
The American Journal of Pathology, Vol. 192, No. 6, June 2022
ajp.amjpathol.org
REVIEW

The Functional Roles of Immune Cells in

Primary Liver Cancer

Linh Pham,*y Konstantina Kyritsi,* Tianhao Zhou,* Ludovica Ceci,* Leonardo Baiocchi,z Lindsey Kennedy,*x

Sanjukta Chakraborty,{ Shannon Glaser,{ Heather Francis,*x Gianfranco Alpini,*x and Keisaku Sato*
From the Division of Gastroenterology and Hepatology,* Department of Medicine, Indiana University School of Medicine, Indianapolis, Indiana; the
Department of Science and Mathematics,y Texas A&M UniversityeCentral Texas, Killeen, Texas; the Hepatology Unit,z Department of Medicine, University of
Tor Vergata, Rome, Italy; the Department of Research, Richard L. Roudebush VA Medical Center,x Indianapolis, Indiana; and the Department of Medical
Physiology,{ Texas A&M University College of Medicine, Bryan, Texas
Accepted for publication
C

h

February 18, 2022.

Address correspondence to
Keisaku Sato, Ph.D., Division
of Gastroenterology and Hep-
atology, Department of Medi-
cine, Indiana Center for Liver
Research, Indiana University
School of Medicine, 702 Rotary
Circle RO 009, Indianapolis, IN
46202.
E-mail: keisato@iu.edu.
opyright ª 2022 American Society for Inve

ttps://doi.org/10.1016/j.ajpath.2022.02.004
Primary liver cancer includes hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA). Incidence
of liver cancer has been increasing in recent years, and the 5-year survival is <20%. HCC and CCA are
often accompanied with a dense stroma coupled with infiltrated immune cells, which is referred to as
the tumor microenvironment. Populations of specific immune cells, such as high density of CD163þ

macrophages and low density of CD8þ T cells, are associated with prognosis and survival rates in both
HCC and CCA. Immune cells in the tumor microenvironment can be a therapeutic target for liver cancer
treatments. Previous studies have introduced immunotherapy using immune checkpoint inhibitors,
pulsed dendritic cells, or transduced T cells, to enhance cytotoxicity of immune cells and inhibit tumor
growth. This review summarizes current understanding of the roles of immune cells in primary liver
cancer covering HCC and CCA. (Am J Pathol 2022, 192: 826e836; https://doi.org/10.1016/
j.ajpath.2022.02.004)
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Liver cancer includes hepatocellular carcinoma (HCC),
which is the most common primary liver cancer, and rela-
tively rare biliary cancer, cholangiocarcinoma (CCA).1,2

Liver cancer is the second most common death-causing
tumor after pancreatic cancer, and 5-year survival is still
<20% because of challenging early diagnosis and limited
treatment options, especially for CCA.3 Liver cancer is
heterogeneous, and in some cases, liver tumors display
characteristics of both HCC and CCA, which is referred to
as combined hepatocellular cholangiocarcinoma (cHCC-
CCA).4 Pathologic characteristics of cHCC-CCA are similar
to those in HCC, but not CCA, although further studies are
required to establish diagnostic testing and specific treat-
ment options.5 Incidence of HCC, CCA, and cHCC-CCA is
increasing in recent years; therefore, more attention needs to
be given to liver cancer.1,2,6 Various risk factors have been
identified for liver cancer. Viral infections, such as hepatitis
B virus and hepatitis C virus, are a common risk factor for
both HCC and CCA.1,2 Accumulating evidence suggests
that fatty liver disease is linked to liver cancer, and the
stigative Pathology. Published by Elsevier Inc
increasing incidence of nonalcoholic fatty liver disease and
nonalcoholic steatohepatitis may promote liver cancer
development via lipid metabolism and generation of reactive
oxygen species.1,2 Increased reactive oxygen species pro-
duction causes accumulation of oncogenic alterations in
. All rights reserved.
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Immune Cells in Liver Cancer
hepatocytes and can induce endoplasmic reticulum stress in
hepatocytes, which induces inflammatory responses and
proinflammatory cytokine production, leading to HCC
development.1

The tumor microenvironment of HCC and CCA is a
dense stromal tissues containing extracellular matrix com-
ponents secreted predominantly from cancer-associated fi-
broblasts (CAFs) and adjacent hepatic cells.7 CAFs and
other cells populating the tumor microenvironment cross
talk with tumor cells to promote progression and invasion.
For instance, CAFs cross talk with CCA cells and secrete
not only extracellular matrix components, but also growth
factors such as epidermal growth factorelike growth factor,
leading to CCA growth and progression.2 Angiogenesis in
endothelial cells influences the liver microenvironment and
is mediated by vascular endothelial growth factors, which
promote tumor growth and metastasis.1,2 The tumor
microenvironment contains various infiltrating immune
cells, and accumulation of extracellular matrix components
along with these immune cells plays a vital role in the
pathophysiology of liver cancer.7 Immune cells, such as
tumor-associated macrophages (TAMs), secrete various
cytokines and chemokines that promote immune cell infil-
tration, inflammation, and fibrogenesis, thereby promoting
tumor progression and metastasis.8 Regulation of immune
cell cytotoxic clearance of tumor cells is an essential cellular
event modulating tumor growth and progression; therefore,
immune cell functions are primary targets for immuno-
therapy, such as treatments with immune checkpoint in-
hibitors.9 This review summarizes the functional roles of
immune cells and their therapeutic potentials in HCC, CCA,
and cHCC-CCA.
Populations of Immune Cells in CCA
Microenvironment

