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Background: Human endogenous retrovirus-H long terminal repeat-associating protein 2 
(HHLA2) is a member of the B7 family; however, little is known regarding its expression 
and clinical relevance in hepatocellular carcinoma (HCC).
Methods: To better characterize HHLA2 expression in HCC, we analyzed its expression by 
in situ staining and further investigated its correlation with immune infiltration and patient 
prognosis.
Results: HHLA2 was primarily expressed in the peri-tumor region of HCC tissues and co- 
localized with CD68+ monocytes/macrophages. In vitro analysis and multi- 
immunofluorescence staining showed up-regulated HHLA2 expression in tumor-activated 
monocytes/macrophages, and HHLA2+ monocytes/macrophages expressed high levels of 
HLA-DR in HCC tissue. A correlation analysis showed that samples displaying high 
HHLA2 expression in the peri-tumor region had significant tumor infiltration of CD204+ 

and CD11b+ cells, and low expression of genes associated with an anti-tumor immune 
response. The high level of peri-tumoral HHLA2 expression was associated with a poor 
patient overall survival (OS; P = 0.008). A multivariate analysis revealed that HHLA2 
expression in the peri-tumor region was an independent prognostic factor for OS (hazard 
ratio = 1.872, p = 0.003). Moreover, the expression of HHLA2 was negatively correlated 
with PD-L1, and patients exhibiting HHLA2 and programmed cell death-ligand 1(PD-L1) 
co-expression had the shortest survival time.
Conclusion: HHLA2 expression represented an immunosuppressive microenvironment in 
HCC, and may serve as a potential target for immunotherapy.
Keywords: HHLA2, monocytes/macrophages, HCC, prognosis

Introduction
Hepatocellular carcinoma (HCC) is among the most prevalent tumors, and is 
associated with increasing mortality worldwide.1,2 Due to the lack of biological 
indicators in the early stages, most HCC patients are diagnosed as middle-advanced 
at the time of treatment. Although surgical intervention represents the most effec-
tive therapy for HCC, overall survival remains poor. Immunotherapy using immune 
checkpoint blockers (ICB) has shown great promise in different types of cancer, 
including HCC; however, the response rate remains limited.3 A central theme in 
cancer treatment is determining methods of improving and widening the clinical 
benefit of ICB therapy.

Immune checkpoints refer to a large number of co-stimulatory and co-inhibitory 
pathways inherent in the immune system that are essential for maintaining self- 
tolerance and regulating the duration and intensity of the physiological immune 
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response of peripheral tissues.4 Under normal circumstances, 
immune checkpoints can respond to infections and protect 
the body from damage; however, immune checkpoint expres-
sion often leads to an imbalance of anti-tumor immune 
function in malignant tumors, thereby promoting tumor 
growth.5,6 Members of the B7-CD28 pathways represent 
the most widely studied immune checkpoint molecules, 
which can be divided into three groups according to the 
following phylogenetic tree: 1) CD80/CD86/CD28/cytotoxic 
T-lymphocyte associated protein 4 (CTLA4), which primar-
ily regulates central immune tolerance and is critical for 
regulating the early stages of T cell responses; 2) PD-L1 
/programmed cell death-ligand 2 (PD-L2)/ programmed 
cell death protein 1 (PD-1); and 3) B7-H3/B7-H4/HHLA2/ 
CD28H. The last two groups of molecules mainly regulate 
peripheral immunity and lead to immune tolerance in the 
tumor microenvironment by inhibiting T cell proliferation 
and function.6 Currently, the majority of immune checkpoint 
blockers have been targeted towards CTLA4 and PD-1/PD- 
L1.7

Human endogenous retrovirus-H long terminal 
repeat-associating protein 2 (HHLA2, also known as 
B7-H7), named due to the presence of polyadenylated 
repeating at the long end of the 3ʹ-untranslated region 
sequence, and is analogous to B7-H3 and B7-H4.8,9 In 
normal tissues, HHLA2 is expressed in the trophoblast 
cells of placenta, as well as the epithelial cells of the 
intestine, kidney, gallbladder, and breast.10 While 
human monocytes and B cells can also express 
HHLA2 when induced by lipopolysaccharide (LPS) or 
Interferon gamma (IFN-γ) inflammation, the function 
of HHLA2 on T cells remains controversial.11–14 

HHLA2 has been reported to be expressed on tumor 
cells of various cancers, including human pancreatic 
ductal adenocarcinoma, intrahepatic cholangiocarci-
noma, and clear cell renal cell carcinoma.10,15–19 The 
high level of HHLA2 expression is correlated with 
increased tumor size and advanced TNM stage, indicat-
ing its essential role in tumor development. HHLA2 
expression on tumor infiltrating-immune cells has not 
yet been reported, and its role in the tumor immune 
microenvironment of HCC is not completely 
understood.

