypes [45].

Induced by Thl cytokine INF-y or lipopolysaccharide
(LPS), M1 is a typical macrophage that expresses lots of
IL-12, triggers inflammation by secreting pro-inflammatory
cytokines (e.g., IL-6, IL-12), and releases reactive oxygen
species (ROS) or toxic intermediates to exert cytotoxic
effects [46]. Luo et al. also found that Inc-Ma301 expressed
significantly in M1 was lower in hepatocellular carcinoma
tissues than in normal tissues, suggesting that it was associ-
ated with lower overall survival in HCC patients, and found
that Inc-Ma301 inhibited the proliferation, migration, and
epithelial-mesenchymal transition (EMT) of HCC cell by
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Fig.2 A schematic overview of mechanisms and interactions of the M1/M2 model of macrophage. M1 cells exert an inflammatory phenotype
and are involved in killing tumor cells, while M2 are involved in inhibiting anti-tumor immunity, impair cytotoxic function

targeting cytoplasmic activation/proliferation-associated
protein-1 (caprin-1) in a subsequent lung metastasis models
[47]. IL-4 or IL-13, TGF-p or glucocorticoids can polarize
macrophages into M2 type with low antigen presentation
capacity, which secret anti-inflammatory cytokines, express
arginase-1, mannose receptors and scavenger receptors in
high levels, and prevent infiltration and activation of DC
cells and CTLs, thereby inhibiting anti-tumor immunity and
promoting tissue repair. In addition, the M2 type produces
high levels of PD-L1, which interacts with PD1 on CTL and
impair cytotoxic function [48]. M2 type can also promote
vascularization through stimulating the formation of new
tumor vessels and the remodeling of the established vascu-
lar system into a more tortuous and leaky form to promote
tumor metastasis [49].

Clinical results show that M1 type macrophages par-
ticipate in the immune elimination of tumor cells during
the initial stages of tumorigenesis, but in the late stage,
M1 type is replaced by M2 type, involving in inhibit-
ing the adaptive immune system and promoting tumor
cell proliferation, angiogenesis and extracellular matrix
(ECM) structure remodeling, so that tumor cells avoid
the response of the immune system and metastasize. The

conversion between M1 (anti-tumorigenesis) and M2 (pro-
tumorigenesis) is a polarization process in response to
microenvironment signals, and the polarization process of
macrophages mediated by TH2 transforms the anti-tumor
environment into a pro-tumor immunosuppressive niche
[50].

The recruitment of macrophages in tissues is closely
related to chemokines. Studies have found that monocytes
can produce more TH2 cytokines and less TH1 cytokines
when induced by colony-stimulating factor CSF-1 [51], and
increase the expression of allogeneic graft inflammatory
factor-1 (AIF-1) through the CSF1R-MEK1/2-Erk1/2-c-
Jun axis, which promotes the increase of CXCL16 in mac-
rophages and HCC cell migration [52]. Clinical HCC sam-
ples showed a positive correlation between CSF-1 levels and
circASAPI levels, which contributed to cell migration [53].
In addition, peritumoral tissue in HCC is rich in CSF-1 and
macrophages, which provides a good pre-metastatic niche
for tumor cell metastasis, and may be related to the devel-
opment of hepatocellular carcinoma, more metastasis in the
liver and poor survival after hepatocellular carcinoma resec-
tion [54], highlighting the important role of peritumoral tis-
sue in HCC metastasis and recurrence.
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Recent studies found a new potential target, carbonic
anhydrase X.II. (cal2) in TAMs, which can stimulate CCL8
secretion in a p38-dependent manner, inducing epithelial
mesenchymal transformation (EMT) in tumor cells and
favoring tumor growth and metastasis [55]. And the stud-
ies also showed inhibiting the expression of carbonic anhy-
drase X.II can reduce tumor growth and lung metastasis in
HCC mouse models. In addition, OIT3, as a liver-specific
zona pellucida domain protein (LZP), has been validated
as a novel marker for replacing activated macrophages. Its
overexpression enhances the cell migration and invasion of
HCC cells and promotes cancer metastasis [56].

4.6 Tumor-Associated Neutrophils

Neutrophils play a key role in the innate response, exerting
antimicrobial and inflammatory functions through differ-
ent mechanisms such as phagocytosis, degranulation and
release of neutrophil extracellular traps (NETs). In response
to inflammatory stimuli, a large number of neutrophils are
recruited in the TME and transformed into tumor-associated
neutrophils (TANs). Related studies showed that, similar to
TAMSs, TANSs are not terminally differentiated immune effec-
tor cells, but polarized to N1 (antitumorigenic phenotype)
and N2 (pro-tumorigenic phenotype) under the complex
regulation of tumor microenvironment [57].