Populations of immune cells, such as TAMs, tumor-
associated neutrophils (TANs), dendritic cells (DCs), and
T cells, including regulatory T cells (Tregs), are altered in
the tumor microenvironment. A previous study using
immunohistochemistry to determine populations of specific
cell types in the tumor area of CCA patients found a high
population of CD66bþ TANs, CD163þ TAMs, and fork-
head box P3 (FOXP3)þ Tregs and a low population of
CD8þ T cells that were associated with poor survival.10

Another immunohistochemical analysis using 40 CCA tis-
sues identified decreased populations of CD4þ, CD8þ, and
CD31þ cells in metastatic CCA tumors, indicating the as-
sociation of T-cell activity/population with CCA metasta-
ses.11 Infiltration of T cells, natural killer (NK) cells, and
DCs is associated with improved prognosis, whereas high
numbers of Tregs and myeloid-derived suppressor cells
(MDSCs) are linked to poor prognosis in HCC.12 Low
T-cell populations and high Treg populations were identi-
fied in cHCC-CCA patients, demonstrating that the immune
The American Journal of Pathology - ajp.amjpathol.org
cell population is critical to the pathophysiology of liver
cancer.13

Ratios of certain cell populations can be a useful indicator
for liver cancer prognosis. A previous study demonstrated that
CCA patients with �3.0 neutrophil/lymphocyte ratio (NLR)
showed a lower 5-year overall survival and recurrence-free
survival compared with CCA patients with <3.0 NLR.14

Another study showed that NLR >2.0 was an independent
risk factor for postoperative complications for CCA patients.15

NLR is negatively associated with survival in HCC patients
and may be a better prognostic tool compared with a-feto-
protein.16 High NLR (>2.75) was associated with poor sur-
vival rates in patients with cHCC-CCA.17 Furthermore, high
NLR and high platelet/lymphocyte ratio are associated with
poor prognosis in patients with CCA.18 These studies suggest
the strong association of immune cell populations with liver
cancer progression and demonstrate the potentials of NLR and
platelet/lymphocyte ratio as prognosis predictors.

The Roles and Therapeutic Potentials of
Immune Cells in Liver Cancer

Neutrophils

High NLR is associated with poor prognosis and survival
rates in liver cancer, indicating that high infiltration of
neutrophils or TANs into the tumor area may play a critical
role in tumor progression and metastasis. Immunohisto-
chemical analysis for the neutrophil marker CD66b per-
formed on 245 biliary tract tumors, including 71 CCA
patients, found that patients with high tumoral neutrophil
infiltration showed poor overall survival compared with
patients with low infiltration.19 Neutrophil populations are
negatively correlated with CD8þ T-cell populations, and
low numbers of CD8þ T cells are associated with poor
survival.19 Accumulation of neutrophils promotes inflam-
matory responses, leading to HCC progression and
decreased survival rates.20 Neutrophil infiltration is medi-
ated by various chemokines, and CXCL5 is one of the most
well-known chemokines promoting neutrophil infiltration in
the tumor area of liver cancer.21 CXCL5 promotes neutro-
phil infiltration via AKT/extracellular signal-regulated ki-
nase 1/2 signaling, leading to proliferation, migration, and
invasion of tumor cells.21 CXCL1eCXC motif chemokine
receptor 2 (CXCR2) signaling also promotes neutrophil
infiltration into HCC tumor tissues and is associated with
overall survival.22 Hepatic cells communicate with one
another to regulate cellular functions in liver diseases and
cancer.23 CAFs secrete cardiotrophin-like cytokine factor 1,
which induces secretion of CXCL6 and transforming
growth factor-b (TGF-b) in HCC tumor cells.24 Tumor-
derived CXCL6 and TGF-b promote neutrophil infiltration
into the tumor microenvironment and enhance
cardiotrophin-like cytokine factor 1 production in CAFs,
implicating cellular cross talk in HCC progression.24