In this study, we examined the level of HHLA2 expres-
sion in HCC tissues, and found that HHLA2 was primarily 
expressed on stromal cells and co-localized with CD68+ 

monocytes/macrophages. High HHLA2 expression was 
associated with an immunosuppressive microenvironment, 

and correlated with worse clinical outcomes of HCC 
patients. In addition, the pattern of HHLA2 and PD-L1 
expression was further explored.

Materials and Methods
Patients
A total of 205 HCC patients who had received a tumor 
resection at the Sun Yat-sen University Cancer Center 
between 2006 and 2010 were enrolled in this study.20,21 

The inclusion criteria were as follows: no concurrent auto-
immune disease, human immunodeficiency virus (HIV), or 
syphilis, as well as an absence of anticancer therapy or 
distant metastasis before surgery. All patients underwent 
an HCC curative resection with the following intra- 
operative aims: At least 1 cm in a resection margin, all 
tumor nodules were completely resected, and the cut sur-
face free of tumor left (based on histological examination). 
Intra-operative ultrasound and post-surgical contrast- 
enhanced computed tomography were applied to ensure 
that the HCC was completely removed. Relapse-free sur-
vival (RFS) was defined as the interval between surgery 
and the first of recurrence or death, or between surgery and 
the final observation for patients without recurrence. 
Overall survival (OS) was defined as the interval between 
surgery and death or between surgery and the last observa-
tion for surviving patients.

All samples were anonymously coded in accordance 
with local ethical guidelines (in accordance with the 
Declaration of Helsinki). Written informed consent was 
obtained and the study protocol was approved by the 
Review Board of Sun Yat-sen University Cancer Center, 
Guangzhou, China.

Antibodies
The following primary antibodies were used in this study: 
mouse anti-human CD68 monoclonal antibody (Dako, 
Carpinteria, CA, USA), rabbit anti-human PD-L1 mono-
clonal antibody (Cell Signaling Technology, Danvers, MA, 
USA), rabbit anti-human HHLA2 polyclonal antibody 
(Cell Signaling Technology, Danvers, MA, USA), rabbit 
anti-human CD11b monoclonal antibody (Abcam, 
Cambridge, MA, USA), mouse anti-human CD204 mono-
clonal antibody (Transgenic, Kumamoto, Japan), mouse 
anti-human CD163 monoclonal antibody (ZSBio, 
Beijing, China), and mouse anti-human CD15 monoclonal 
antibody (ZSBio, Beijing, China).
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Immunohistochemistry (IHC)
Formalin-fixed, paraffin-embedded hepatocellular carci-
noma tissues were sliced into 4-μm thick sections to be 
stained for IHC. The sections were dewaxed in xylene and 
rehydrated through a decreasing gradient of ethanol. The 
sections were placed in 0.3% H2O2 for 10 min at room 
temperature to reduce endogenous peroxidase activity. 
Heat-mediated retrieval was used for antigen retrieval. 
The slides were incubated with different primary antibo-
dies and incubated overnight at 4°C. Detection was per-
formed using an Envision Detection Systems 
(DakoCytomation, Carpinteria, CA, USA) in accordance 
with the manufacturer’s instructions. The sections were 
then counterstained with hematoxylin. Images were cap-
tured using an Eclipse advanced research microscope 
(Nikon, Melville, NY, USA).

Multiplex Staining
Tyramide signal amplification (TSA) Plus Fluorescence 
Kits (PerkinElmer, Foster City, CA, USA) combined 
with IHC (TSA-IHC) were used for multiplex immuno-
fluorescence staining.20 Briefly, different primary antibo-
dies were sequentially applied, followed by an incubation 
with horseradish peroxidase-conjugated secondary anti-
body and tyramine signal amplification. Nuclei were 
stained with 4′-6′-diamidino-2-phenylindole (DAPI, 
Thermo Scientific, Waltham, Massachusetts, USA) after 
labelling of all the human antigens. For the colocalization 
analysis, images were acquired with a laser confocal 
microscope (Olympus, Essex, UK) and analyzed with 
FV10-ASW Viewer software (Olympus, Essex, UK).

Isolation of Mononuclear Cells from the 
Peripheral Blood
Ficoll density gradient centrifugation was applied to iso-
late peripheral blood mononuclear cells (PBMCs). CD14+ 

monocytes were isolated using magnetic beads (Miltenyi 
Biotec, Auburn, CA, USA) in accordance with the manu-
facturer’s protocol. Monocytes in Dulbecco’s Modified 
Eagle Medium (DMEM) (Thermo Scientific, Waltham, 
Massachusetts, USA) alone were plated at a density of 5 
× 106/well in 24-well plates for 0.5 h, and then cultured in 
DMEM containing 10% human AB serum for 24 h. The 
monocytes in DMEM containing AB serum were cultured 
in the presence of 10% tumor culture supernatants (TSN) 
or medium alone for 2 h to 7 days.

