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Abstract

A cancerous tumour termed hepatocellular carcinoma (HCC) is characterized by inflammation and subsequently followed
by end-stage liver disease and necrosis of the liver. The liver’s continuous exposure to microorganisms and toxic molecules
affects the immune response because normal tissue requires some immune tolerance to be safeguarded from damage. Several
innate immune cells are involved in this process of immune system activation which includes dendritic cells, macrophages,
and natural killer cells. The liver is an immunologic organ with vast quantities of innate and innate-like immune cells sub-
jected to several antigens (bacteria, fungal or viral) through the gut-liver axis. Tumour-induced immune system engagement
may be encouraged or suppressed through innate immunological systems, which are recognized promoters of liver disease
development in pre-HCC conditions such as fibrosis or cirrhosis, ultimately resulting in HCC. Immune-based treatments
containing several classes of drugs have transformed the treatment of several types of cancers in recent times. The effective-
ness of such immunotherapies relies on intricate interactions between lymphocytes, tumour cells, and neighbouring cells.
Even though immunotherapy therapy has already reported to possess potential effect to treat HCC, a clear understanding of
the crosstalk between innate and adaptive immune cell pathways still need to be clearly understood for better exploitation
of the same. The identification of predictive biomarkers, understanding the progression of the disease, and the invention of
more efficient combinational treatments are the major challenges in HCC immunotherapy. The functions and therapeutic
significance of innate immune cells, which have been widely implicated in HCC, in addition to the interplay between innate
and adaptive immune responses during the pathogenesis, have been explored in the current review.
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Basicimmunology

The immune system is a group of cells that collaborate to
safeguard the body from external antigens such as microbes
cancerous cells, and other toxins [1]. It can be classified into
innate and adaptive immunity. The innate immune system is
the first line of defence against infections and stores no mem-
ory of past responses. Physical barriers like the skin, cellular
processes consisting of phagocytes, and the body’s immune
elements such as soluble proteins are all illustrations of
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innate immune system constituents [2]. Other components of
the innate immune system include substances that regulate
inflammatory pathways including kinins, leukotrienes (LT),
and prostaglandins (PG). Neutrophils, eosinophils, baso-
phils, mast cells, and natural killer (NK) cells are examples
of cellular components [3]. The innate system’s immunolog-
ical response is immediate, occurring minutes or hours after
its activation. Conversely, adaptive immunity is specific to a
particular antigen and the immunological response generated
by it depends on the antigen. Due to this, there is a delay
between exposure to the antigen and the peak response.
Adaptive immunity occurs through the actions of the innate
immune system, and it is crucial when innate immunity is
unsuccessful in eradicating pathogenic organisms causing
harm to the body. The adaptive immune system consists of
antigen-specific T cells which are triggered to proliferate
by the action of the antigen-presenting cells (APCs), and B
cells which mature into plasma cells to produce antibodies.
Antibodies are important when the infection reoccurs as it
directly eradicates the infecting pathogen from the body [1].
The capability for storing the memory of prior exposure to

antigens, which enables the host to mount a more rapid and
effective immunological response on subsequent antigen
exposure, is a characteristic of adaptive immunity [4]. A
schematic representation of the mechanisms of innate and
adaptive immunity is shown in Fig. 1.

Innate immune system: key facets

The innate (non-specific) immune system is the defence sys-
tem present since birth. Innate immunity comes into play
as an early response to toxins and infectious agents since
the clonal expansion of lymphocytes (adaptive immunity)
requires a few days until sufficient effector cells are produced
[5]. It involves the activation of antecedent mechanisms,
including natural barriers and secretions. Being an inborn
mechanism of protection, innate immune response does
not rely on prior antigen exposure [6]. It comprises several
anatomical barriers, cell receptors, phagocytes, enzymes,
proteins, and mediators which initiate a signalling cascade
to eliminate the invaders and set off specific mechanisms to
stimulate the adaptive immune response [7].
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Fig. 1 A schematic representation of mechanisms of innate and adap-
tive immunities, and their basic crossover. The figure illustrates all
the major components involved in producing the innate and adap-
tive immune responses, and how they are interrelated to each other.
Initially, in innate immune response, pathogen exposure is recog-
nized by macrophage which causes complete activation and releases
various cytokines. This further promotes neutrophil activation, which
responds via phagocytizing the pathogen. Apart from these actions,

during adaptive immune response, dendritic cells of the innate
immune system present the pathogenic antigen to helper T-cells
which further activates the B-cells and produce antibodies. B-cells
are also involved in T-cell activation, which destroys the invading
pathogen by its cytotoxic action. B-cells are involved in humoral
immune responses by transforming into plasma cells. These release
antigen-specific antibodies in response
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Sentinels offering the innate immune response

Major components of the innate immune system are enlisted
in Table 1. Skin and mucosa consist of the foremost physi-
cal barriers against external pathogens, of which skin also
acts as a chemical shield. Keratinocytes are the primary
regulators of this response and comprise tightly linked des-
mosomes, embedded in extracellular matrix. Other than
the physical shielding functions, they also express pattern
recognition receptors (PRRs) and generate an inflammatory
cascade via cytokine and peptide production [8]. Mucus
membranes of the major organ systems prevent the entry
of microbes across an epithelial barrier, which produces
antimicrobial peptides called defensins. Skin and mucosal
epithelia also possess ‘intraepithelial’ lymphocytes (y/d
T-lymphocytes) which act through cytokine production and
phagocyte activation, endowing host defence. Further, seba-
ceous glands of the hair follicles create an acidic milieu as an
aggressive medium against pathogenic microbes. Phagocytes
function via the production of inflammatory cytokines like
IL-1 (interleukin-1) and TNF-« (tumour necrosis factor-o).
Gastrointestinal and respiratory epithelia possess cilia that
move back and forth to keep the mucus clear of external
particles [6, 9].

Pathogen recognition and course of response of the innate
immunity

Contrary to the repertoire of receptors used by the acquired
immune system, innate immunity recognizes foreign par-
ticles via a limited range of germline-encoded, non-clonal
pattern-recognition receptors (PRRs). Some of the PRRs
include Toll-like receptors (TLRs), Nod-like receptors
(NLRs) and C-type lectin receptors (CLRs) [10]. A variety
of pathogens express common structures, called pathogen-
associated molecular patterns (PAMP), which allow the

PRRs to identify the pathogens [11]. For example, lipopol-
ysaccharides and dsRNA produced during viral infections
serve as PAMPs [1]. Host defence against the invader is
directed by the PRRs, which react with specific PAMPs,
expressing distinct patterns. This further activates signal-
ling pathways, leading to an anti-pathogenic response [11].
Inflammatory cytokines (TNF- a, IL-1, IL-6) production as
an early response to infection, mobilizes immune cells to
the site of infection along with an activation of local cellular
responses. This in turn stimulates inflammatory processes
necessary for the clearance of microorganisms from the host
body. Another protective mechanism is the complementary
cascade, which opsonizes the pathogen, making it suscepti-
ble to phagocytosis. Eventually, it activates APCs (antigen-
presenting cells), providing a kickstart to adaptive immunity

[1].
Types of innate immune cells

The immune system’s components are all interrelated. All
cells of the immune system originate from the hematopoi-
etic stem cells present in the bone marrow and maturate into
myeloid and lymphoid precursor cells, each differentiating
into a distinct cell subtype. Myeloid lineage-derived cells
constitute majority of the innate immune cells. Various cells
that comprise the innate immune system are neutrophils,
eosinophils, basophils, monocytes, macrophages, dendritic
cells, mast cells and natural killer cells.

Neutrophils are the first to phagocytose pathogens at
the site of tissue injury. During the illness, neutrophils
increase in number in the bloodstream leading to an eleva-
tion of white blood cells. Eosinophils assist other immune
cells and cause the release of a variety of growth factors
and cytokines. Basophils assist in cytokine secretion that
takes part in the differentiation of T-helper cells. Monocytes
are primarily focused on the generation of macrophages and

Table 1 Components of the Anatomic barriers

Internal defenses

Physiologic mechanisms

innate immune system

Skin Inflammatory mediators and complementary proteins

Body temperature:
Fever, inhibits patho-
genic proliferation

Low pH: Acidic
environment impedes
microbial growth
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Mucosal membrane Cytokines
Hair follicles Chemokines
Cilia Defensins
Gastric acid Pentraxins
Mucus and chemicals Lysozyme

secretions

Phagocytic/Endocytic barriers

Macrophages

Dendritic cells

Granulocytes (Neutrophils, eosinophils, basophils)

[1, 6]
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dendritic cells. Whenever a phagocytic cell within the blood-
stream travels to the tissues, it transforms into a macrophage
[1, 12, 13]. Macrophages consume and break down several
infective pathogens and play a role in tissue regeneration,
wound healing, and T lymphocyte antigen presentation.
Dendritic cells are the antigen-presenting cells (APCs)
that cause the release of cytokines along with B and T lym-
phocytes. Mast cells are mainly involved in inflammatory
and allergic reactions, where they produce powerful inflam-
matory mediators (histamine, heparin, etc.,) in response to
IgE receptor stimulation. They promote angiogenesis, para-
site eradication, and wound repair. Natural killer (NK) cells
are cytotoxic innate immune cells that target tumour cells.
A myeloid or lymphoid progenitor may serve as a source for
their development and these cells are spawned in the bone
marrow. [14].