Tumor-infiltrating monocytes produce CXCL2 and
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CXCL8, which promote neutrophil recruitment into the
HCC microenvironment.25 Monocyte-derived CXCL2 and
CXCL8 inhibit apoptosis in neutrophils, resulting in TAN
accumulation.25 Monocytes also up-regulate glycolysis,
which leads to CXCL2 and CXCL8 production in infil-
trating monocytes via 6-phosphofructo-2-kinase/fructose-
2,6-biphosphatase 3eNF-kB signaling.25 Monocytes
differentiate into macrophages, and neutrophils are closely
associated with macrophage recruitment and functions in
liver cancer. TANs in HCC promote the recruitment of
macrophages and Tregs via secretion of C-C motif ligand 2
(CCL2) and CCL17.26 In CCA tumor tissues, CD66bþ

neutrophils/TANs and CD68þ macrophages/TAMs were
adjacent to one another, indicating a close relationship be-
tween TANs and TAMs.27 A combination of TAN and
TAM infiltration promotes CCA cell proliferation compared
with TANs or TAMs alone, which is mediated by activation
of STAT3 signaling in CCA cells.27 Neutrophils/TANs can
be a therapeutic target to inhibit tumor growth and pro-
gression. Inhibition of CXCL1 signaling decreases neutro-
phil infiltration in the liver and attenuates liver damage and
inflammation in a mouse model of steatohepatitis.28 Com-
bination of neutrophil depletion using antielymphocyte
antigen 6 complex locus G and sorafenib decreased tumor
size compared with sorafenib treatment alone.26 Blockade of
chemokine signaling and neutrophil infiltration may have
therapeutic potential against liver cancer, although further
studies are required.

Macrophages

Neutrophil infiltration is correlated with macrophage infil-
tration in the CCA microenvironment, indicating the path-
ologic roles of elevated macrophage populations in liver
cancer.27 A high population of CD163þ TAMs was iden-
tified in CCA tumor tissues and was associated with poor
survival rates.10 Macrophages in the liver include liver-
resident Kupffer cells and bone marrowederived macro-
phages that infiltrate following liver injury, and these
macrophages can be classified into M1 and M2 subsets.29 A
previous study showed that most TAMs populating the
CCA microenvironment were bone marrowederived mac-
rophages with M2 phenotypes,30 although other studies
demonstrated that Kupffer cells were part of the population
of TAMs in the HCC microenvironment,31 and high-density
CD68þ macrophages were associated with large tumor size
and metastasis in HCC patients.32 A subset of M2 macro-
phages expressing high levels of CCL18 is enriched in
advanced HCC patients, which is associated with tumor
progression and poor survival.33 In HCC, NADPH oxidase
2edependent reactive oxygen species generation causes
HCC-induced autophagy, leading to down-regulation of
NF-kB and up-regulation of M2 macrophage polarization.
Immunohistochemical analysis for macrophage subsets in
CCA samples found that low CD86þ M1 macrophage
populations and high CD206þ M2 macrophage populations
828
were associated with worse overall and recurrence-free
survival, whereas data for CD68þ macrophages did not
show a significant difference.34 CD68 and F4/80 are
commonly used as pan-macrophage markers, but markers to
identify specific macrophage subsets, such as inducible ni-
tric oxide synthase, CD80, and CD86 for M1 and CD163,
CD204, and CD206 for M2, may be required to elucidate
the functional roles of TAMs in liver cancer.30 TAMs could
be targeted via inhibition of monocyte recruitment, deple-
tion of TAMs, influencing TAM phenotypes, or neutralizing
TAM products, such as IL-6.35 Some candidates, such as
antieglypican-3 antibodies, which inhibit M2 TAM
recruitment, have proceeded to ongoing clinical trials.35

