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Background: The protein “human endogenous retrovirus H long terminal repeat-associating 2”
(HHLA?2), a member of the B7 family, has been linked to cancer progression and immune
responses. However, its functional role in hepatocellular carcinoma (HCC) remains unknown.
Methods: Bioinformatics was used to examine the potential roles of HHLA2 in HCC and
the molecular pathways involved. Expression of HHLA2 and PD-L1 as well as the density of
tumor-infiltrating lymphocytes (TILs) in tumoral areas were evaluated by immunohistochem-
istry and hematoxylin-eosin staining of 202 resected human HCC samples. Potential correla-
tions of HHLA2 expression with pathological characteristics or prognosis of HCC patients
were explored. Different types of immune microenvironment in HCC were defined based on
HHLA2 expression and TIL density.

Results: High HHLA2 levels in HCC correlated with more advanced clinical cancer stage
(P = 0.040), multiple tumors (P = 0.044), poor tumor differentiation (P = 0.048), micro-
vascular invasion (P = 0.011) and hepatic capsule invasion (P = 0.047). HHLA2 levels
correlated significantly with density of TILs, but not with PD-L1 levels. High HHLA2 levels
were associated with worse prognosis. Intermediate and high TIL densities were independent
predictors of better prognosis. Tumor microenvironments with type I (HHLA?2 - high TILs +)
or type IV (HHLA2 - low TILs +) were associated with better prognosis.

Conclusion: HHLA?2 level can independently predict worse prognosis and affect the tumor
microenvironment in HCC, which may help guide immunotherapy against the cancer.
Keywords: hepatocellular carcinoma, HHLA2, tumor-infiltrating lymphocyte, tumor
microenvironment

Introduction

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors world-
wide and is considered a major cause of cancer-related death.! Most HCC cases are
diagnosed at advanced stages, when prognosis is poor. Treatment options for advanced
stages of HCC are often limited. The multi-target kinase inhibitor Sorafenib, as the
standard first-line treatment, can enhance survival of patients with advanced HCC, but
even so, median survival remains only 10.7 months and the drug is effective in only 2%
of patients, yet it can trigger adverse events in as many as 80% of patients.’
Immunotherapy has opened up new possibilities against HCC: antibodies against
Programmed cell death-1 (PD-1)/programmed death ligand-1 (PD-L1) act as immune
checkpoint inhibitors and can achieve objective response rates of more than 20% and 30-
month survival rates of 44%.’
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While levels of PD-L1 on tumor cells can predict
prognosis and response to anti-PD-1/PD-L1 immunother-
apy, not all patients with PD-L1-positive tumors respond
to the treatment.* ® Another important factor may be the
density of tumor-infiltrating lymphocytes (TILs), which,
like PD-L1 levels in the tumor microenvironment, is asso-
ciated with response to such therapy.™’ TILs are important
components of the tumor microenvironment, which influ-
ences the progression of malignant tumors and the host’s
anti-tumor immune response.® In ovarian, breast, esopha-
geal and colorectal cancers, TILs can inhibit tumor pro-
gression, affect the prognosis of patients, and predict the
efficacy of tumor immunotherapy.” ' A retrospective
study of 163 patients with HCC linked high numbers of
TILs, mainly T cells, with lower rate of 5-year recurrence
and longer overall survival (OS)."?

The protein “human endogenous retrovirus H long
terminal repeat-associating 2” (HHLA2), a newly discov-
ered member of the B7 family, co-stimulates and co-
suppresses T cell proliferation and function, as well as
the production of cytokines.'*'> HHLA2 can also promote
angiogenesis and promote tumor growth and metastasis.
HHLA?2 is highly expressed in various malignant tumor
tissues, and it has been linked to tumor progression and
metastasis.'® > In our preliminary study, we found that
HHLA2 mRNA and protein levels were higher in HCC
tissues than in para-carcinoma or normal liver tissues, and
that higher HHLA2 expression was significantly asso-
ciated with clinical stage, tumor differentiation and inva-
sion of adjacent structures. In order to explore the potential
usefulness of HHLA2 as a prognostic indicator or immu-
notherapy target in HCC, we explored potential associa-
tions of its expression with prognosis and characteristics of
the tumor microenvironment.