Cell Line and Preparation of TSN
SK-Hep-1 cell lines were obtained from American Type 
Culture Collection, and were tested for mycoplasma con-
tamination using single-step polymerase chain reaction 
(PCR). The cells were maintained in DMEM supplemen-
ted with 10% FBS.

TSN were prepared as previously described.22 Briefly, 
the cells were cultured in DMEM supplemented with 10% 
Fetal Bovine Serum (FBS), 100 U/mL penicillin (Sigma- 
Aldrich, Burlington, MA, USA), and 100 µg/mL strepto-
mycin (Sigma-Aldrich, Burlington, MA, USA) in 
a humidified 5% CO2 incubator at 37°C. TSNs were pre-
pared by plating 5×106 tumor cells in 10 mL complete 
medium in 10 cm dishes for 24 h, after which the medium 
was exchanged with DMEM supplemented with 10% AB 
serum. The cells were cultured for 48 h under these con-
ditions, and the supernatants was collected, centrifuged, 
and stored in aliquots at −80°C.

Flow Cytometry
Monocytes were detached with 4 mM EDTA for 1 h, 
washed, and resuspended in phosphate buffered saline 
(PBS) supplemented with 1% heat-inactivated fetal bovine 
serum. The monocytes were then stained with fluoro-
chrome-conjugated mAbs for human leukocyte antigen- 
DR isotype (HLA-DR) and CD86 (BD science, 
Erembodegem-Dorp, Belgium) or control Abs. Data was 
acquired on a Cytoflex cytometer (Beckman Coulter, 
Kraemer Boulevard Brea, CA, USA) and analyzed using 
FlowJo 10.3 software.

Enzyme-Linked Immunosorbent Assay 
(ELISA)
The concentration of interleukin 6 (IL-6) and tumor necro-
sis factor alpha (TNF-α) was detected by an ELISA kits in 
accordance with the manufacturers’ instructions 
(Biolegend, San Diego, CA, USA).

Microarray Assay and Data Analysis
A total of 10 RNA samples with different in situ HHLA2 
staining were subjected to a microarray data study and was 
analyzed using R software (version 3.5.0).20 Genes with 
a fold-change (FC) > 2 and all adjusted P-values < 0.05 
were considered to be statistically significant to acquire 
differentially expressed genes (DEGs).
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Statistical Analysis
The correlation analyses were performed using a χ2 test, and 
survival analysis was performed using the Kaplan-Meier 
method to calculate the survival curves of RFS and OS, 
and compared via a Log rank test. Univariate and multi-
variate analyses were carried out using the Cox proportional 
hazard model. All statistical analyses were performed using 
SPSS V26.0 software (Chicago, IL, USA) and GraphPad 
Prism 8 software (La Jolla, California, USA). A P < 0.05 
was considered to be significant.

Results
HHLA2 Expression in HCC Tissue
To detect the pattern of HHLA2 expression in the HCC 
tumor tissues, 205 samples from patients with HCC who 
received a curative resection were examined. Among these 
patients, the majority were male (184/205, 89.3%), 92.2% 
(189/205) were positive for HBV infection, 50.7% (104/ 
205) had a large tumor size (> 5 cm in diameter), 67.3% 
(138/205) had a single tumor, and 17.6% (36/205) were 
observed for vascular invasion. According to the TNM 
staging system (7th Edition), 61.5% (126/205) patients 
were defined as stages I and II. In addition, the histological 
grade of tumor differentiation was defined as I and II (116/ 
205, 56.6%), as well as III and IV (89/205, 43.4%) accord-
ing to the Edmondson grading system. The clinicopatho-
logical characteristics are summarized in Table 1.

HHLA2 staining was performed using IHC, and mem-
branous HHLA2 expression was detected (Figure 1A). 
Positive membranous HHLA2 staining was primarily 
located on stromal cells. Of the 205 samples that were 
examined, positive HHLA2 staining was enriched in the 
peri-tumoral region of HCC tissues, compared with that in 
the non-tumor and tumor regions (Figure 1B). To identify 
the HHLA2-positive immune cell types, we performed 
immunofluorescence colocalization studies. As shown in 
Figure 1C, the majority of HHLA2-expressing cells were 
CD68+ monocytes/macrophages (Mos/Mφs). No localiza-
tion with CD3+ or CD20+ cells was observed. Collectively, 
these data suggest that HHLA2-expressing cells enriched 
in the peri-tumor region and were primarily Mos/Mφs.