Inflammation promotes and exacerbates liver cancer
malignancy, and TAMs secrete various cytokines and che-
mokines that induce inflammatory responses in macro-
phages and other hepatic cells.36 IL-6 is a major
proinflammatory cytokine that mediates responses in
various cells. IL-6 expression is elevated in CCA tumor
tissues and cell lines, indicating the association between
IL-6 and CCA.37 IL-6 promotes hepatocyte proliferation
and initiates HCC development via STAT3/extracellular
signal-regulated kinase pathways.38 IL-6 activates STAT3
signaling through IL-6 receptor, which leads to neuroblas-
toma RAS viral oncogene homolog activation, resulting in
elevated cell proliferation via the extracellular signal-
regulated kinaseedependent pathway.39 IL-1b is a proin-
flammatory cytokine up-regulated during liver inflamma-
tion. M1 macrophages induce programmed death-ligand 1
expression in HCC cells through IL-1b signaling, which
mediates immune escape and tumor growth.40 Specific ge-
notypes of IL-1b are associated with HCC prognosis, indi-
cating the pathologic role of IL-1b in liver cancer, although
further studies are needed to elucidate the detailed mecha-
nisms.41 Tumor necrosis factor-a (TNF-a) is mainly pro-
duced by macrophages and strongly related to
inflammation-associated HCC development.42 TNF-a ele-
vates the expression of activation-induced cytidine deami-
nase, a mutation-generating enzyme, leading to higher
mutation numbers in tumor suppressor genes, such as p16
and p53, leading to CCA development.43 Previous studies
suggest that specific polymorphisms in the TNF-a gene
contribute to the development of CCA,44 indicating the
association of TNF-a with liver cancer. CCL2 binds to
CCR2 and functions as a proinflammatory cytokine as well
as a chemokine promoting macrophage infiltration. CCL2/
CCR2 signaling mediates tumor cell invasion and progres-
sion via hedgehog signaling in HCC.45 CCL2 is highly
expressed in patients with liver cancer, and blocking CCL2/
CCR2 signaling can inhibit tumor growth via activating
T-cell antitumor responses.46 IL-10 is secreted from M2
macrophages and functions as an immunosuppressive
cytokine. CCA cells induce M2 macrophage polarization
and IL-10 production via STAT3 signaling, which promotes
malignant properties of tumor cells, indicating the critical
roles of macrophage-derived cytokines in liver cancer.47
ajp.amjpathol.org - The American Journal of Pathology
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M1 and M2 macrophages are referred to as inflammatory
and anti-inflammatory phenotypes, respectively.29 During
liver injury, M1 subsets promote hepatic inflammation and
immune responses, whereas M2 subsets have anti-
inflammatory functions, leading to wound repair.29 Macro-
phage differentiation into specific phenotypes is promoted
by cytokines, such as IL-1b and IL-6 for M1 and IL-4 and
IL-10 for M2.29 As mentioned, hepatic inflammation and
proinflammatory cytokines, including IL-1b and IL-6,
contribute to liver cancer development and progression;
however, most identified macrophage subsets in the tumor
microenvironment are M2 polarized, and M2-derived IL-10,
which is an anti-inflammatory cytokine, functions as an
immunosuppressive cytokine, thereby promoting cancer
progression.1,2,47 Further studies are required to elucidate
the functional changes of macrophages and the balance of
proinflammatory and anti-inflammatory cytokines in liver
cancer.

Myeloid-Derived Suppressor Cells

MDSCs are cell types originating from myeloid progenitors
with immunosuppressive activity. MDSCs inhibit T-cell
activation via generation of reactive nitrogen species fol-
lowed by lymphocyte-specific protein tyrosine kinase
nitration. A previous study identified increased MDSC
numbers in the blood samples of CCA patients compared
with those of healthy individuals, and high MDSC pop-
ulations were correlated with clinical cancer stage.48 A
meta-analysis found that HCC patients had a higher pro-
portion of MDSCs compared with healthy individuals and
patients with chronic liver disease, and a high MDSC
population correlated with poor overall survival and
recurrence-free survival.49 High percentages of MDSCs in
HCC patients are correlated with monocyte counts, sug-
gesting that MDSCs may be involved in immune cell
infiltration, although detailed mechanisms are still unde-
fined.50 MDSCs are heterogeneous and can be classified
into two subsets: monocytic MDSCs, with monocyte-like
morphologic characteristics, and polymorphonuclear
MDSCs (PMN-MDSCs), showing morphologic character-
istics of neutrophils.51 MDSCs can be a therapeutic target
by depletion of MDSCs, inhibition of MDSC trafficking, or
blocking the immunosuppressive function of MDSCs.51 A
recent study has demonstrated that the gut microbiome
drives hepatocyte CXCL1 expression, leading to accumu-
lation of CXCR2þ PMN-MDSCs, and blocking CXCL1
expression and depletion of PMN-MDSCs inhibited CCA
growth in animal models.52 Drugs targeting immune
checkpoints, such as programmed death-1 (PD-1) and pro-
grammed death-ligand 1, show anti-cancer effects and can
be a promising treatment option for liver cancer.53 TAMs
express high levels of programmed death-ligand 1 in CCA,
and depletion of both TAMs and PMN-MDSCs using
antiecolony-stimulating factor 1 receptor antibody and
antielymphocyte antigen 6 complex locus G antibody
The American Journal of Pathology - ajp.amjpathol.org
increased the therapeutic effects of antiePD-1 immuno-
therapy in CCA mouse models.54 Blocking CXCR2-
mediated PMN-MDSC trafficking using anti-CXCR2
monoclonal antibody increases the anti-cancer effects of
antiePD-1 immunotherapy.55 These studies indicate that
MDSCs are negatively correlated with liver cancer via
immunosuppressive properties; however, a study analyzed
MDSC populations in peripheral blood mononuclear cells of
patients with various liver cancers, including HCC and
CCA, and found that the percentage of MDSCs was
significantly increased in HCC patients, but not in CCA
patients, compared with healthy donors.56 Further studies
are required to elucidate the functional roles of MDSCs in
liver cancer.