Methods

Bioinformatics Analysis
The LinkedOmics website (http://www.linkedomics.org/

login.php) is an open web portal for multi-omics data
[The Cancer Genome Atlas (TCGA) Research Network]
that includes 32 cancers.”> We extracted RNA-sequencing
data in the “TCGA-LIHC” dataset and applied Pearson
correlation tests. Genes related to HHLA2 expression in
HCC were identified using the LinkFinder module. Based
on these co-expressed genes, Gene Ontology (GO) analy-
sis and Kyoto Encyclopedia of Genes and Genomes

(KEGG) pathway enrichment analysis were performed
using the LinkInterpreter module.

Study Population and Tissue Samples
There were 202 samples collected from patients who were
initially treated in the Department of Hepatobiliary Surgery
at Guangxi Medical University Cancer Hospital between
January 2014 and December 2015. All underwent surgical
resection, they had been diagnosed with HCC based on
pathology, and their clinicopathological and follow-up data
were complete. None of the patients received chemotherapy,
targeted therapy or immunotherapy, nor did they have auto-
immune diseases or tumors in other organs. All HCC tissues
were taken from the primary tumor while avoiding areas of
necrosis and inflammation, and were fixed with 10% neu-
tral-buffered formalin, then embedded in paraffin. Detailed
clinicopathologic characteristics of the patients are shown in
Table 1. The last follow-up was December 31, 2019, and the
median follow-up time was 37.2 months.

All patients provided written informed consent for
participation in this study, which was approved by the
Ethics Committee of Guangxi Medical University Cancer
Hospital. All procedures involving human participants fol-
lowed the ethical standards of the 1964 Helsinki
Declaration and its later amendments.

Histological Evaluation of TIL Density

Each paraffin-embedded tissue was sectioned 3—4 pm
thick, stained with hematoxylin-eosin (H&E), then exam-
ined at magnifications of x10 and x20 by light microscopy.
Average density of TILs was defined as the proportion of
intratumoral stromal area occupied by mononuclear
inflammatory cells. The intratumoral stromal area was
defined to include both “central tumor” and “invasive
margin”, based on the guidelines of the International
ImmunoOncology Biomarkers Working Group for solid
tumors.”**> The “central tumor” was defined as the central
tumor tissue surrounded by the “invasive margin”, which
was defined as a zone 1 mm wide centered on the border
of the malignant cells with the host tissue. Low TIL
density was defined as less than 10%; intermediate TIL
density, 10-40%; and high TIL density, as more than 40%.

Immunohistochemical Staining

Paraffin-embedded tissue sections (4 um thick) were
deparaffinized in xylene and hydrated through a graded
ethanol series descending to distilled water. Subsequently,
antigen retrieval was performed using microwave pre-

4218 "

Dove!

Journal of Inflammation Research 2021:14


http://www.linkedomics.org/login.php
http://www.linkedomics.org/login.php
https://www.dovepress.com
https://www.dovepress.com

Dove

Luo et al

Table | Correlations Between HHLA?2 Protein Expression and Clinicopathological Characteristics in HCC Patients (n=202)

Clinical Character Number of Cases (%) HHLA2 P value
Low Expression High Expression

Sex 0.267
Male 174 (86.1%) 88 (50.6%) 86 (49.4%)
Female 28 (13.9%) 11 (39.3%) 17 (60.7%)

Age(years) 0813
>60 36 (17.8%) 17 (47.2%) 19 (52.8%)
<60 166 (82.2%) 82 (49.4%) 84 (50.6%)

HBsAg 0.590
Negative 24 (11.9%) 13 (54.2%) Il (45.8%)
Positive 178 (88.1%) 86 (48.3%) 92 (51.7%)

AFP level 0.776
>400ng/mL 100 (49.5%) 48 (48%) 52 (52%)
<400ng/mL 102 (50.5%) 51 (50%) 51 (50%)