Therapeutic potential of innate
or‘innate-like’immune cells in oncology

Being the primary surveillance and defence system of the
body, a very convenient method of cancer treatment is the
utilization of the immune system to eradicate the tumour
[15]. A completely new era in pharmaceutical research is
provided by cell therapies. Immune cell therapeutics are
among the most advanced in this category and have already
provided conclusive evidence of clinical effectiveness in the
treatment of cancer and infectious diseases [16]. The T lym-
phocyte especially has a capacity for antigen-driven cyto-
toxicity meaning that when an antigen starts producing
an immunological response, it can reach up to the site of
action and produce its cytotoxic effects on the antigen. T-cell
receptors (TCRs) are expressed on the surface of T cells
which can be genetically manipulated in vitro to precisely
recognize and destroy cancer cells [17]. It has emerged as
a key target for activating the immune system in the treat-
ment of cancer [18]. The several developments that have
taken place in the therapeutics of immune cells are adoptive
T-cell transfer therapy (ATC), immune checkpoint therapy
(ICT) [16], antigen-specific TCR-transduced T cells [19],
chimeric antigen receptor (CAR)-transduced T-cells [20, 21]
and several other therapies exploiting innate immune cell
functioning in oncogenesis.

Several immunomodulatory therapies focused on T-cell-
centered strategies have proven to be of benefit to a small
proportion of patients, warranting the need to recognize
novel cell-based therapies [22]. As discussed previously,
innate immunity plays a vital role in host defence and like-
wise, it has demonstrated significant therapeutic activity
in several cancers and other ailments. Also, the develop-
ment of a lasting protective memory T-cells is dependent on
innate immunity, which involves several cells of the myeloid

dendritic cells (DC), monocytes, macrophages, mast cells,
polymorphonuclear (PMN) cells and lymphoid lineage
natural killer (NK) cells [23]. A promising shift in HCC
therapies including immunotherapeutic agents has been
seen after the growing success of atezolizumab plus bevaci-
zumab. Other than immune checkpoints working on antitu-
mor lymphocytes, therapies targeting neutrophils have also
seen an upsurge [24]. Growing evidence has demonstrated
innate immunity to possess an anti-tumour activity, which
involves tumour recognition by T-cells, pathogens, damage
receptors, nucleic acid sensing, etc., which further induces
the innate response. An important role of innate immunity in
cancer therapy is an early response against cancer-associated
inflammation [25]. Activation of innate immunity promotes
effector T-cell functions and tumour destruction, stimulating
an anti-tumour response. It functions via priming and expan-
sion of T-cells and recruiting the same at the tumour site to
promote tumour killing [22]. PRRs such as TLRs, NLRs and
CLRs are involved in tumour recognition, upon which sev-
eral innate immune responses like phagocytosis, autophagy
and inflammasome activation are generated. The functioning
of macrophages, NK cells, DCs and neutrophils amongst
the several innate immune cell subtypes is involved in the
responses. Macrophage PRRs recognize PAMPs, resulting
in a coordinated cascade of signalling pathways in defence
against the tumour. This macrophage action involves inflam-
matory cytokines (IFN-y, IL-12, IL-1P and macrophage
inflammatory protein-la (MIP-1a/CCL3). DCs function
as an associate to conjoin the innate and adaptive immune
responses [10]. These cells function by signalling the lysis
of monocytes and consequently reducing the intracellular
proliferation of the tumour. Recent evidence has suggested
the emergent role of innate responses in tumours, via the
activation of specific downstream pathways. As mentioned
above, innate APCs like DCs and macrophages recognize the
tumour via PRRs and release tumour-associated antigens.
This provides a basis for major histocompatibility complex-
peptide (MHC) complex formation and activated T-cell
response. A continued exploration of strategies to make
efficient use of innate immune cells as a means of cancer
therapy is henceforth called for [10, 25, 26].

Hepatocellular carcinoma (HCC)

The most prevalent primary liver cancer is hepatocel-
lular carcinoma (HCC), which is also the third leading
cause of cancer-related deaths worldwide [27]. Several
risk factors associated with it include alcohol consump-
tion, non-alcoholic fatty liver disease (NAFLD), meta-
bolic syndromes, hepatitis C, hepatitis B, cirrhosis,
etc. [28]. It makes up approximately 80% of all cancer
cases. The phase of the disease at detection determines
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the probability of survival of HCC patients. While
months are anticipated at the final stage, if the diagnosis
is made earlier, then a 5-year survival period is predicted
[29]. On a global scale, the highest incidence rates of
hepatocellular carcinoma are found in Asia and Africa.
Unfortunately, HCC does not have an accurate prognosis
in all regions of the world. As a consequence of this,
incidence and mortality rates are approximately equiva-
lent due to a smaller number of cases getting treated.
According to recent estimates, there had been 9.3 liver
cancer cases worldwide per every 100,000 individuals in
2018, and the death toll was 8.5 deaths per 100,000 indi-
viduals due to liver cancer [30].

About 0.5-10% HCC develops in patients with HCV-
induced cirrhosis, primarily as a result of sustained
virologic response (SVR) following HCV infection on
treatment with directly acting antiviral therapy (DAA). A
few other risk factors include old age, Hispanic ethnicity,
male sex, obesity, diabetes, smoking, chronic alcohol use,
HCYV genotype 3 and coinfections with HIV and/or HBV
[31, 32]. The leading cause of HCC is chronic hepatitis
B infection, worldwide. Though most HBV-related HCC
cases occur in the presence of concomitant cirrhosis,
HBYV can cause HCC even in the absence of cirrhosis
[33]. Unlike HCV, viral suppression in HBV can modify
the developmental risk of HCC in chronic HBV patients
[34]. Cases without fibrosis or cirrhosis are mostly asso-
ciated with NAFLD. Unfortunately, not many patients
with NAFLD-related HCC undergo surveillance for HCC
before diagnosis. Apart from these major hepatic condi-
tions, diabetes and obesity significantly increase HCC
risk [35, 36].

The finest and most used staging system for HCC is the
Barcelona Clinic Liver Cancer classification and is useful
for a prognostic approach in HCC patients [12, 16, 37]. A
single lesion that is less than 2 cm in size in-situ, with nor-
mal portal pressure and bilirubin levels, characterises stage
0, a very early stage of HCC. In certain situations, liver
resection is advised. Stage A is a somewhat more advanced
stage that includes a single nodule or three nodules that are
less than 3 cm, as well as elevated portal pressure, bilirubin,
and other conditions. If there are no concomitant disorders,
liver transplantation is the recommended course of treat-
ment; otherwise, percutaneous ethanol injection/radiofre-
quency ablation (PEI/RFA) is used. Stage B of multinodular
disease is controlled using TACE, while stage C, which is
an advanced stage, is typically treated with sorafenib. In this
advanced level, portal invasion, multimodal involvement
and metastasis are present. Stage D of HCC is a terminal
stage, and the only available treatment is symptom control.
Patients in this stage have a survival rate of fewer than three
months [38].