N1 neutrophils inhibit tumor growth by producing ROS,
TNF-o and reducing arginase expression, while producing a
variety of chemokines to recruit and activate immune cells.
N2 neutrophils promote tumor cell proliferation, migration,
and angiogenesis through MMPs, VEGF, and arginase-
expressing enzymes [58]. Mouse models of tumor demon-
strated that type I interferon or TGF-f can induce the con-
version between N1 and N2, indicating the presence of an
antagonistic signaling pathway [59]. In addition, increased
oxygen supply was shown to induce the transformation of
N2 to N1 phenotype, suggesting the facilitative effect of
hypoxia on tumor metastasis [60].

Hepatocyte growth factor (HGF) can stimulate the prolif-
eration of hepatocyte cells and is involved in embryogenesis,
wound healing, angiogenesis, tissue and organ regeneration,
morphogenesis and carcinogenesis. Studies showed that
TAN-derived HGF can directly enhance the transfer ability
of HCC cells by activating the HGF receptor (MET) [61].
The granules of TANSs are involved in cancer metastasis. For
example, MMPs can promote epithelial-mesenchymal trans-
formation in HCC-TME and disrupt the degradation bal-
ance of the stroma, thereby promoting tumor cells to break
through the basement membrane and extracellular matrix,
invade and metastasize to surrounding tissues. Interestingly,
the antitumor effect of N1 type is mediated by expressing
enhanced NADPH oxidase activity, which increases the pro-
duction of ROS to exerts cytotoxic effects. However, ROS
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may damage DNA bases and lead to gene mutations, which
promote tumor development conversely [62]. Feng et al. also
demonstrated that ROS can produce activated p38MARK
to promote the expression of p3 integrins on the surface
of HCC cells, allowing HCC cells to be more invasive and
metastatic [63].

Neutrophil extracellular traps (NETs) are web-like struc-
ture composed of DNA fibers, histone and antimicrobial
proteins extruded by activated neutrophils. NETs can block
the cytotoxic effect of immune cells by covering tumor cells,
and involve in lung metastasis from hepatocellular tumor
[64]. Studies showed that TANs in HCC patients exhibits
greater NETs secretion and more NETS are found in meta-
static cases. And in subsequent model studies, inhibition of
NETs by DNase reduces liver metastasis as direct evidence
of the role of NETs in HCC metastasis [65].

Following HCC cells capture, NETs induce resistance
to death and enhance invasion capacity of HCC cells, and
NETs are internalized into captured HCC cells, activating
the TLR4/9-COX2 signaling pathway to trigger their meta-
static potential [66]. Activation of the TLR4/9-COX2 path-
way is an important molecular event in which NETs enhance
the metastasis ability of HCC cells. In addition to inducing
COX2 upregulation and triggering an aggressive inflamma-
tory response, the upstream molecule TLR4/9 itself is an
important sensor of multiple damage-related molecular pat-
terns, mediating cellular contact between host cells, and the
activation of TLR4/9 also indicates a highly metastatic phe-
notype of HCC cells [67]. Besides, in normal tissues, NETs
can exert potentially cytotoxic effect against captured patho-
gens, and this mechanism can also act on the captured HCC
cells to trigger potentially cytotoxic resistance and enhance
the viability of tumor cells. The adhesion of HCC cell in the
liver and lung was significantly increased in LPS-induced
NETs models, and this increase was abolished by DNasel,
suggesting the importance of NETs on HCC metastasis [65].

New studies found that NETs also promote epithelial-
mesenchymal-transformation (EMT) in tumor cells and
downregulate the expression of the adhesion molecule
VE-cad on endothelial cells, thereby disrupting the integ-
rity of vascular system in tumor tissues and enhancing the
metastasis of HCCs [68]. The contents of NETs were also
found to be involved in HCC metastasis. The highly oxidized
mtDNA in HCC-NETs can cause significant inflammation
[69], and NETs-associated cathepsin G (cG) component
can decrease E-cadherin expression in vitro and promote
HCC cells invasion [70], which provides a potential target
for HCC treatment.

4.7 Becells

According to current studies, the role of B cells in HCC
metastasis can’t be clearly defined as inhibition or
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promotion. On the one hand, B cells are effective antigen-
presenting cells (APCs), which can activate CTL activity
and secrete cytokines that contribute to liver cancer metas-
tasis, and can also directly kill tumor cells by secreting cell
granzyme B [71, 72]. On the other hand, cytokines produced
by B cells can also recruit MDSC and promote angiogenesis,
and its subgroup B-REG can also convert resting CD4+ T
into Treg to promote tumor metastasis. Studies have shown
that the loss of specific TGF- on the surface of B cells can
inhibit the development of HCC [73]. Liu et al. also found
that CXCR3 + B cells can interact with the HCC microenvi-
ronment to promote the polarization of M2b macrophages at
the edge of invasive tumors [74] and stimulate the potential
of metastasis.