Edmondson grade 0.048
-l 87 (43.1%) 49 (56.3%) 38 (43.7%)
-V 115 (56.9%) 50 (43.5%) 65 (56.5%)

Tumor size 0.343
>5em 121 (59.9%) 56 (46.3%) 65 (53.7%)
<5cm 81 (40.1%) 43 (53.1%) 38 (46.9%)

Tumor number 0.044
Single 145 (71.8%) 77 (53.1%) 68 (46.9%)
Multiple 57 (28.2%) 22 (38.6%) 35 (61.4%)

Satellite nodules 0.423
No 167 (82.7%) 84 (50.3%) 83 (49.7%)
Yes 35 (17.3%) 15 (42.9%) 20 (57.1%)

Microvascular invasion 0.011
No 80 (39.6%) 48 (60%) 32 (40%)
Yes 122 (60.4%) 51 (41.8%) 71 (58.2%)

Liver cirrhosis 0.394
No 104 (51.5%) 54 (51.9%) 50 (48.1%)
Yes 98 (48.5%) 45 (45.9%) 53 (54.1%)

CNLC stage 0.040
| 98 (48.5%) 49 (50%) 49 (50%)
Il 45 (22.3%) 28 (62.2%) 17 (37.8%)
n 59 (29.2%) 22 (37.3%) 37 (62.7%)

Capsular invasion 0.047
Negative 77 (38.1%) 44 (57.1%) 33 (42.9%)
Positive 125 (61.9%) 55 (44%) 70 (56%)

Abbreviations: HCC, hepatocellular carcinoma; HHLA2, human endogenous retrovirus H long terminal repeat-associating 2; HBsAg, hepatitis B virus antigen; AFP, alpha

fetoprotein; CNLC, China liver cancer staging.

treatment in citrate-EDTA-buffer pH6.0 (ZSGB-BIO,
Beijing, China) for 3 min. The sections were then treated
with 3% hydrogen peroxide for 10 minutes at room tem-

perature to block endogenous peroxidase activity. Sections

were incubated with rabbit polyclonal antibody against
HHLA?2 (dilution 1:200; #ab214327, Abcam, Cambridge,
UK) or rabbit monoclonal antibody against PD-L1 (dilu-
tion 1:400; #ab205921, Abcam) for 1 hour at 37°C. Then
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the PV-8000 Polymer Detection System for Immuno-
Histological Staining (ZSGB-BIO, Beijing, China) was
used according to the manufacturer’s instructions, fol-
lowed by Liquid DAB (Solarbio, Beijing, China) as
a chromogen. Finally, sections were counterstained with
hematoxylin and examined by light microscopy.

Stained sections were examined independently by two
experienced investigators at 400x magnification, who
assigned semi-quantitative immunoreactivity scores (IRS)
based on the area of staining intensity and the percentage of
positive cells.?® Staining intensity was scored as 0 (nega-
tive),l (weak), 2 (moderate), or 3 (strong). Percentage of
positive cells was scored as 0 when none of the observed
cells stained positive; 1, when <10% of observed cells were
positive; 2, 10-50% of cells; 3, 51-80% of cells; or 4, >80%
of cells. The IRS was evaluated in five visual fields from
different areas of each tumor by multiplying the individual
scores for staining intensity and percentage of positive cells.
IRS could therefore vary from 0 to 12 points.

Cut-off values for stratifying tumors by IRS were
determined using X-tile (New Haven, CT, USA). Tumors
with IRS of at least 3 for PD-1 were considered positive
for that protein.”’” Tumors with IRS more than 3 for
HHLA2 were considered to express “high HHLA2”,
while other tumors were considered to express
HHLA2”®

“low

Statistical Analysis

Data were analyzed using SPSS 25.0 (Chicago, IL, USA).
Potential relationships between HHLA2 expression and
clinicopathological characteristics were explored using
a chi-squared test. Potential relationships of HHLA2
expression with TILs or PD-L1 expression were explored
using Spearman analysis. Survival curves for patients stra-
tified along different criteria were generated using the
Kaplan-Meier method and compared using the Log rank
test. Univariate and multivariate Cox proportional hazard
regression was performed to identify factors associated
with survival. P < 0.05 was considered statistically
significant.