@ Springer

Mechanisms driving hepatocarcinogenesis

Development of HCC involves a multifactorial interplay
in which, an alteration in the tumour microenvironment
(TME) is the key feature driving the initial invasion and
metastasis [39]. Together with TME, a role of the gut-liver
axis has been instated in the development of non-alcoholic
fatty liver disease, which is a leading cause of HCC. How-
ever, the association of gut microbiome and hepatocarcino-
genesis is not yet clearly elucidated [40]. Several studies
have emphasized on the role of gut microbiota in immu-
nomodulation, inflammation and metabolism. Since the
liver is anatomically connected to the intestine, it behaves
as a substrate for gut microbiota-derived metabolites. These
include certain substances like bile acids (BA), promot-
ing several metabolic changes, causing HCC. This theory
comprises what is commonly known as, the gut microbi-
ota-BA signalling axis [41]. Multiple molecular dysregula-
tions stand at the focus of HCC, including deregulated cell
cycle, chromosomal instability, epithelial-to-mesenchymal
transition (EMT) and dysfunctional DNA demethylation.
The course of HCC in cirrhosis involves a series of events,
starting with the formation of low-grade dysplastic nodules
(LGDNSs) which transform into high-grade dysplastic nod-
ules (HGDNS5) over time. Early-stage HCC develops from
HGDNSs, which have the potential to progress to advanced
HCC. Each HCC nodule is a combination of several (35-40)
genomic alterations with epigenetic modifications. Studies
concerning the molecular markers differentiating early-stage
HCC from the pre-cancerous nodules have indicated WNT-
[-catenin pathway activation as a major mechanism in the
malignant transformation of hepatocytes. CCNDI, FGF19,
MYC, MET and FGF19 chromosomal amplifications actuate
RTKs (receptor tyrosine kinases) amongst other oncogenic
signalling pathways [42]. Mutations fostering this activa-
tion include CTNNB1 (encoding p-catenin), AXINI1, or
APC (inhibitors of Wnt pathway) inactivation. Apart from
these, several mutations in the genes (TP53, RB1, CCNE1/2,
PTEN, ARIDI1A, RPS6KA3, etc.) regulating the cell cycle
occur [39]. It is well known that abnormalities in the activa-
tion of the WNT/B-catenin pathway encourage the growth
of hepatic carcinomas including HCC and cholangiocarci-
noma (CCA). By attaching to the Frizzled receptor (FZD), a
G-protein coupled receptor (GPCR), WNT protein functions
as a ligand and mediates intracellular signalling. Follow-
ing pathway activation, downstream signalling is impacted,
but only following Dishevelled protein (Dsh/Dvl) activa-
tion. The fundamental switch, or Dsh, determines which
signal branch WNT will follow. Among them is independ-
ent signalling, also referred to as non-canonical or -catenin-
dependent signalling, i.e., the canonical signalling. The non-
canonical route influences cell fate, proliferation, migration,
and embryonic development. On the other hand, maintaining
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homeostasis and tissue growth depend greatly on canonical
signalling (involvement of B-catenin). Hence, dysregulated
WNT-B-catenin pathway causes tumorigenesis. B-catenin is
a transcriptional co-activator, and its main function is regu-
lating cell—cell adhesion. To create cell—cell connections, its
arm repetitive domain binds to the protein E-cadherin [43].
20-35% HCC cases are reported to involve B-catenin acti-
vation. Also, the gene which encodes p-catenin, CTNNBI,
is found to undergo mutations frequently in primary HCC
[44, 45]. According to reports, CTNNB1-mutated tumours
are large and feature a well-differentiated micro-beam skel-
eton. These tumours lack inflammatory inflammation, have
a tumour cholestasis, and have a pseudo-glandular pattern
[46]. Pre-clinical mouse models have shown that HCC
development requires more than only B-catenin activation.
A key factor in the promotion of HCC is the interaction of
the same with other crucial oncogenesis-leading pathways
like IGF-1, MAPK, IRS-1, MET, AKT, and H-RAS [47-50].
The role of WNT/B-catenin is not just limited to the forma-
tion of precancerous lesions, but also epigenetics and trans-
lational modifications of signalling-related components in
late tumour foci. This crucial involvement of WNT/P makes
it a promising target for intervention [43]. Genetic varia-
tions in epigenetic modulation, as well as AKT-mTOR and
MAPK pathways are known to participate in HCC advance-
ment [39]. A few other processes include the re-expression
of fetal genes, deregulated protein folding and response to
oxidative stress. An important role of the nucleotide TTA
GGG has been explicated to promote carcinogenetic changes
in a cirrhotic liver, along with telomere maintenance [42].
The natural course of transformation of precancerous lesions
into malignant cells is reported by Dhanasekaran R. and col-
leagues to begin as a small (<1 mm) dysplastic focus with
cytologic atypia, which on undergoing advanced molecu-
lar and genomic alterations and mutations, transforms into
a precancerous dysplastic nodule. This nodule may be an
LGDN (with no cytologic atypia, pseudo glands, or unpaired
arteries) which progresses into an HGDN (with cytologic
atypia, and trabecular invasion but no stromal invasion.
Malignant transformation of these nodules is characterized
by stromal invasion and starts with early-stage HCC, distin-
guished by a nodular size of <2 cm, and a positive GPC3,
HSP70 and GS status. On further involvement of distant
nodules, vascular invasion and metastases, progressive
HCC develop which is defined by a nodular size of >2 cm
or <2 cm for grade 2 or grade 3 HCCs [51].

Interestingly, the role of neutrophil extracellular traps
(NETSs) has also been explored recently in promoting HCC
metastasis. Pre-clinical evidence has shown the propensity
of activated neutrophils to form extracellular traps (NETSs)
in several conditions involving inflammation, ischemic
stroke, etc. This action is facilitated by the production of
pro-inflammatory cytokines, which increases proportionally

with subsequent rise in NETSs. Evidence has also reported
HCC patients to be at a higher risk of developing ischemic
stroke and other inflammatory conditions, when compared
to cancer-free individuals. This in turn may be attributed
to the common mechanism involved, i.e., NET formation
[52]. Lu-Yu Yang et al. explored the mechanism underlying
the role of NETs in HCC metastasis. They found that NETs
cause tumour-associated inflammation and aid in the spread
of HCC. Henceforth, a strategy for preventing HCC metas-
tases focusing on NETs rather than neutrophils themselves
could prove to be more favourable [53].

Multi-disciplinary approach for HCC management

There are several treatment options for HCC, including sur-
gical treatments (resection or liver transplantation (LT)),
ablative electrochemical therapies, and radiation therapy.
Along with these options, several non-ablative techniques
are also available which include catheter-based embolic
therapies that consist of radioembolization and chem-
oembolization and non-catheter-based therapies including
stereotactic body radiotherapy [54]. When the patients of
HCC have portal vein tumour thrombosis (PVTT), treat-
ment options include transcatheter arterial chemoemboliza-
tion (TACE), and surgical resection (SR) [55]. If patients are
suffering from liver diseases or inadequate liver function,
resection and local ablation are the most often used cura-
tive locoregional therapy. Liver transplantation continues to
be preferable for increasing the survival of the patient and
eliminating the tumour from the body and remains superior
in terms of tumour control and long-term survival. Trans-
arterial chemoembolization is frequently used as a stopgap
measure before transplantation and as the standard of care
for patients who do not respond to other localized therapies.
The tyrosine kinase inhibitors lenvatinib, regorafenib, and
cabozantinib have recently been associated with a therapeu-
tic benefit in HCC, according to several phase 3 trials. A
second-line systemic therapy that includes ramucirumab, an
angiostatic antibody, also increases survival. The choice of
treatment should be based on an interdisciplinary assess-
ment that takes into account the tumour stage, liver func-
tion, functional condition, comorbidities, and the clinical
expertise of the clinician [56]. The most popular treatment in
the later stages is the kinase inhibitor sorafenib given orally.
However, less than one-third of patients experience thera-
peutic improvement, and the issue of resistance also occurs
in patients [57].

The Barcelona Clinic Liver Cancer staging system rec-
ommended sorafenib, which is a tyrosine kinase inhibitor,
as a conventional treatment in advanced HCC patients with
portal vein tumour thrombus (PVTT) [58]. For patients
with advanced HCC, it was demonstrated to improve
median overall survival (OS) by approximately 3 months
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[59]. Although sorafenib monotherapy displayed inad-
equate efficacy in treating advanced HCC, a small per-
centage of patients who received it showed remarkable
outcomes [55].

Most of the patients receive sorafenib in the starting
phases of the disease. A number of advancements have
been made recently, particularly for patients who have
already received treatment. Phase III trials of regorafenib,
cabozantinib, and ramucirumab in patients with elevated
fetoprotein have shown promising results for treating
patients who are advancing after receiving sorafenib or
who are resistant to it [60]. Compared to 7-8 months with-
out medical intervention, all medications authorized for
second-line therapy improve survival to around 10 months
[56]. Radiotherapy (RT) has emerged as a viable alterna-
tive for treating HCC due to the recent developments in
radiotherapeutic techniques which include three-dimen-
sional conformal radiation therapy (3D CRT), image-
guided radiotherapy, intensity modulated radiation ther-
apy, and proton beam radiation therapy [61].

Since immune instability has a significant role in the
emergence and spread of HCC, by controlling the specific
immune response, immunotherapy can improve the body’s
capacity to eliminate the tumour and may even suppress
or destroy tumour cells, which reduces the likelihood of
the spread and its relapse [39, 62]. Figure 2 represents
a timeline of FDA approval of various immunotherapies
for HCC. Several examples include CTLA-4 inhibitor
tremelimumab, PD-1 inhibitor nivolumab, PD-L1 inhibi-
tors used in HCC [51]. A new phase in the therapy of
HCCs has emerged as a consequence of recent break-
throughs in immune-based therapy [63]. The US Food
and Drug Administration has given accelerated approval
to nivolumab, pembrolizumab, and the combination of
nivolumab and ipilimumab for the treatment of patients
who have previously received sorafenib. Treatments are
commonly given alone or given in combinations [64].
These agents target the programmed death receptor (PD-1)
and (PD-2) [65]. For patients with advanced HCC, immune
checkpoint inhibitors (ICI) such as nivolumab, pembroli-
zumab, etc. have shown efficacy. These agents combined
with atezolizumab or bevacizumab, have now become
the first-line therapy [66, 67]. Natural killer (NK) cells,
dendritic cells (DC), tumour-associated macrophages,
monocytes, and B and T cells contain immune checkpoints.
ICIs specifically target immune regulatory networks that
decrease T-cell immunity, notably CTLA-4 (cytotoxic T
lymphocyte-associated protein) and PD-1/PD-L1 (pro-
grammed cell death protein-1/PD-L1). Tumours trigger
these immunological checkpoints to impair immune cells
and their anticancer response. These immune checkpoint
inhibitors provide a physiological barrier that inhibits