Dendritic Cells

DCs are phagocytic antigen-presenting cells that activate T
cells and induce immune responses. CCA tumor tissues
have high populations of activated DCs compared with
normal tissues, indicating the association of DCs with liver
cancer.57 Although DCs are heterogeneous with various
subsets, most DC phenotypes include myeloid DCs and
plasmacytoid DCs. T cells are activated within lymph
nodes, and mature myeloid DCs are decreased and plas-
macytoid DCs are significantly increased in hepatic lymph
nodes of HCC patients, suggesting functional differences
depending on DC subsets in liver cancer.58 High pop-
ulations of plasmacytoid DCs in the peritumoral area were
associated with tumor size, lymphatic metastasis, and poor
prognosis in CCA patients, whereas populations of intra-
tumoral plasmacytoid DCs were not, indicating that the
functions of DCs may differ depending on the residing
location.59 Because DCs regulate the cytotoxic activity of T
cells against tumor cells, DCs can be a therapeutic target for
liver cancer. Human DCs were generated from peripheral
blood mononuclear cells isolated from healthy donors and
were pulsed with cell lysate or total RNAs of human CCA
cell lines.60 Lymphocytes co-cultured with pulsed DCs
showed higher anti-tumor effects against CCA cell lines
compared with those with control DCs, indicating the
therapeutic potential of pulsed DCs.60 DCs fused with HCC
cells, CD90þ HepG2, showed a greater capacity to activate
proliferation of lymphocytes, and cytotoxic T lymphocytes
activated by fused DCs showed a specific killing activity
against CD90þ HepG2 cells.61 DC vaccine immunotherapy
increases cytotoxicity of immune cells, leading to anti-
cancer effects, and significantly improves survival rates of
HCC patients.62 DC vaccine using DCs pulsed by tumor
antigens enhanced anti-tumor immune responses, leading to
significant delays in tumor progression in HCC patients,
showing promising potentials of immunotherapy using
DCs.63 Functions of DCs are dependent on immunosup-
pressive cytokines, TGF-b and IL-10, and a previous study
generated DCs from peripheral blood monocytes with
knocked down expression of TGF-b or IL-10 receptors.64
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Figure 1 The interplay between immune cells, inflammatory cytokines, and liver cancer. Although the detailed mechanisms of hepatic carcinogenesis in
hepatocellular carcinoma (HCC), cholangiocarcinoma (CCA), and combined hepatocellular cholangiocarcinoma (cHCC-CCA) remain elusive, multiple immune
cells [neutrophils, macrophages, myeloid-derived suppressor cells (MDSCs), dendritic cells, natural killer (NK) cells, tumor-infiltrating lymphocytes (TILs), and
mast cells (MCs)], inflammatory mediators [IL-6, IL-1b, tumor necrosis factor (TNF)-a, C-C motif ligand 2 (CCL2), IL-10, and IL-17], and their combination may
be responsible for biliary carcinogenesis and CCA metastases. The up-regulation of inflammatory cytokines in the tumor microenvironment and the association
between immune cells and CCA are mediated through a diverse range of signaling pathways. Red arrows indicate up-regulation/down-regulation of cell
population and protein expression associated with liver cancer and poor prognosis. However, further studies are needed to elucidate these complicated
relationships. This figure was generated with BioRender.com (Toronto, ON, Canada). AID, activation-induced cytidine deaminase; CD40L, CD40 ligand; c-Kit,
receptor tyrosine kinase; CTLA4, cytotoxic T-lymphocyteeassociated protein 4; CXCR, CXC motif chemokine receptor; ERK, extracellular signal-regulated kinase;
FOXP3, forkhead box P3; GITR, glucocorticoid-induced TNF receptor-related protein; HR, histamine receptor; IFN-g, interferon-g; iNOS, inducible nitric oxide
synthase; IP3, inositol triphosphate; NKG2D, natural killer group 2 member D; PD-1, programmed death-1; PD-L1, programmed death-ligand 1; PKC, protein
kinase C; TGF-b, transforming growth factor-b; Treg, regulatory T cell.
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DCs were pulsed with protein lysate of CCA cell lines, and
pulsed DCs with TGF-b or IL-10 receptor knockdown
increased cytotoxicity of effector T cells against CCA cell
lines compared with control DCs.64 CD40/CD40 ligand
(CD40L) interaction between antigen-presenting cells and T
cells is important for activation and cytotoxicity of T cells,
and a recent study showed that low CD40 expression in
CCA tissues was associated with poor survival rates of
patients.65 Treatments using antiePD-1 antibody and anti-
CD40 agonistic antibody significantly inhibited tumor
growth compared with IgG control or antiePD-1 or anti-
CD40 alone in mouse models.65 AntiePD-1/CD40 treat-
ments increased populations of CD4þ T cells, CD8þ T cells,
NK cells, macrophages, and DCs in CCA tissues.65

Depletion of these immune cells abrogated treatment
830
efficacy of antiePD-1/CD40 in vivo, indicating the critical
role of immune cell infiltration in CCA via PD-1/
programmed death-ligand 1 and CD40/CD40L signaling.65