Results

Bioinformatic Analysis of HHLA2 in HCC
The gene expression profile of the 371 patients with HCC

from the TCGA database analyzed using
LinkedOmics, identifying 19,922 differentially expressed
genes (DEGs) related to HHLA2 expression. DEGs were

was

depicted on volcano plots and heat maps (Figures 1A and
B), identifying the three genes most closely related to
HHLA2 expression: TFF2, FABP6, and PPP1R14D. GO
analysis showed that these three DEGs were significantly
associated with immune-response biological processes,
such as T cell activation, lymphocyte activation, and cell
surface receptor signaling pathways that activate or regu-
late immune responses (Figure 1C). KEGG pathway ana-
lysis showed that the immune-related pathways of those
DEGs were enriched mainly in Fc gamma R-mediated
phagocytosis and signaling pathways involving TNF, Toll-
like receptors, and NOD-like receptors (Figure 1D).

Correlations Between HHLA?2
Expression and Clinicopathology of HCC

Patients

Immunohistochemical staining detected HHLA2 on the
membrane of tumor cells. Of the 202 patients examined,
103 (51.0%) showed high HHLA2 expression, while 99
(49.0%) showed low expression (Figures 2A and B).
HHLA2 protein expression was higher with more
advanced clinical cancer stage (P = 0.040), multiple
tumors (P = 0.044),
(P = 0.048), tumors
(P = 0.011) or tumors with hepatic capsule invasion
and P = 0.047) (Table
HCC
aggressive.

poorly differentiated tumors
with microvascular invasion
1). These results suggest that
involving high HHLA2 expression is more

No significant association was found between HHLA2
expression and sex, age, serum alpha-fetoprotein (AFP),
tumor size, hepatitis B virus (HBV) infection, liver cirrho-
sis, or satellite nodules.

PD-LI Expression and TlLs in HCC

Tissues

Immunohistochemical staining detected PD-L1 on the
membrane of tumor cells (Figures 2C and D). Of the 202
patients, 66 (32.7%) were positive for PD-L1, while 136
(65.3%) were negative for PD-L1. We observed that TILs,
which appeared as mononuclear lymphocytes with round,
hyperchromatic nuclei and blue-gray cytoplasm, were
mostly enriched on the invasion edge of tumors
(Figure 2E to G). Scattered TILs were observed in the
tumor center. The density of TILs in HCC tissues was
graded as low in 31 patients (15.3%), intermediate in
107 cases (53.0%), and high in 64 (31.7%).
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Figure | LinkedOmics analysis to identify differentially expressed genes related to HHLA2 in HCC. Volcano plot (A) of differentially expressed genes, showing three genes
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Abbreviations: HCC, hepatocellular carcinoma; HHLA2, human endogenous retrovirus H long terminal repeat-associating 2; GO, Gene Ontology; KEGG, Kyoto

Encyclopedia of Genes and Genomes.

Correlation of HHLA2 with TILs and
PD-LI in HCC Tissues

Spearman analysis showed that HHLLA2 expression corre-
= —0.154, P = 0.028,;
Table 2). However, HHLA2 expression did not correlate
with PD-L1 expression (P = 0.057). As shown in
Figures 3A and B, high HHLA2 expression was associated
with worse OS in HCC patients with low TIL density
(P = 0.009) and intermediate TIL density (P = 0.002). In
contrast, HHLA2 expression did not seem to influence OS
of HCC patients with high TIL density (P = 0.191,
Figure 3C). Our data suggest that as TIL density increases,

lated negatively with TILs (g

high HHLA2 expression exerts less influence on prognosis
of HCC patients.