@ Springer

SORAFENIB 2008 ®
(Multi-targeted
kinase inhibitor)
BRIVANIB (VEGFR-2
inhibitor), SUNITINIB
LINIFANIB (ATP- (muttikinase inhibitor)
competitive inhibitor
of all VEGF and PDGF
receptor tyrosine
kinases), SORAFENIB
(Multi-targeted kinase
inhibitor) PLUS
ERLOTINIB (EGFR ?ﬁfﬁ;ﬁzm
tyrosine kinase inhibitor),
inhibitor) NIVOLUMAB
(PD-1 inhibitor)
LENVATINIB
(Multi-targeted
tyrosine kinase CABOZANTINIB
inhibitor), (Multiple tyrosine
PEMBROLIZUMAB kinase inhibitor),
(PD-1 inhibitor) RAMUCIRUMAB
(VEGFR-2 inhibitor)

NIVOLUMAB (PD-1

inhibitor) PLUS TREMELIMUMAB (CTLA-4
IPILIMUMAB (CTLA-4 inhibitor) PLUS

inhibitor), DURVALUMAB (PD-L1
ATEZOLIZUMAB (PD- inhibitor),

L1 inhibitor) PLUS PEMBROLIZUMAB (PD-1
BEVACIZUMAB (VEGFR inhibitor) PLUS

inhibitor)

LENVATINIB (Multi-
targeted tyrosine kinase
inhibitor),
ATEZOLIZUMAB (PD-L1

inhibitor) PLUS
CABOZANTINIB (Multiple
tyrosine kinase inhibitor)

Fig.2 A timeline representing the FDA approval of several immu-
notherapies for HCC management. First immuno-therapeutic mol-
ecule approved by FDA for HCC management is sorafenib and till
date more than 15 molecules have been approved for HCC, of which
approximately six molecules are under various phases of clinical tri-
als

these cells from functioning, thereby limiting tissue dam-
age [68, 69].

Shortcomings associated with the current lines
of treatment

For medical professionals, the treatment and complete
cure of hepatocellular carcinoma (HCC) presents a special
challenge. This is due to the fact that there are no treat-
ment options which are completely curative. The proper uti-
lization of the currently available guidelines must be taken
into account for the effective management of HCC. A proper
focus on the problems faced by the patient should also be
considered [70]. Currently, the best treatment option is sur-
gical resection but there is a delay in the appropriate diag-
nosis of HCC which is why this option is ruled out by the
practitioners. In recent times, researchers have focused on
the development of HCC-targeted medications leading to
optimized outcomes [71]. Although the previously utilized
treatments of HCC are frequently used, additional therapies
have evolved, including trans-arterial radioembolization
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(TARE), irreversible electroporation (IRE), systemic radia-
tion, systemic chemotherapy, and immunotherapy [72].
Even though the combination of atezolizumab plus beva-
cizumab has been successful in HCC, sequential treatment
post-immunotherapy with these agents is yet to be clarified.
Growing evidence has suggested challenges such as clini-
cal trial execution, varied aetiologies, associated complica-
tions and quality of life to be major issues while treating
HCC [73]. Even for radiotherapy, several hurdles need to
be crossed, such as modelling the most accurate radiation
dose and scaling the response [74]. In most of cases, surgi-
cal liver resection, TACE, IRE, etc. are also unable to pre-
vent disease progression successfully. None of the currently
utilized approaches have proven a significant potential to
prevent metastasis, proliferation, and migration. In context
of these limitations, therapies that control abnormal genetic
expressions, and work on specifically on the altered signal-
ling pathways are warranted [75].

Harnessing the innate immunity
in hepatocellular carcinoma

Immune cells in HCC microenvironment

Recent advances in cancer immunotherapy have been based
on the molecular identification of tumour antigens and over-
all tumour immunology. Cancers are detected when they
bypass the antitumor immune responses and then are recog-
nized by the host CD8 + T-cells through antigens expressed
by the tumour. This tumour bypass may occur by immune-
suppressive pathways or immune ignorance, depending on
the characteristics of the tumour microenvironment (TME).
In the first category, the tumours are T-cell infiltrated and
express high levels of cytokines, indicative of immune
activation. However, they resist immune attacks through
several immune system-suppressive pathways. While the
second subtype simply ignores immune attack as it lacks
T-cell inflamed phenotype, which is not very common [76].
Tumour-associated antigens generate CD8 + T-cell response
by stress- or damage-associated molecular patterns, which
generate the innate response first, eventually triggering adap-
tive immunity [77]. For such tumour cells, type 1 interferon
signalling facilitates innate recognition of tumours, as shown
by several mouse tumour models [78]. The presentation of
host tumour antigen by IFN signalling has revealed defi-
ciencies in certain innate immune cell types, particularly
dendritic cells. Analysis of the TME in mouse models of
several cancers has shown the absence of CD8a* DC sub-
set. Mixed bone marrow chimaera investigations and con-
ditional ablation of the type I IFNR in the DC compart-
ment indicated a crucial function for type I IFN signalling
specifically in the CD8 + DC lineage [79]. In the tumour

microenvironment of many carcinomas, including HCC, a
variety of cell types including a TCR-expressing T cells, nat-
ural killer (NK) cells, g T cells, and natural killer T (NKT)
cells are all present. Additionally, several myeloid cells and
macrophages aid in tumour avoidance. Additionally, TME
contain CD11b* cells that oversee displaying tumour-associ-
ated antigens [80]. The determination of the TME’s cellular
composition necessitates precise and reliable approaches
[81]. The various components of the TME include mac-
rophages, myeloid derive suppressor cells (MDSC), neutro-
phils, tumour-infiltrating lymphocytes (TIL), natural killer
cells, and Kupffer cells [82]. Reduced NK cell activity and
IFN production are frequently seen in persistent infections
like HBV and HCV, which are the key risk factors leading
to HCC development [83]. TME also encompasses adaptive
and innate immune cells, endothelial cells, and fibroblasts in
complement to cancer cells. The formation and metastasis of
tumour cells occur through the invasion of the components
of TME comprising of macrophages, and fibroblasts leading
to angiogenesis and further maturation of cancerous cells
respectively. TME has the capacity to inflict both, benefi-
cial and unfavourable consequences towards initiation and
progression of tumour and therapeutic response as well [84].
Therefore, several treatment strategies targeting the matura-
tion of these cells and angiogenesis process may prove to
be beneficial for the treatment of HCC and are currently in
progress [85]. Pathogenesis of HCC and the role of TME is
depicted in Fig. 3.

Innate immune cells and their functions in HCC

Hepatic cellular carcinomas can be significantly affected by
innate immune cells. They are also involved in the regula-
tion of responses initiated by the T-cells. Recognizing the
relationship between innate immune cells and T cells is
important considering the immunotherapy's current inad-
equate performance in HCC patients [86]. Furthermore, a
bidirectional interaction between immune cells and metabo-
lism is crucial in several infections, inflammation, cancers,
and autoimmune diseases. Downstream regulation of some
of the essential pathways like NF-kB, PI3K-AKT-mTOR
and AMPK signalling is favoured through the activities of
immune cell receptors like TLRs, cytokine receptors, IL-2R,
T-cell and B-cell receptors. However, crosstalk between
intracellular innate immune receptors in immunometabo-
lism is yet to be illuminated. A non-NLR compound, AIM2
(absent in melanoma 2) is known to trigger inflammasome
activation and is implicated in several cancer types. Inflam-
masome is a critical component of the innate immunity,
which is a huge multimeric protein comprising essential sen-
sors and receptors like NLR, adapter ASC (apoptosis-asso-
ciated speck-like protein) and effector procaspase 1. NLRP3
inflammasome is one the most critical one and macrophages
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Fig.3 Schematic illustration depicting the pathogenesis of HCC. The
pathogenesis of HCC is initiated through any injury or damage occur-
ring in the liver due to inflammatory process or infections or alcohol
etc. leading to fibrosis and cirrhosis. Due to this, several immune sys-
tem cells are activated in order to combat this leading to the release
of various inflammatory mediators as shown in the figure leading to
further exaggerated inflammatory processes and angiogenesis which
results in carcinogenesis. HBV Hepatitis B virus, HCV Hepatitis C

play an active role in its activation. A non-NLR molecule,
AIM2 is also involved in triggering inflammasome activa-
tion [87]. Additionally, it also contributes to several autoim-
mune diseases and cancers by acting on PI3K-AKT-mTOR
pathway and immunometabolism. These actions of AIM?2
are inflammasome-independent. Studies have found that
AIM2 expression in HCC is negatively correlated with dis-
ease progression since AIM2 overexpression suppresses the
mTOR-S6K1 axis, resulting in diminished cell proliferation
and invasion [88, 89]. Several studies have implied AIM2 to
have a unifying role with AKT-mTOR in several cell types
and an important role of intracellular innate immune sensors
or receptors in regulating T-cell-mediated immunometabo-
lism [90]. Immune cells perform a mixed function in the
pathophysiology of HCC, regulating the removal of tumour
cells from the body as well as the restoration of liver tissue
that has been damaged. As discussed above, the resident
innate immune cells include macrophages (Kupffer cells),
dendritic cells, neutrophils, eosinophils and basophils [91].