A previous study isolated human DCs from buffy coats of
healthy donors, pulsed them with CCA cell lysates, and
transduced them with adenovirus for human CD40L.66

CD40L expression in DCs induced CD40/CD40L interac-
tion between DCs, leading to formation of cell aggregates,
and CD40L-expressing DCs activated co-cultured cytokine-
induced killer (CIK) cells, leading to elevated anti-cancer
effects against CCA cells compared with non-transduced
or mock-transduced DCs.66 These studies suggest that
specific immune cells, such as DCs, can be a therapeutic
tool for the treatment of liver cancer by enhancing cyto-
toxicity of T cells against tumor cells.
ajp.amjpathol.org - The American Journal of Pathology
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Table 1 Major Immune Cells Associated with Liver Cancer

Immune cells
Common markers for
identification

Association with poor
prognosis

Functions associated with liver
cancer

Neutrophils/TANs CD11b, CD66b, Ly6G High population10 Inflammatory responses,20

macrophage recruitment26

Macrophages/TAMs iNOS, CD80, and CD86
for M1 subsets and
CD163, CD204, and
CD206 for M2

High population10 Inflammatory responses and
cytokine secretion26,27,35,36

MDSCs CD33, CD45 High population48,49 Monocyte recruitment,50

immunosuppression51

DCs HLA-DR May differ depending
on activation or
localization57,59

Regulation of T-cell cytotoxic
activity60,61

NK cells CD27, NKG2D Low population68 IFN-g production,67 anti-tumor
cytotoxicity69,70

B cells CD20, CD79a Low population75 Promotion of T-cell activation78

T cells CD3, CD4, CD8 Low population79,80 Cytotoxic activity against tumor
cells79e81

Tregs FOXP3 High population10 Immunosuppression87

Th17 cells CD3þCD4þCD8� High population92 Suggested close relationship
with Tregs92,93

Mast cells c-Kit, chymase,
tryptase

Controversial98,99 Histamine secretion95

c-Kit, receptor tyrosine kinase; DC, dendritic cell; FOXP3, forkhead box P3; HLA-DR, major histocompatibility complex class II DR; IFN, interferon; iNOS,
inducible nitric oxide synthase; Ly6G, lymphocyte antigen 6 complex locus G; MDSC, myeloid-derived suppressor cell; NK, natural killer; NKG2D, NK group 2
member D; TAM, tumor-associated macrophage; TAN, tumor-associated neutrophil; Th17, type 17 helper T; Treg, regulatory T cell.

Immune Cells in Liver Cancer
Natural Killer Cells

NK cells are a type of effector lymphocyte with cytotox-
icity. Decreased populations of NK cells were identified in
human CCA tumor microenvironment, and increased NK
cell populations by antiePD-1/CD40 treatments inhibited
CCA tumor growth in mouse models.65 NK cells produce
various cytokines and chemokines, particularly interferon-g,
promoting the defense against tumor surveillance. It is
known that NK cell functions are dysregulated in HCC,
and low populations of interferon-geproducing NK cells
are correlated with advanced stages of HCC.67 Low
numbers of interferon-geproducing NK cells are also
associated with higher recurrence, indicating the protective
roles of NK functions in liver cancer.67 CXCL9 is a che-
mokine that induces infiltration of T cells and NK cells, and
a previous study using resected CCA samples found that
low CXCL9 expression correlated with low NK cell infil-
tration and poor overall and recurrence-free survival.68

Knockdown of CXCL9 decreased NK cell infiltration and
increased tumor volume compared with control in murine
CCA models.68 Because NK cells have cytotoxicity against
tumor cells, injection of NK cells might be a therapeutic
approach for liver cancer. Tail vein injection of human NK
cells, which were isolated and expanded from healthy do-
nors, induced NK cell infiltration in the tumor area and
inhibited tumor growth compared with saline injection in
xenograft CCA mouse models established by HuCCT-1
The American Journal of Pathology - ajp.amjpathol.org
transplantation.69 Injection of expanded NK cells
decreased tumor growth and improved survival in HCC
mouse models.70 Allogenic NK cell immunotherapy also
enhanced the clinical effectiveness of irreversible electro-
poration, leading to better overall survival in HCC pa-
tients.71 Activation of NK group 2 member D (NKG2D)
signaling by its ligands is critical for NK cell activation and
functions. NKG2D ligand expression is positively corre-
lated with NKG2D expression, and low expression of
NKG2D ligands is associated with poor overall survival in
CCA patients.72 NKG2D activation is also essential for
anti-HCC activity, and enhanced NKG2D signaling
increased the anti-cancer effects of expanded NK cells in
HCC mouse models.70 CIK cells are a heterogeneous
subset of effector NK cells with anti-tumor activity. Similar
to NK cell immunotherapy, CIK cell immunotherapy can
be another treatment option for liver cancer. Immuno-
therapy with DCs, CIK cells, or the combination of DCs
and CIK cells significantly improved overall survival of
HCC patients.62 Adjuvant CIK cell immunotherapy for
stage I or II HCC patients with curative surgical resection
or radiofrequency ablation significantly improved
recurrence-free survival.73 A meta-analysis showed that
CIK cell immunotherapy decreased 1- and 3-year recur-
rence rates and improved 5-year overall survival for HCC
patients.74 These studies support the promising potential of
immunotherapy using NK cells or CIK cells for liver
cancer.
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Tumor-Infiltrating Lymphocytes