Prognostic Significance of HHLA2, TILs
and PD-LI in HCC

Survival analyses of patients stratified according to
HHLA2 expression, TIL density, and PD-L1 expression
are shown in Figure 4A—F. The 103 patients with high

HHLA2 showed median disease-free survival (DFS) and
OS of 8.4 and 30.5 months, significantly worse than the
46.6 and 50.6 months for the 99 patients with low HHLA?2
(both P < 0.001). The 171 patients with high or intermedi-
ate TIL density showed respective median DFS of 50.6
and 10.8 months and OS of 52.4 and 40.8, significantly
better the 3.3 and 8.5 months for the 31 patients with low
TIL density (all P < 0.001). Patients positive for PD-L1
had significantly shorter median OS (36.0 months) than
patients negative for PD-L1 (49.8 months, P = 0.023), but
DFS did not differ significantly between the two groups
(P =0.259).

Our univariate analysis identified the following factors
as significantly correlated with OS (Table 3): AFP, tumor
size, Edmondson grade, tumor number, satellite nodules,
microvascular invasion, liver cirrhosis, clinical stage, cap-
sular invasion, TILs, PD-L1, and HHLA2 expression.
Multivariate analysis identified the following factors as
independent prognostic factors: high HHLA2 [hazard
ratio (HR) 2.80, P < 0.001], microvascular invasion (HR
1.87, P = 0.034), tumor size >5 cm (HR 3.06, P < 0.001),

Journal of Inflammation Research 2021:14

https:

4221

Dove:


https://www.dovepress.com
https://www.dovepress.com

Luo et al

Dovepress

Figure 2 Expression of HHLA2 and PD-L| and density of TILs in HCC tissues. Representative micrographs of low HHLA2 expression (A) and high HHLA2 expression (B)
within HCC tumors. Representative micrographs of negative PD-LI expression (C) and positive PD-L| expression (D) within HCC tumors. Representative H&E staining of
TILs in HCC tissues. Samples were graded as showing low TIL density (E), intermediate TIL density (F) or high TIL density (G).

Abbreviations: HCC, hepatocellular carcinoma; HHLA2, human endogenous retrovirus H long terminal repeat-associating 2; PD-LI, programmed death ligand-1; TILs,

tumor-infiltrating lymphocytes.

multiple tumor number (HR 1.82, P = 0.007). Intermediate
or high TIL density (HR 0.21, P < 0.001) were identified
as independent predictors of better prognosis.

Correlation Between Tumor

Microenvironment and Prognosis in HCC
Our finding of significant correlations among HHLA2
expression, TIL density and prognosis led us to examine
associations between the tumor microenvironment and

1,29

prognosis. Based on Teng et al,” we defined four types

of tumor microenvironment: type I (“adaptive immune

resistance”, HHLA2 - high TILs +), which lacked
HHLA2 and show intermediate or high TIL density, was
observed in 77 of the 202 HCC tissues (38.1%); type 11
(“immunologic ignorance”, HHLA2 - low TILs -), which
lacked HHLA2 and showed low TIL density, was
observed in 10 cases (5.0%); type III (“intrinsic induc-
tion”, HHLA2 - high TILs -), which lacked HHLA2 and
showed intermediate or high TIL density, was observed in
26 cases (12.9%); and type IV (“tolerance”, HHLA?2 - low
TILs +), which lacked HHLA?2 and low TIL density, was
observed in 89 cases (44.0%).

https://doi.org/10.2147/JIR.S324336
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Table 2 Correlation of HHLA2 Expression with TILs and PD-LI
in HCC Tissues

Variables Number HHLA2 re P value
Low High
n=99) | (n=103)
TILs —0.154 0.028
Low 36 10 26
Intermediate 102 54 48
High 64 35 29
PD-LI 0.134 0.057
Negative 136 73 63
Positive 66 26 40

Abbreviations: HCC, hepatocellular carcinoma; HHLA2, human endogenous ret-
rovirus H long terminal repeat-associating 2; PD-LI, programmed death ligand-1;
TILs, tumor infiltrating lymphocytes.