The predominance of tumour-associated macrophages
in the HCC tumour region encourages persistent inflamma-
tion and the progression of HCC. They encourage carcino-
genesis by regulating the immune function of HCC cells
and secrete numerous cytokines. They are classified into
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M1 and M2 macrophages and are involved in the release of
several inflammatory mediators. M1 macrophages primar-
ily secrete IL-1o/B, IL-12, IL-18 and TNF- o, while M2
macrophages secrete IL-10 and induce PD-L1 expression.
In the pathogenesis of HCC, tumour associated macrophages
(TAMs) encourage the growth, infiltration, and dissemina-
tion of cancerous cells [92]. As a result, immunotherapies
which attack TAMs are becoming a potential strategy for
treating HCC. Several immunotherapeutic agents have been
developed that target immune cells, for example immune
checkpoint inhibitors [93]. The Kupffer cells (KC) are the
resident macrophages present in the liver, which can detect
hepatic injury and initiate inflammatory response in addi-
tion to promoting tumour growth by releasing proinflam-
matory or proangiogenic factors like IL-6, IL-1, VEGF, and
platelet-derived growth factor (PDGF) [94]. Neutrophils per-
form crucial roles in immunity and inflammation, including
phagocytosis, superoxide release, cytokine and chemokine
generation, degranulation, and neutrophil extracellular trap
(NET) formation. Inflammation occurs through the acti-
vation of neutrophils which assists the pathogenesis of a
variety of chronic diseases and cancers. By releasing sev-
eral cytotoxic reactive oxygen and nitrogen species (ROS/
RNS) or pro-inflammatory cytokines including IL-1 and
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TNF, neutrophil migration frequently exacerbates liver dam-
age and leads to HCC. As a result, neutrophils constitute a
prospective therapeutic target for HCC [95]. Dendritic cells
(DCs) have been recognized as one of the crucial compo-
nents in immune functioning, with particular attention paid
to their role in cancer. They are classified into lymphoid and
plasmacytoid dendritic cells. Plasmacytoid dendritic cells
are involved in the release of interferons (IFNSs), interleukins
(IL), tumour necrosis factor (TNF)-alpha and chemokines
when they are stimulated by the antigen presenting cell
(APC). IFN-1 released by the DC causes myeloid DC dif-
ferentiation and maturation, thereby leading to T-cell activa-
tion, and boosting the function of natural killer (NK) cells
ultimately causing HCC development [96]. In combination
with different standard HCC therapies, immunotherapy tar-
geting DCs can significantly enhance patients’ prognosis
by increasing overall survival (OS) and decreasing recur-
rence rate [97]. Eosinophils and basophils play contradic-
tory roles in a variety of malignancies [86]. Basophils are
found to produce a number of pro-inflammatory mediators
and cytokines, particularly IL-4, IL-13, IL-6, IL-9, granulo-
cyte—macrophage colony-stimulating factor (GM-CSF), and
monocyte chemoattractant protein-1 (MCP-1/CCL2) which
could promote the progression of HCC [98]. In a similar
manner, immunotherapy based on T cells has developed
as a crucial therapy for patients with HCC, particularly for
advanced HCC, howeyver, the effectiveness of the treatment
is still inadequate. It provides a potentially effective strategy
for the treatment of HCC in the coming times [86, 99].

Innate immune signalling in HCC

Due to the responses generated by the innate cells, several
mediators are released which promote tumour formation
and progression. These mediators include toll-like receptors
(TLRs), nuclear factor (NF)-kB, and Janus kinases (JNK),
responsible for their respective downstream signalling path-
ways and are associated with the generation of cytokines
involved in tumour occurrence.

The activation of NF-kB and JNKs triggers the interac-
tion between an inflammatory cell and a potentially neo-
plastic cell, which is required for tumorigenesis. For the
development of HCC, overexpressed of IKK and IkB could
play an instrumental role by triggering NF-kB. It is hence
expected that NF-kB inhibitors would be of potential use as
anticancer treatment as cancerous cells would undergo apop-
tosis by this inhibition, due to NF-kB antiapoptotic action.
NF-kB inhibitors nowadays primarily target IKKs or IkBs
as they are associated with the activation of NF-kB. Numer-
ous inhibitors that inhibit IKK or IxB have been discovered
by scientists; a few of these inhibitors have already shown
effectiveness in animal models [100].

The primary protein kinases responsible for generating
tumours are JNKs, which also are responsible for influenc-
ing cell proliferation and thereby function as oncogenes
that initiate cancer pathogenesis. Stress indicators and pro-
inflammatory triggers lead to the stimulation of JNKs, and
their function grows after being phosphorylated by MAP
kinases. Phosphorylation of MAPK leads to activation JNK
signalling pathway, leading to the release of inflammatory
mediators causing tumorigenesis [101]. The mechanism by
which JNKSs exert tumorigenesis in the liver is through posi-
tive modulation of gene expression, release of cell prolifera-
tion proteins like cyclins and CDKs, and metastatic factors
including MMPs, VEGF, etc. It also leads to the release
of proinflammatory mediators like IL-1, TNF, and reac-
tive oxygen species (ROS) resulting in hepatocyte death.
These mediators instigate the actions of Kupffer cells, infil-
trated macrophages, and dendritic cells to further express
proinflammatory cytokines like IL-6, IL-a, IL-p, and TNF,
thereby promoting the maturation of liver tumours [102].

TLRs are primarily involved in myeloid cells' produc-
tion of cytokines and mitogens in the liver and encourage
the development of liver tumours [103]. TLR signalling
has many functions in the immune system which include
modulation of both innate and adaptive immune responses,
antigen presentation of dendritic cells, as well as the main-
tenance of CD8+ T-cell cytotoxicity, all of which are vital
components of anti-tumour- immunological response. The
stimulation of TLR leads to increased growth of the tumour
due to the property of TLR to suppress the regulatory activ-
ity of T-cells. TLR4 may interact with macrophages in the
hepatocytes to enhance the transport and indirectly assist
in the mobilization of regulatory T-cells to the tumour site.
Therefore, agents targeting TLR4 could be of potential use in
HCC therapy [104]. A schematic representation of the role
of TLR signalling in HCC is shown in Fig. 4. Novel medica-
tions are being explored in multiple clinical trials with the
goal of leveraging some of these pathways to successfully
treat HCC. Potential breakthroughs in the treatment of HCC
may emerge from more investigations into drugs that target
these pathways.

Innate or innate-like immune cell-based therapy
in HCC

As discussed in this article, immune innate cells are involved
in the pathogenesis of HCC through the activation of the
immune system and causing the release of several inflamma-
tory mediators such as cytokines, interleukins, chemokines
etc. and leading to liver damage and injury causing HCC
pathogenesis. As of now, the therapeutic importance of
the components of innate cell therapy including DCs,
macrophages, and NK cells has been acknowledged. Mul-
tiple investigations on animals have demonstrated the
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Fig.4 Schematic representation
of the role of TLR (Toll-like
receptor) signaling in driving
hepatocarcinogenesis. Upregu-
lated TLR pathway in HCC has
been implicated as the potential
cause driving hepatocarcino-
genesis. This mechanism is
elicited via TLR activation,
which further function through
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effectiveness of innate immune cells in the treatment of
HCC [86]. Certain examples of these cell therapies include
immune checkpoint inhibitors, chimeric antigen receptor
T-cells, T-cell receptor engineered T-cells (TCR-T), M1
hydrogels (macrophage 1 hydrogels), human IL-15 gene-
modified NK cells, and autologous DC vaccines [86, 105].
Innate immune cells have been suggested to inhibit/repress
the response generated by the T-cells thereby playing a cura-
tive role in conditions like HCC. But there is insufficient
evidence to support this hypothesis [86]. Therapies involving
the integration of innate immunity cells along with cytotoxic

T cells may be a promising approach considering the com-
plicated pathologies involved in HCC. Figure 5 represents
the role of innate and ‘innate-like’ immune cells as a thera-
peutic strategy for HCC.