5 The non-cellular component of TME

Non-cellular components of TME cover a wide range,
including inflammatory cytokines (such as interleukin-
IL-6), proteolytic enzymes (such as matrix metalloproteinase
MMPs), proteins (such as histidine rich glycoprotein HRG)
and exosome special structures. In addition, hypoxia envi-
ronment also counts a lot in the metastasis of liver cancer.
Due to the specific physiological structure and functional
characteristics of liver, hypoxia is considered to be a charac-
teristic indicator of HCC microenvironment [75], which can
promote HCC metastasis through interaction with cytokines
(such as TGF-p, HIF-a, etc.). Histidine rich glycoprotein
(HRG) is a plasma protein synthesized by the liver and plays
a role in inhibiting insoluble immune complexes and pro-
moting the clearance of apoptotic necrotic cells in healthy
liver. In HCC-TME, HRG can mediate phenotypic transfor-
mation of TAMs, down-regulate M2 markers such as MRC1,
Argl, IL10 and CCL-22, and up-regulate M1 markers such
as IL6 and CXCL-9, thus promoting the occurrence of anti-
tumor polarization of TAMs. Recent studies have found that
increased oxygenation caused by vascular normalization in
HRG™ tumors provide stimulation for TAMs to move away
from M2-type polarization to some extent [76].
Inflammation is a non-specific manifestation of tumor
TME, which is manifested by significant TH1 and TH2
cytokine conversion in HCC, and this anti-inflammatory
state can promote HCC metastasis [77]. Matrix metallo-
proteinase MMPs, a typical proteolytic enzyme, promotes
EMT through hydrolysis, activates the metastasis potential
of tumor cells, and participates in the regulation of signaling
pathways to enhance the metastasis activity of HCC [78].
Recent studies have also pointed to exosomes as a target, but
it should be noted that the action properties of exosomes are
influenced by their donor cells and inclusions. When tumor
cells impact neighboring cells through exosomes to estab-
lish tumorigenic microenvironment, stromal cells (such as

stellate cells and mesenchymal stem cells) and immune cells
also interfere with tumor cells through exosomes to promote
or prevent tumorigenesis [79].

6 Conclusion and discussion

The immune microenvironment of HCC is a complex mix-
ture of hepatocellular carcinoma cells, stromal cells, and
various cytokines and proteins, which together lead to epi-
genetic changes in HCC and a high incidence of metastasis.
Tumor cells do not exhibit disease alone but form a com-
plex signal interaction system with the matrix. In this way,
all cellular and non-cellular components of TME prepare
a tumor niche, providing rapid proliferation of HCC cells
while also escaping the body’s defenses. TME components
also provide an opportunity for cancer cells to pass through
the basement membrane and invade the circulation, forming
a post-metastatic microenvironment suitable for colonization
and promoting metastasis.

The multiple immune cells infiltrating in the TME not
only provides suitable soil for the growth of tumor cells
and mediates immune tolerance through the formation of
an immunosuppressive microenvironment, but also creat-
ing conditions for immune escape, mediating the metastatic
process of cancer cells. In general, cytotoxic T cells and NK
cells in the TME were intended to construct immune defense
nonspecifically, while Regulatory T cells and Myeloid-
derived suppressor cells play an immunosuppressive func-
tion by inhibiting effector cells. When it comes to myeloid
cells, their functions in the TME are usually controversial.
As for macrophages, the M1 macrophages with pro-inflam-
matory properties are usually considered as anti-tumor and
anti-metastasis cells, while the M2 macrophages with anti-
inflammatory functions are equipped with tumor-promoting
capacities. Neutrophils have also been identified with varied
functions and been classified using different terms, including
N1/N2 neutrophils, tumor-associated neutrophils, and poly-
morphonuclear neutrophil myeloid-derived suppressor cells.

For most patients with advanced-stage cancer, surgery
and radiotherapy are difficult to achieve satisfactory thera-
peutic effects. While in the process of tumor metastasis from
initiation to colonization, the occurrence of each step is the
result of the joint action of some specific genes and signaling
pathways which hints that blocking one of these steps may
block the formation of metastases. Those discoveries cells
have brought new insight into our understanding of infil-
trating immune cells in HCC-TME. In-depth study of these
mechanisms will help us to find possible immunotherapy for
more effective treatment of HCC patients by weakening the
pro-tumor or enhancing the anti-tumor effect. Recently, there
is increasing evidence that TAMs and Tregs in the micro-
environment promote tumor development and metastasis.
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Despite the lack of research on HCC, inhibitors aiming at
CC chemokine receptors have been proved to inhibit lung
metastasis in some tumors [80], which may be an effective
target for HCC metastasis. Besides, NETs released by neu-
trophils also suggest strong inhibition of tumor metastasis.

Although the complex and diverse functions performed
by immune cells in TME make therapeutic strategies target-
ing specific elements often ineffective, all these characteris-
tics make the immune microenvironment a powerful target
for cancer therapy. Finding suitable targets in TME is only
the first step on the long road to clinical application, and we
need to explore further roads.
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