The four types of tumor microenvironment were asso-
ciated with different OS and DFS (Figure 5). Prognosis was
significantly better for patients with type I or [V tumor micro-
environments, who had respective median DFS of 15.8 and
49.2 months and respective median OS of 49.5 and 51.3
months, than for patients with type II or III tumor microenvir-
onments, who had respective median DFS of 8.8 and 2.3
months and median OS of 24.2 and 7.6 months (all P <
0.001). Our results suggest that HCC patients with type I or
IV tumor microenvironments are more likely to have better
prognosis, probably because of stronger anti-tumor immune
reactions.

Discussion

The tumor microenvironment is influential in tumorigen-
esis because it harbors tumor cells that interact with sur-
rounding cells through the circulatory and lymphatic
systems, and these interactions influence the development
and progression of cancer.’® Anti-tumor immunotherapy,
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which aims to subvert tumor immunosuppression and
enhance the body’s anti-tumor immune response, has
become the new focus of tumor therapy in recent years.
In particular, antibodies against CTLA4 and PD-1/PD-L1
act as immune checkpoint inhibitors to restore T cell activ-
ity and induce robust anti-tumor immune responses.”'

HCC is one of the most prevalent life-threatening malig-
nancies, ranking as the sixth most frequently diagnosed
cancer, and the fourth-leading cause of cancer-related death
worldwide.*® Studies have confirmed that 90% of HCC
preferentially develops in a background of chronic liver
damage and inflammation. Chronic liver damage alters the
liver microenvironment and may help cancer cells evade
immune surveillance by reprogramming the inflammatory
environment, leading to inflammation-associated tumor
formation.>® Anti-tumor immune responses require activa-
tion of T cells and subsequent recognition and killing of
tumor cells by effector T cells. Molecules in the B7-CD28
family, as secondary signals of T cell activation, are crucial
in T cell-mediated immune responses. The most widely used
negative co-stimulatory molecules are B7.2 (CTLA-4), B7.1
(PD-1), and B7-H1 (PD-L1), which can be quite effective
against advanced HCC, providing a new direction for its
treatment. Therefore, attention has been turned to the role of
co-stimulatory or co-inhibitory molecules of the B7 family
and their corresponding receptors in tumor immune
regulation.

HHLAZ2, a newly described member of the B7 immu-
noglobulin superfamily, plays an important role in the adap-
tive immune system. HHLA2 was first discovered in the
long terminal repeats of the HERV in the human genome,**
and its overexpression in the tumor microenvironment can
inhibit T cell-mediated anti-tumor response, impair immune
surveillance and promote tumor immune invasion.>’
HHLA2 is widely expressed in a variety of malignant
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Figure 3 Kaplan-Meier survival curves showing OS of patients with HCC according to HHLA2 expression based on TILs. High HHLA2 expression was associated with worse OS
in HCC patients with low TIL density (A) and intermediate TIL density (B). HHLA2 expression was not associated with OS of HCC patients with high TIL density (C).
Abbreviations: HCC, hepatocellular carcinoma; HHLA2, human endogenous retrovirus H long terminal repeat-associating 2; TlLs, tumor-infiltrating lymphocytes; OS,

overall survival.
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Figure 4 Kaplan-Meier survival curves showing DFS and OS of patients with HCC according to HHLA2 and PD-L| expression and density of TILs. High HHLA2 expression was
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Abbreviations: HCC, hepatocellular carcinoma; HHLA2, human endogenous retrovirus H long terminal repeat-associating 2; PD-LI, programmed death ligand-1; TILs,

tumor-infiltrating lymphocytes; OS, overall survival; DFS, disease-free survival.

tumors, such as lung cancer, neuroendocrine tumors, and
cervical adenocarcinoma.*®* In our previously published
work, we found that HHLA?2 was highly expressed in HCC
tissues, and was correlated with development and progres-
sion in HepG2 cells.>* We used the LinkOmics online
database to analyze pathways in HCC that potentially
involve HHLA2. We identified three genes closely related
to HHLA2: TFF2, FABP6, and PPP1R14D. These genes
have been linked to tumor occurrence and development in
the digestive system.**** GO analysis found that HHLA2
was involved mainly in the immune-related biological