Lymphoid lineage cells

Impact of NK-cells in HCC NK cells have been indicated
to have cytotoxic effects in several cancer types, including
HCC. Studies have reported PD1 overexpression to cause
functional dysregulation of NK cell-activation, eventually

Fig.5 Schematic representation
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leading to resistance to anti-PD1 immunotherapy. Similarly,
increased TIM3 expression is associated with impaired NK
cell function, also causing cell death. This effect conveys
negative signalling of NK cell cytotoxicity, warranting
therapies targeting these signalling components [106]. A
recent study by Zhang et al. concluded that HCC-derived
exosomes are able to suppress NK cell activity, resulting in
lowered production of IFN-y and TNF-a via TIM-3 upreg-
ulation. Impaired NK cell function in HCC tumour cells
overexpressing circUHRF1 is due to an increased intercel-
lular communication between cancer cells and NK cells,
which evades TIM-3 upregulation. HCC/NK cell crosstalk
could potentially be exploited to develop novel anticancer
strategies [107]. A characteristic attribute of NK cells is its
ability to target tumours, without antigen specificity, mak-
ing them satisfactory candidates as anti-tumorigenic agents
[108]. CAR-T cell-based immunotherapy is a promising
stratagem against a range of hematologic malignancies;
however, it has limited activity against solid tumours. Chal-
lenges commonly associated with the same include, tumour
heterogeneity, insufficient antigen persistence, severe tox-
icities and TME. Normally expressed NK cells, along
with NK cell subtypes expressed in malignancies provide
an effective approach to invigorate CAR-T activity [109].
The response of CAR-T targeting CD147 is enhanced by
CD147 expressing-T cells and NK cells, producing potent
in vivo and in vitro anti-tumour activity. CAR-T in this
scenario works by redirecting the normal human immune
cells to target HCC cells. Primary NK cells and NK-92MI
cell lines caused a significant shrinkage in malignant HCC
cell lines, when transduced with CD147 targeting CAR-T
in research by Tseng and colleagues [110]. Analogously,
Sun and associates demonstrated the suppression of HCC
cell lines, SMMC-7721 and MHCC97H by NK group 2
member D (NKG2D)-specific CAR-T cells. On the con-
trary, a less efficient destruction of NK group 2 member D
ligand (NKG2DL)-silenced cell lines or NKG2DL-negative
Hep3B cells [109]. Therapeutic role of NK cells has been
elucidated in numerous preclinical studies, pedalling their
clinical applications to real-world practice.

Myeloid lineage cells

Dendritic cell-based approach Dendritic cells are profes-
sional APCs and constitute a variety of subsets, migrating to
and from a number of lymphoid and non-lymphoid organs.
One of the primary functions of DCs include presenting
the antigens on MHC, or the antigens to be acted upon by
T-cells. Promoting an exaggerated antigen processing by
DCs is anticipated to exerted potent anti-tumour activity
[111]. Inflammatory microenvironment-driven carcinogen-
esis of fibrotic liver entices several immunological cells like
Kupffer cells, hepatic stellate cells and infiltrating mono-

cytes, monocyte-derived macrophages, granulocytes, etc.
Primary mechanism pertaining to HCC tumour tolerance
involves an inadequate cross-signalling between dendritic
cells (DC) and effector T-cells. Expression of CD303 and
CD304 on plasmacytoid DCs stimulates NK cells, T cells
and B cells via IFN secretion. Mice models of HCC have
demonstrated high triglyceride-bearing DCs to cause an
unsuccessful stimulation of allogeneic T cells and a failure
to present specific antigens. DC deregulation in cancer cells
may also be caused by tumours secreting immunosuppres-
sive factors like IL-10 and VEGF, by means of downregu-
lated antigens and adhesion molecules. On the other hand,
HCC immune evasion by mature DCs is facilitated by an
induction of reactive (antitumor) T cells and through contact
with factors such as Treg (regulatory T-cells)-1-like cells
from naive CD4 +T cells. This interaction is mediated via
a high IL-10 and low IL-12 signalling [112]. This mecha-
nism is also supported by another tumour-specific factor,
the inducible costimulatory ligand (ICOS-L) [113]. A novel
study by Suthen et al. revealed hypoxia to be a central player
which shapes the TME and thereafter, the interaction of
Treg with a subset of DC in HCC was explicated, concluded
the interaction-based immunosuppression to be an impend-
ing immunotherapeutic measure [114].

Several combinations of DC-based therapies have proven
to be of benefit. For an instance, CTLA-4 and PD-1 are
known to play a part in the negative CTL regulation. Combi-
nations of the same along with a DC-targeted strategy could
bring forth better outcomes [111]. As previously mentioned,
an immunosuppressive TME exhausts T-cells, causing what
is commonly termed T-cell ‘anergy’. This effect is supported
by PD-1/PD-L1 on T-cells, targeting which has shown
proven efficacy. Anti-PD-1/PD-L1 monoclonal antibody
(mAb), pembrolizumab promotes CTL activation by DCs
and CD4 4T cell activation. Maturation/proliferation of DCs
via PD-blockade facilitates this process. This is accentuated
by an increase in IFN- y secretion, reduced Treg activity and
improved CTL cytotoxicity. A combination of mAbs and
DC therapy is hence a better way to tackle HCC tumours, as
compared to a monotherapy [115-117]. A novel formulation
study suggested the use of nanoparticle (NP)-encapsulated
antigens as a deliver system for DCs. Further investigations
remained to be explored in the area of DC vaccines and DC-
based combination therapies in HCC [118, 119].

Macrophage-based approach A growing body of research
has revealed the importance of tumour-associated mac-
rophages (TAMs) in determining the immunological envi-
ronment of HCC and their potential to prevent the growth
and evolution of the illness. Therefore, targeting these
macrophages could be of use in HCC. Several techniques
through which they are targeted are to be discussed here.
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Chemotherapeutic drugs including sorafenib, oxaliplatin,
doxorubicin, gemcitabine can destroy the tumour associated
macrophages and prevent them from triggering the inflam-
matory response due to which carcinogenesis takes place
in the liver. But due to several mechanism initiated by the
macrophages such as autophagy, mesenchymal transition,
hypoxia etc. they lead to resistance of all these therapies
leading to treatment failure. It was shown that through the
stimulation of TNFR1-mediated NF-B and p38 MAPK sig-
nalling pathways, compound Kushen injection (CKI)-primed
macrophages in combination with low-dose sorafenib
administration significantly promoted the multiplication and
toxic abilities of CD8 + T cells, which in turn resulted HCC
cells to endure apoptosis [120, 121]. Second, irradiation on
the tumour in the liver could have beneficial effects as it can
lead to killing of the macrophages. It was observed that irra-
diation in combination with zoledronic acid (ZA) resulted
in the polarization of the tumour-associated macrophages
from their M2 to the M1 subtype thereby causing a regres-
sion in the progression of HCC [122]. It is anticipated that
encouraging outcomes from future preclinical and clinical
trials employing radiotherapy alone or in combination with
other treatments will be identified and can provide novel
therapeutic options for HCC [120].

A fascinating treatment strategy for improving clinical
outcomes in HCC patients is the use of immunotherapy
alone or in combination with other systemic therapies, which
effectively modulates hepatic immune cells, including mac-
rophages, T cells, and the natural killer cells. Certain exam-
ples of these immunotherapies include immune checkpoint
inhibitors (ICI), cytotoxic T-lymphocyte-associated protein
4 (CTLA-4) inhibitors etc. [115, 118]. A novel approach in
treating through the killing of macrophages includes C6-cer-
amide-loaded nanoliposomes which were injected into the
mice suffering from HCC resulting in the surprising activity
of CD8+T cells in initiating an antitumor response [120,
123].

Lastly under this subject matter, a recent study by Wang
et al. indicated tumour-derived adenosine to play a part
in regulating macrophage action in HCC. It was based on
evidence suggesting the ability of tumour macrophages
to self-renew, even in the absence of circulating mono-
cytes. As previously known, a higher proliferation of mac-
rophages has a positive correlation with poorer HCC prog-
nosis. Tumour-derived adenosine synergistically acts with
GM-CSF released from activated macrophages, advancing
macrophage proliferation. Utilization of these particulars
provided an impetus to work on modulation of macrophage
accumulation as a means of HCC therapy [124].

Kupffer cell (KC) and monocyte-derived macrophage

(MoMF)-based approach Based on the developmental ori-
gin, macrophages consist of two subcategories: KCs are
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erythromyeloid-derived and reside within a pool of liver-
resident stem cells. Bone marrow-derived macrophages
generate from circulating monocytes (myeloid lineage) and
are also known as monocyte-derived macrophages (MoMF)
[125, 126]. Approximately 15% of the overall numbers of
hepatocytes are Kupffer cells. Kupffer cells (KCs) collab-
orate with other immune cells to prevent the progression
of hepatocellular carcinoma (HCC). In contrast to other
invading macrophages, KCs can display phagocytic abilities
along with the capacity to generate inflammatory mediators
such as cytokines. Micro-RNAs (MiRNAs) are an excellent
choice to effectively manage an inadequate immune sys-
tem function due to their unique capacity to modulate gene
expression. Regarding miR-206, extensive research has
been done regarding how it suppresses the growth of certain
forms of cancer. Liu et al. evaluated the ability of miR-206
to prevent the progression of HCC on mice by its action on
the Kupffer cells. On observation it was found that miR-206
promoted KC M1 polarization and CD8+T cell recruit-
ment in the liver, demonstrating substantial therapeutic ben-
efits for treating HCC. In fact, the substantial prevention of
HCC in AKT/Ras mice would have been at least partially
a result of miR-206-mediated M1 polarization of KCs by
boosting hepatic cytotoxic T cells (CTL) recruitment [127].
A phenotypic overlap between KCs and MoMFs warrants
the development of lineage-specific markers to distinguish
the two. MoMFs are primarily recruited to the liver during
inflammatory changes and/or KC depletion, as observed in
a CCL-CCR2-dependent manner [128].