Tumor-infiltrating lymphocytes include CD4þ T cells,
CD8þ T cells, Tregs, and B cells. Immunohistochemical
analyses identified a low population of CD4þ or CD8þ T
cells and B cells, as well as a high population of FOXP3þ

Tregs, in CCA and cHCC-CCA tissues, which is associated
with poor survival.10,13 B cells, or B lymphocytes, are a type
of white blood cells associated with adaptive immunity by
mediating antigen-specific Ig production. Numbers of
infiltrated B cells in CCA tissues are positively correlated
with better overall survival.75 High populations of infil-
trating CD20þ B cells, naïve B cells, IgMþ memory B cells,
and isotype-switched memory B cells were associated with
better survival, showing characteristics as prognostic factors
for HCC patients.76 Infiltration of CD20þ or CD79aþ B
cells in the tumor microenvironment was positively corre-
lated with prolonged HCC patient survival.77 Tumor-
infiltrating T cells and B cells are closely localized in the
HCC microenvironment, and B cells promote T-cell acti-
vation via interaction, leading to anti-tumor activities,
indicating the vital role of B cells in liver cancer.78

Similar to B cells, T cells populating the tumor micro-
environment contribute to better prognosis in liver cancer.
Low populations of CD3þ T cells and CD8þ T cells are
associated with poor survival rates in CCA patients.79

Infiltration of cytotoxic CD4þ and CD8þ T cells is
impaired in HCC tumors.80 High densities of CD3þ and
CD8þ T cells in the tumor microenvironment are associated
with low recurrence rates and prolonged recurrence-free
survival in HCC patients.81 High infiltration levels of
CD8þPD-1þCD161þ T cells are also correlated with better
prognosis in HCC.82 Infiltration of CD8þCXCR5þ T cells
promotes IgG production in B cells via IL-21, leading to
better prognosis.83 Similar to pulsed DCs that increase the
cytotoxic ability of T cells against tumor cells, transduction
of tumor antigens into T cells can enhance their cytotoxicity
against liver cancer cells. CCA tumors had high expression
levels of mucin 1, and T cells generated from peripheral
blood mononuclear cells and transduced for the antiemucin
1 single-chain variable fragment showed elevated cytotoxic
functions against human CCA cell lines compared with non-
transduced T cells, indicating the therapeutic potential of
modified T cells in liver cancer.84 This approach is referred
to as chimeric antigen receptor T cell therapy, and a pre-
vious study has demonstrated that T cells expressing
chimeric a-fetoprotein lysed cancer cells can inhibit tumor
growth in HCC mouse models.85 CD133 is highly expressed
in various cancer cells, and a previous phase 1 study
generated chimeric antigen receptor T cells transduced for
CD133, and these cells showed anti-tumor activity against
CD133þ cancer cells.86

Elevated populations of FOXP3þ Tregs were identified in
CCA and HCC tumors, which correlated with poor prog-
nosis.10,12 A single-cell RNA-sequencing analysis using
CCA and adjacent tissues has demonstrated that Tregs have
832
high expression of immunosuppression markers, including
cytotoxic T-lymphocyteeassociated protein 4 and
glucocorticoid-induced TNF receptor-related protein, indi-
cating the pathologic roles of Tregs in liver cancer.87

FOXP3þ Tregs are increased in HCC, contributing to
immunosuppression and poor survival, and FOXP3þ Treg/
CD4þ T cell ratio acts as a prognostic factor for overall
survival.88 HCC tumor cells secrete TGF-b1, and inhibition
of TGF-b1 reduces Treg numbers and metastatic nodules in
mouse models.89 Inhibition of Treg production/infiltration
may be a novel therapeutic approach for liver cancer. A
recent study analyzing Treg populations in HCC patients
with transarterial chemoembolization using gelatin sponge
microparticles found that transarterial chemoembolization
using gelatin sponge microparticles significantly decreased
Treg populations postoperatively, showing regulatory ef-
fects on the anti-cancer immune functions, although further
studies are required to elucidate the mechanisms and
confirm the efficacy.90

Type 17 helper T (Th17) cells secrete a proinflammatory
cytokine IL-17, and the association of IL-17 with CCA was
suggested by up-regulated serum IL-17A levels in patients
with CCA.91 In HCC, increased numbers of Tregs and Th17
cells were identified, and high percentages of Tregs and
Th17 cells were closely correlated to the tumor stage and
size.92 Treg/Th17 cell ratio or balance may be important for
HCC progression and treatments. A previous study per-
formed thermal ablation treatments in an HCC mouse model
and found that thermal ablation decreased frequencies of
Th17 cells but increased Tregs.93 Expression levels of IL-17
were decreased, but FOXP3 was increased, in murine HCC
tissues.93 Although the roles of Treg/Th17 cell ratio in the
pathophysiology of liver cancer are undefined and further
studies are required, functions of Tregs and Th17 cells may
be closely related, and increased Tregs and Th17 cell levels
may be required for HCC growth.