processes, and enriched KEGG pathways were Fc gamma
R-mediated phagocytosis, TNF signaling pathways, and
Toll-like receptor signaling pathways, all of which have
been implicated in regulating the tumor microenvironment
and promoting tumor development.*>*® In this way, both
GO and KEGG pathway analysis suggest that HHLA2 is
involved in immune regulatory pathways in HCC. These
results may provide clues to explain our finding that
HHLA?2 influences the tumor microenvironment in HCC,
given that the tumor microenvironment can reflect the
host’s anti-tumor immune response.
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Table 3 Cox model analysis for the association between the HHLA2 expression level and patients’ clinical parameters
Variables Univariate Analysis Multivariate Analysis
HR (95% CI) P value HR (95% CI) P value
Gender (male: female) 1.28 (0.91~1.80) 0.161
Age (> 60: <60 years) 1.35 (0.77~2.39) 0.299
HBsAg (positive: negative) 0.68 (0.34~1.36) 0.277
AFP (>400ng/mL: <400ng/mL) 0.64 (0.52~0.80) <0.001 1.47 (0.87~2.48) 0.151
Tumor size (>5: <5 cm) 0.21 (0.12~0.36) <0.001 3.06 (1.24~4.11) <0.001
Edmondson grade (I-I: 1I-1V) 0.64 (0.42~0.98) 0.04 0.80 (0.48~1.35) 0.402
Tumor number (multiple: single) 0.44 (0.29~0.67) <0.001 1.82 (1.18~2.81) 0.007
Satellite nodules (Yes: No) 0.65 (0.52~0.82) <0.001 1.15 (0.64~2.05) 0.647
Microvascular invasion (Yes: No) 0.48 (0.37~0.63) <0.001 1.87 (1.05~3.35) 0.034
Liver cirrhosis (Yes: No) 1.18 (0.78~1.78) 0.424
CNLC stage (I: 1I+11l) 3.97 (246~6.41) <0.001 1.08 (0.61~1.92) 0.782
Capsular invasion (positive: negative) 0.60 (0.38~0.94) 0.025 0.98 (0.60~1.60) 0.937
TILs (low: intermediate + high) 0.22 (0.14~0.35) <0.001 0.21 (0.15~0.31) <0.001
PD-L I (positive: negative) 0.79 (0.64~0.97) 0.027 1.77 (1.10~2.88) 0.084
HHLAZ2 expression (high: low) 1.47 (1.19~1.81) <0.001 2.80 (1.77~4.44) <0.001

Abbreviations: HCC, hepatocellular carcinoma; HHLA2, human endogenous retrovirus H long terminal repeat-associating 2; HBsAg, hepatitis B virus antigen; AFP, alpha

fetoprotein; CNLC, China liver cancer staging; PD-LI, programmed death ligand-I; TILs, tumor infiltrating lymphocytes.

We further explored the expression and clinical signifi-
cance of HHLA2 in HCC. HHLA2 was expressed mainly in
the cell membrane and cytoplasm of HCC tissues, with little
nuclear expression, and HHLA?2 showed little heterogeneity
within the tumor. Of the 202 HCC tissues that we examined,
51% showed high HHLA?2 expression, more than the 32.7%
that showed PD-L1 expression. The high rate of high
HHLA2 expression is consistent with the results of other
studies,'"'%4*> indicating that HHLA2 may be a target for
immunotherapy. We found that high HHLA2 expression
positively correlated with more advanced clinical cancer
stage, multiple tumors, poorly differentiated tumors, micro-
vascular invasion and hepatic capsule invasion. These results
suggest that HCC involving high HHLA2 expression is more
aggressive and metastatic, which in turn affects prognosis.
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Correlations between TIL density and HHLA2 expres-
sion vary among different cancers. HHLA2 expression
independently correlates with high TIL density in non-
small cell lung cancer and renal cell carcinoma,'’*’ but
not in osteosarcoma.'® In lung cancer, HHLA2 expression
significantly correlates with EGFR mutations, TIL density,
and PD-L1 status, suggesting that HHLA2 may be an
effective immunotherapy target in PD-L1-negative
patients.'”! In one study, an HHLA2-IG fusion protein
did not interact with PD-L1, even though HHLA2 and PD-
L1 are both members of the B7 family and both can inhibit
the activity of T cells."> Another study showed no correla-
tion between HHLA2 and PD-L1 levels. In contrast,
a study of renal cell carcinoma found that patients expres-