Myeloid-derived suppressor cell (MDSC)-based
approach Immunosuppressive macrophages, called mye-
loid-derived suppressor cells (MDSCs) are a heterogenous
group of immature myeloid cells, supporting tumour growth
in HCC. They principally promote tumour growth via NK
inhibition through ARGI1, iNOS and CD8+T cell inhibi-
tion plus Treg cell proliferation [129-131]. According to
recent research, MDSCs can be identified by certain sur-
face molecules and can be recognised by a unique set of
genetic and biochemical characteristics. These cells iden-
tify with bot, monocytes and neutrophils in a morphologi-
cal and phenotypical sense. MDSCs may be monocytic
(M-MDSCs) or polymorphonuclear (PMN-MDSCs),
depending on the expression of surface markers. M-MDSCs
express CDI4THLA-DR™°Y, whereas PMN-MDSCs
are characterized by CDI14 CD11b*CD33*CDI15* or
CD66b* expression [127]. Under usual physiological con-
ditions, CSF (colony-stimulating factors) like G-CSF and
M-CSF promote myelopoiesis and drive the respective dif-
ferentiation of granulocytes and macrophages. However, in
pathologic states like cancer, these factors are overproduced
and instead result in the production of MDSC, rather than a
distinct production of differentiated granulocytes and mac-
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rophages [132]. TLR ligands, DAMPs, and PAMP signals
all elicit a response from these myeloid cells. Following
this activation, neutrophils and monocytes from the bone
marrow are mobilized, which is followed by phagocytosis,
a respiratory burst, and cytokine production. Additionally,
MHC class II and co-stimulatory molecules are stimulated.
Weak signals presents chronically and in the form of growth
factors and inflammatory mediators, are often characteristic
of unresolved inflammation such as infections and carcino-
mas. Jong Yu et al. reported a strategy based on targeting the
crosstalk between cytokine-induced NK cells and MDSCs
in HCC. The research was based on the theory of increased
MDSC levels in response to CIK (cytokine-induced killer)
cell therapy. Targeting MDSC would therefore be of clinical
benefit. Improved antitumor function of CIK was found with
PDES therapy, tadalafil in murine HCC lines. This action
was particularly correlated with a reduction in the number
and function of tumour infiltrating MDSCs. The study pro-
vided conclusive evidence suggesting that MDSCs work
via suppressing anti-tumour immunity in HCC and improve
outcomes of immunotherapy as well [131].

Granulocyte-based approach Granulocytes such as neu-
trophils are involved in the pathogenesis of HCC as they
generate matrix metalloprotease-9 (MMP-9) in the tumour
microenvironment leading to the development of blood ves-
sels in the tumour thereby increasing its growth [129]. Also,
it causes the invasion of macrophages by releasing: C—C
chemokine ligand 2 and 17 (CCL2, CCL17) leading to fur-
ther HCC pathology [95]. The utilization of tumour-associ-
ated neutrophils (TAN) which constitute about 85% percent-
age of the granulocytes could be beneficial in the treatment
of HCC. The use of nanotechnology has been actively stud-
ied in HCC. A study carried out by Wang et al. in which they
used a nano-polarizing agent called silicon phthalocyanine
dichloride (SiPCCI2) embedded mesoporous silica, (SMN)
in which ferrous-captopril complexes were packed with the
objective of modulating TANs. They observed that when
captopril was released from the complex, it stimulated the
polarization of the neutrophils involved with the tumour
(N1) into the anti-tumour neutrophils (N2) variant which
led to inhibition of the growth of the tumour microenviron-
ment in mice which could potentially delay the progression
of HCC in humans [133]. The level of myeloid-derived sup-
pressor cells is enhanced as a result of neutrophil activation,
which inhibits T cell activity and could lower the progres-
sion of HCC also indicating that neutrophils can be involved
in the pathology as well as the treatment of HCC. This abil-
ity of the neutrophils in modulating the functioning of other
immune cells in the body and by targeting neutrophil release
could be potentially beneficial in treating HCC [95].

‘Innate-like’immune cell-based approaches

Natural killer T (NKT) cell-based approach Natural killers
and T-cells (NKT cells) are the types of cells involved in
the innate immune system which are in less proportion of
the total number of cells present. They contain both the
natural killer along with the T-cell receptors. It has been
shown that invariant NKT cells (iNKT) display anti-cancer
activity but their amount and functions in HCC become
disoriented leading to a decrease in their efficacy [134]. At
the intersection of the innate and adaptive immune systems,
invariant natural killer T cells are a unique subset of T lym-
phocytes that play a critical role in modulating immuno-
logical responses and tumour management. When activated,
iNKT cells respond quickly and specifically, enhancing
both innate and adaptive immunological responses [135].
Lipid antigen recognition by iNKT cells is CD1d-dependent
[136]. It is crucial to employ iNKT cells in the treatment
of HCC and the potential development of anti-cancer thera-
peutics due to their capability to change the tumour micro-
environment and prevent tumour growth. Additionally, it
has been observed that CD1d presents the typical glycolipid
obtained from a sea sponge or Sphingomonas bacteria that
is symbiotic to the sponge, identified as a-galactosyl cera-
mide (a-GalCer), which is recognized by NKT cells that
carry the semi-invariant TCR. Various studies in the field of
employing NKT cells to treat HCC have shown the role of
iNKT agonist example of which includes a-galactosyl cera-
mide along with its derivatives in preventing the metastasis
of liver tumour respectively [137]. NKTs are of two sub-
types including Type I NKT and Type II NKT out of which
type I NKT are involved in generation of growth factors and
the release of several inflammatory mediators such as IL-6,
IL-10, IL-2 etc. and type II NKT play a role in regulating
the immunological response towards the growing tumour.
Type I NKTs promote tumour formation while type II NKTs
have been associated in supressing them [138]. Therefore,
the development and clinical examination of type II NKT
cell inhibitors to suppress tumour growth and alternative
type I NKT cell agonists that elicit a Th1-skewed response
are potentially beneficial for HCC therapy and may yield
favourable patient outcomes [137].

Gamma delta (y8) T cell-based approach T cells have an
interesting role in mitigating the anti-tumour responses and
are correlated with a high success rate in hepatocellular
carcinoma (HCC). Although in the tumour microenviron-
ment, these cells could become pro-tumorigenic leading to
tumour formation. T cells (gamma delta T cells) are promis-
ing alternative T lymphocytes containing a T-cell receptor
composed of gamma and delta chains. These T-cell types
are characterized into many subtypes dependent on the
shape of their T-cell receptor (TCR). V1 and V2 T-lympho-
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cytes are the most abundant subgroups found in humans.
T-cells are viewed as a gateway between innate immunity
and acquired immunity due to their interaction with den-
dritic and CD8+ T-cells respectively. The yd T cells play a
crucial role in the innate immunological response and can
be important target cells for designing cancer therapeutics
as they possess a property which its independent ability to
function from MHC complexes [139]. It was significant to
observe that LAG3 was the only immunological suppressive
protein reported to be elevated in HCC-derived T-cells at
both the mRNA and protein expression levels which is the
reason why LAG3 inhibitors could be investigated in HCC.
Scientists have suggested that when allogenic V62+vyd T
cells which are extracted from blood mononuclear cells of
healthy individuals are used in combination with Limpho-
cyte-activation gene 3 (LAG3) inhibitors could result in
tumour degradation and a delay in HCC progression. How-
ever, these findings require validation through several stud-
ies [139]. Hence, future studies on this concept could lead
to several breakthroughs to treat HCC through the use of Y’
T-cells.

Mucosal-associated invariant T cell (MAIT)-based
approach MAITs are innate immune cells, with immu-
noregulatory activity as a result of possessing T cell func-
tions too [139]. They express a specific repertoire of T cell
receptors; of which the most predominantly expressed in
humans is Va7.2-Ja33. These cells are characterized by their
ability to recognize riboflavin-derived (both bacteria- and
yeast-derived) metabolites on MHC-I-related protein MR1.
Participation of MAIT cells in anticancer responses is high-
lighted by the fact that they are stimulated by effector cells
and secrete effector molecules (perforins and granzymes).
Hence, MR1 blockade-induced MAIT cell inhibition may
be of therapeutic benefit in several solid tumours, including
HCC [140, 141]. Additionally, they express pro-inflamma-
tory cytokines like IFN-y, TNFa, and IL-17 [139]. Transla-
tional studies have provided a clue regarding transition of
MAIT cells from antitumor cells to becoming tumour-pro-
moting ones during transcription. Recent research by Huan
et al. aimed at characterizing the role of intra-sinusoidal
MAIT cells in HCC, and concluded MAIT alterations to
be associated with HCC, due to reduced IFN- y production
by these cells, as compared to healthy controls. Duan and
colleagues suggested that MAIT cells cause disease pro-
gression in HCC, giving poor outcomes. Transcriptomic
analysis of MAIT cells demonstrated functional impairment
of the same in HCC and shift towards tumour promotion
rather than antitumor immunity. HBV-related HCC (HBV-
HCC) is associated with a virus-specific T cell dysfunc-
tion. Intrahepatic effector functions of MAIT cells can be
exploited to target viral antigens expressing HBV-specific
receptors. Healy et al. engineered conventional T and MAIT

@ Springer

cells to kill HBV-associated hepatomas. The results exhib-
ited anti-HBV functions of MAIT cells, supporting further
explorations of MAIT-based immunotherapies for HCC
[139]. Advanced evidence regarding MAIT cell mechanism
in cancer and antitumor immunity is required to clarify its
potential role as a therapeutic target in HCC.