Mast Cells

Mast cells are derived from myeloid progenitors and
mediate allergic responses by secretion of histamine.
Immunohistochemistry identified elevated mast cell
numbers in CCA by detecting mast cell marker receptor
tyrosine kinase and the enzymes chymase and tryptase.94

Regulation of mast cell activities and histamine secretion
by cromolyn sodium inhibited CCA tumor growth in
xenograft mouse models, indicating the pathologic
involvement of mast cells in CCA.94 A previous study has
demonstrated that histamine receptors H1HR and H2HR are
up-regulated in CCA tumor tissues, and serum histamine
levels are significantly elevated in CCA patients compared
with control individuals.95 Administration of H1HR or
H2HR antagonists inhibited tumor growth in CCA xeno-
graft mice in vivo, as well as cell proliferation and invasion
of human CCA cells.95 In contrast, the up-regulation of
H3HR attenuated the growth of CCA by activating the
ajp.amjpathol.org - The American Journal of Pathology
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inositol triphosphate/Ca2þ/protein kinase C-a signaling.96

Moreover, the H4 histamine receptor agonist, clobenpro-
pit, suppresses human CCA progression in a Ca2þ-depen-
dent manner.97 Prognostic roles of mast cells are also
controversial in HCC. A previous study demonstrated that
tryptaseþ mast cell infiltration significantly decreased
overall survival in patients with solid tumors, including
HCC, showing the association of mast cells with poor
prognosis.98 However, another study showed that high
density of mast cells in the HCC microenvironment corre-
lated with a better prognosis in HCC patients with ortho-
topic liver transplantation. Patients lacking intratumoral
mast cells showed larger tumors and higher recurrence rates,
indicating the potential roles of mast cells in anti-cancer
immunity.99 Further studies are required to elucidate the
roles of mast cells in the pathophysiology of liver cancer,
which is important to develop novel therapeutic strategies
targeting mast cells.
Conclusion and Future Perspectives

Figure 1 summarizes our current understanding of the roles
of immune cells in liver cancer, and Table 1 lists markers
and associated functions of immune cells in liver cancer.
Although studies have mainly focused on the association of
immune cells with liver cancer (eg, high NLR associated
with poor prognosis), some recent studies elucidated the
detailed mechanisms of the pathophysiology of immune
cells and cytokines in liver cancer (eg, NKG2D signaling in
NK cells). Future studies may develop novel therapeutic
approaches targeting these candidate pathways. Immuno-
therapy, not only immune checkpoint blockade but also
allogenic cell vaccination using DCs, NK cells, CIK cells, or
T cells, shows promising results in animal models, as well
as human patients. Modification of cells for vaccination,
such as pulsed DCs and transduced T cells, even enhances
the anti-cancer effects of cell vaccine. Although further
studies and optimization are required, current studies pro-
vide supportive and promising data, and various clinical
trials are ongoing for immunotherapy against liver cancer.
Some studies show controversial results for the roles of
immune cells (eg, mast cells). A possible cause of incon-
sistent studies may include the location of the cells and their
phenotypes. For example, close localization of T cells and B
cells in HCC microenvironment is required to initiate T-cell
activation and anti-cancer activities,78 meaning that not only
cell numbers but also cell localization should be considered
to reveal the functional roles of immune cells. Immune cells
can infiltrate the tumor or surrounding area or can circulate
in the blood stream. Cell functions could differ depending
on the location of the cells and relationship with tumor cells.
In addition, immune cells are heterogeneous and can have
various phenotypes expressing different cytokines and
membrane proteins. Although two major subsets of mac-
rophages are M1 and M2, a previous study identified
The American Journal of Pathology - ajp.amjpathol.org
CD11b�CD68þ, CD11bþCD68�, and CD11bþCD68þ

subsets of Kupffer cells, and CD11bþ subsets are func-
tionally different from CD68þ subsets.100 Immune cells
may function differently depending on their phenotypes,
and multiple membrane markers may need to be analyzed to
identify specific phenotypes and elucidate the functional
roles. In conclusion, immune cells play a vital role in the
pathophysiology of liver cancer and can be promising
therapeutic targets for novel treatment options or tools for
immunotherapy. Because immune cells are heterogeneous
and functions may vary depending on phenotypes, further
studies are required to determine the roles of immune cells
with specific phenotypes at specific locations in liver cancer.
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