sing both HHLA?2 and PD-L1 had the highest risk of tumor

1.0
«7 HHLA2-high TILs+
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Figure 5 Kaplan-Meier survival curves showing DFS and OS of patients with HCC according tumor microenvironment based on HHLA2 expression and density of TlLs.
Patients with type | HCC (HHLA2 - high TILs +) or type IV HCC (HHLAZ2 - low TILs +) showed significantly better DFS and OS.
Abbreviations: HCC, hepatocellular carcinoma; HHLA2, human endogenous retrovirus H long terminal repeat-associating 2; TlLs, tumor-infiltrating lymphocytes; OS,

overall survival; DFS, disease-free survival.
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recurrence and death, and the risk correlated significantly
with high TIL density.*’ In our study of HCC, HHLA2
expression correlated significantly with TIL density, and
patients with a high TIL density had better prognosis,
consistent with the results of another study.”> We found
that higher TIL density weakened the influence of high
HHLA2 expression on prognosis. This may be because
when there are few immune cells in the tumor microenvir-
onment, HHLA2 is involved in immunosuppression and
promotes tumor progression, supporting the idea that
HHLA2 may be an immunotherapy target.

Studies have shown that high HHLA2 expression in
malignant tumors may be an important prognostic indica-
tor. Our study also showed that HCC patients with high
HHLA2 expression were at higher risk of postoperative
recurrence and poor clinical outcome. Our results and past
studies suggest that HHLA2 is an important indicator of
HCC recurrence, metastasis and poor prognosis. Indeed,
univariate and multivariate analyses confirmed that high
HHLA2 expression in HCC can significantly influence
prognosis.

In a variety of malignant tumors, the combination of TIL
density and PD-L1 expression in the tumor microenviron-
ment can predict the efficacy of immunotherapy and guide
the treatment of PD-1/PD-L1 inhibitors. The tumor micro-
environment in most of our patients belonged to type
I (38.1%) or type IV (44.0%), which were associated with
longer OS. These results are consistent with the idea that high
TIL density is associated with better prognosis. Conversely,
we found that poor prognosis was associated with tumor
microenvironments of type II and especially type III, indicat-
ing that high HHLA2 expression can inhibit TILs and gen-
erate immunosuppression. Additionally, it has recently been
reported that HHLA2 engagement recruited its new inhibi-
tory receptor KIR3DL3 to the immunological synapse and
coinhibited CD8+ T and NK cell function and killing, pro-
tecting HHLA2+ tumor cells from immune attack.”>>* In
summary, these results suggest that immunotherapy may be
more suitable for HCC patients. These results also support
the idea that HHLA?2 expression can affect the tumor micro-
environment in HCC and thereby influence prognosis.

There are few reports about the role and underlying
molecular mechanisms of HHLA2 in HCC. In this study,
we observed that high HHLA2 expression was associated
with unfavorable prognosis in HCC and correlated with
the TILs infiltration rather than PD-L1 expression. We also
identified potential related-genes and pathways with
HHLA2 in HCC through bioinformatics methods. These

findings might indicate that HHLA2 is a target for HCC
immunotherapy. However, there are some limitations in
this study. First of all, selection bias is inevitable, because
this was a retrospective study. A large prospective study is
needed to verify these results. Second, we have only pre-
liminary explored the correlation between HHLA2 and
TILs, lack of immune cell subsets analysis for TILs.
Third,
HHLA2 have not been investigated in our study and

specific molecular mechanisms involved in

further research is required to be performed.

Conclusion

Our findings indicate that high HHLA2 expression can
independently predict worse prognosis in hepatocellular
carcinoma. HHLA2 may influence immune responses
within the tumor microenvironment and thereby affect
prognosis. These results may help guide immunotherapy
of hepatocellular carcinoma.
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