The several clinical trials performed to evaluate the effi-
cacy of innate immune cells in HCC have been enlisted in
Tables 2 and 3. In addition to this, the various clinical trials
undergoing pre-clinical investigations focusing on innate
immunity for the treatment of HCC in the past years and in
recent times are listed in Table 4 [142—-151].

Limitations associated with the application
of innate immune cell therapy

Obstacles in the application of immune therapy include
the inability to anticipate future patient response to treat-
ment, the inability to identify certain biomarkers which
will help in treatment, resistance occurring in ongoing
treatments, inaccurate conductance of clinical studies, and
high cost of treatment [21]. Several important considera-
tions in the use of innate immune cell-based therapy, such
as the route, dose, duration, type of cell to be utilized, etc.
remain to be deciphered. Novel formulations incorporating
these ideas would require a thorough understanding of site-
specific delivery, at a lower cost of adverse events. Such
developments are possible using the principles of precision
medicine, which has not witnessed a deserving growth yet.
Further preclinical investigations on anti-cytokine therapy
are warranted to determine specifications concerning their
applications. Tailoring innate immunotherapies based on
predictive biomarkers in biopsies poses a challenge against
the development of an accurate patient-specific treatment.
For the same, advanced molecular tools are required, devel-
opment of which emanates economic hurdles [152]. A few
other limitations associated with cell-based therapies include
infiltration, viability, persistence and tumour viability;
and the requirement of sophisticated instrumentation and
implementation by highly-skilled personnel [153]. Also, it
presents significant toxicities that can be fatal, in consort
with an unimpressive anti-tumour effectiveness, antigen
leakage, constrained trafficking, and minimal tumour inva-
sion. Much more extensive clinical research is required to
facilitate innate immune cell therapy as a practical approach.
This comes with the burden of economic, ethical, and mana-
gerial issues. Exploiting any immune cell-based ideas has
always faced issues in terms of feasibility, due to the risks
of immune-mediated reactions. Furthermore, interconnec-
tions involving innate immune cells and the patient's tumour
cells can significantly change how well the cells’ function
[154]. Lastly, the number of selection criteria in preliminary
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clinical trials is a significant barrier to innate immune cell-
based therapies in HCC. HLA limitation results in the loss
of a significant number of patients leading to improper con-
ductance of clinical trials [155].

Prospects and way forward

Cancer is one of the major killers and a serious risk to
public health on a worldwide platform. Nevertheless, a
greater proportion of tumour recurrence is associated
with the development of resistance to chemotherapy and/
or radiotherapy [156]. In general, immune cells provide
innate and adaptive immunity, which effectively sup-
presses the progression of cancer through immunosur-
veillance. As immune-based cancer therapies establish
themselves as the first line for numerous malignancies,
the number of patients who are suitable for them continues
to grow. In addition, in addition to immune innate cells,
chemotherapy, immunotherapy, vaccines etc. are currently
being tested in clinical trials for their efficacy against HCC
to develop novel agents. Some of the therapies currently
under development are mentioned herewith:

Natural killer cells (NK-cells) have lately attracted
attention as an important type of innate immune regulatory
cell. Although cancers may acquire a variety of resistance
mechanisms to endogenous NK cell attack, in vitro activa-
tion, proliferation, and genetic alteration of NK cells can
significantly improve their killing capacity and give them
the potential to overcome drug resistance [157].

Immune checkpoint inhibitors (ICI) as discussed in
this review; they have transformed HCC palliative care
when they were recently approved. However, the efficacy
of these drugs is not thoroughly established and most of
the patients fail to respond to this therapy [158, 159]. In

necroinflammation and NASH-induced hepa-

tion-induced hepatocarcinogenesis. JMJD4-
tocarcinogenesis

(HCC progenitor cells) boosts necroinflamma-
demethylated RIG-I is a promising target

While increasing constitutive methylated RIG-I
enhances steatosis and NASH-induced hepa-
tocarcinogenesis, decreased RIG-I in HcPCs

for the prevention of HCC since it inhibits

Key findings

mono-methylated, and IMID4-mediated
tively methylated RIG-I, which worked with
AMPK to increase HMGCR enzyme activity
and cholesterol production. Clinically, RIG-I
was found to be elevated in NAFLD livers

IL-6-STATS3 signalling was decreased by
RIG-I demethylation. The HMGCR phos-

phorylation was inhibited by the constitu-
but decreased in human hepatic precancer-

At K18 and K146, RIG-I was constitutively
ous dysplastic lesions

Mechanistic insights

Hepatocyte-specific RIG-I (retinoic acid
inducible gene-1) knockout mice model

E; addition to ICI, various novel agents are being developed
E for HCC, which include targeted therapies supporting
g antibody-dependent cellular cytotoxicity (ADCC). Cer-
3 tain examples of these developments include Adoptive cell
= therapy (ACT), which entails the transfer of autologous
o CDS8 T cells, T cells, chimeric antigen receptor (CAR)-
‘é T cells into the body to combat the pathogenic antigen,
% generation of oncolytic viruses, and vaccines [160].
g = HCC vaccines include antigen peptide vaccine and
E_? dendritic cell (DC)-based vaccine. Several tumour anti-
E g gens been identified till now which can be classified into
[~ ‘é’o tumour associated antigen (TAA) and tumour specific
S g § antigen (TSA). Examples of these antigens include alpha
é ;%S fetoprotein (AFP), glypican-3, and Wilms tumor-1 (WT-
g 2 g 1), forkhead box M1 (FOXM1) and roundabout homolog
i’ % ﬁ 2 (ROBO-1). They can assist the physicians in providing
2 ,5» =) ‘;3 an accurate and early diagnosis of HCC and initiating its
s &z treatment which can improve the patient’s outcome [161].
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PRL3-zumab, a humanized antibody targeting tumour-
associated antigen (TAA) has been developed recently
and demonstrated to increase intra-tumoral recruiting of
B cells, NK cells, and macrophages, implying that it may
accelerate tumour death by ADCC [159, 160]. A phase I
trial is exploring the injection of autologous genetically
modified AFPc332T T cells which are a type of T cells
carrying a TCR which is specific for a-fetoprotein, in
HLA-A2 positive patients with advanced HCC.

Cytokine Induced Killer Cells (CIK) are a type of cyto-
toxic T cells having a non-major histocompatibility com-
plex (MHC) that mostly consists of CD3 +CD56 +, CD3-
CD56+, and CD3-CD56 + cells. These cells resemble fully
matured CD8 + effector memory cells in several aspects, and
they recognize HCC cells in an MHC class I-restricted fash-
ion. They are also shown to prolong overall survival in HCC
patients [162].

Tumour-Infiltrating Lymphocytes (TIL’s) comprising
T-cells, B cells, and NK cells, are one of the most essen-
tial constituents of the host anticancer immune response.
The cell membranes of TILs contain numerous anti-
gens which include CD3, CD4, CD8, CD16, CD20, CD56
and CD57, CD68, and CD169, respectively. They could
be used as a predictive diagnostic indicator in HCC and
have shown to improve overall survival (OS) and disease-
free survival (DFS) following primary and metastatic liver
tumour excision [163].

Oncolytic viruses are naturally occurring or artificially
created viruses that grow only within tumour cells, causing
the lysis of the tumour while preserving healthy cells. By
spreading into cancer cells and causing cell lysis, oncolytic
viruses are capable of killing cancer cells directly [162, 164].

As of recent times, the research of cell therapies for HCC
is still in its initial phases, and none have received authoriza-
tion. The extent of the benefit shown in significant clinical
studies will determine where they belong to the therapeutic
scale. When all the prospective therapeutic strategies out-
lined in this review are combined, they will usher in a new
era in the treatment of HCC.

Conclusion and outlook

Hepatocellular carcinoma (HCC) is caused due to several
pathologies that are fuelled by a variety of innate immune
cells, particularly dendritic cells, macrophages, and natu-
ral killer cells. HCC can be directly impacted by innate
immune cells, or they can control the T-cell actions that
induce HCC, by targeting innate immune cell functioning,
involved in T-cell recognition cascades. Due to its high
level of malignancy, unsatisfactory clinical findings, and
ineffective therapeutic response, HCC continues to repre-
sent a risk to human health. Innate immunological systems

play a substantial role in the persistence of certain processes
like inflammation, fibrosis, and cirrhosis that are observed in
liver disorders such as HCC, establishing the groundwork for
the development of liver carcinogenesis. Manipulating the
innate immune system and shifting the tumour microenvi-
ronment (TME) into an anti-tumour microenvironment may
assist in reducing tumour progression and enhancing patient-
centred outcomes. The ability of cancer immunotherapy to
prolong the lives of individuals with terminal malignancies
has now revolutionized the field of oncology and several
novel immune cell therapies, focusing on innate and ‘innate-
like’ immune cells are currently present in the pipeline and
undergoing clinical investigation and may soon be available
for the treatment of HCC.
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