Tumor-Activated Monocytes Upregulated 
HHLA2 Expression
To confirm the level of HHLA2 expression on Mos/Mφs, 
monocytes isolated from healthy donors were examined. 
As shown in Figure 2A, under normal culture conditions, 

the level of HHLA2 transcription on Mo/Mφ was barely 
detectable; however, exposure to 10% TSNs from hepa-
toma (SK) cells induced rapid HHLA2 expression, peak-
ing within 8 h, and then rapidly declined. We also 
examined the activation status of TSN-exposed mono-
cytes. Consistent with our previous reports, the level of 
HLA-DR and CD86 expression was significantly up- 
regulated on monocytes following exposure to TSNs 
from SK cells for 24 h, but was reduced on day 7 
(Figure 2B).22,23 The accumulation of TNF-α and IL-6 

Table 1 Patients’ Characteristics

Variable No. of Patients (%)

No. of patients 205 (100)

Age: median [range], y 50 [21–78]

Gender

Male 184 (89.3)
Female 21 (10.7)

HBsAg
Negative 16 (7.8)

Positive 189 (92.2)

Cirrhosis

Negative 46 (22.4)

Positive 159 (77.6)

ALT (U/L)

< 37 88 (42.9)
≥37 117 (57.1)

AFP (ng/mL)
≤25 65 (31.7)

> 25 140 (68.3)

Tumor size (cm)

> 5 104 (50.7)

≤5 101 (49.3)

Tumor number

Single 138 (67.3)
Multiple 67 (32.7)

Vascular invasion
Absent 169 (82.4)

Present 36 (17.6)

TNM stage

I+II 126 (61.5)

III+IV 79 (38.5)

Tumor differentiation

I–II 116 (56.6)
III–IV 89 (43.3)
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Figure 1 HHLA2 expression in HCC tissues. (A) Representative images of HHLA2 by IHC stating in HCC tissue (scale bar: 50 μm). Arrows indicate representative 
HHLA2+ cells. (B) Graphs show the number of HHLA2+ cells in different regions of HCC tissue. ****P < 0.0001. (C) Multiplex immunofluorescence staining of HHLA2 with 
CD68, CD3, or CD20 in HCC tissue (scale bar: 50 μm). HHLA2 staining is shown in green. CD68, CD3 or CD20 staining is shown in red. DAPI staining is shown in blue.
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was also found in the culture media of TSN-exposed 
monocytes for 24 h as determined by an ELISA 
(Figure 2C). These results indicate that tumor-activated 
monocytes upregulated HHLA2 expression.

Immunofluorescence staining of HHLA2, CD68, and 
HLA-DR was performed on HCC tissue sections.23 As 
shown in Figure 2D, HHLA2+CD68+ cells expressed 
HLA-DR in the peri-tumor region of HCC. Statistics 
showed that 22.5% of CD68+ Mo/Mφ were positive for 
HHLA2, and 71.1% of these HHLA2+ Mos/Mφs were 
HLA-DR-positive (Figure 2E). Taken together, these data 
suggest that HHLA2-expressing Mos/Mφs exhibited an 
activated state in HCC tissues.

HHLA2 Expression is Correlated with 
Disease Progression in HCC Patients
To explore the impact of the HHLA2 expression on dis-
ease progression in patients with HCC, we investigated the 

correlation between the HHLA2 expression and patient 
survival time. We divided the patients into two groups 
according to their HHLA2 expression in the peri-tumor 
region using the ROC curve. No significant correlation 
was identified between the level of HHLA2 expression 
and the patients’ clinical characteristics (Table 2). The 
Kaplan-Meier survival analysis revealed a significant asso-
ciation between the presence of HHLA2-expressing cells 
and the patients’ OS in the peri-tumor area (P = 0.008; 
Figure 3A). The multivariate analysis revealed that 
HHLA2 expression in the peri-tumor area was an indepen-
dent prognostic factor for OS (HR =1.872, 95% CI = 
1.236–2.835; P = 0.003) (Table 3). These results reveal 
that the level of HHLA2 expression in the peri-tumor 
region negatively correlated with the prognosis of HCC 
patients. To further verify the prognostic role of HHLA2, 
we performed survival analysis in patients stratified by 
clinical features. As shown in Figure 3B and C, peri- 

C

D E

A B

Figure 2 HHLA2 expression was associated with an activated state of monocytes and macrophages. (A) Monocytes were left untreated or cultured with SK supernatant for 
the indicated time points, after which the transcription levels of HHLA2 were determined by qPCR. (B and C) Monocytes were left untreated or cultured with SK 
supernatant for one or seven days. The levels of HLA-DR, CD86, IL-6, and TNF-α were determined by flow cytometry or an ELISA. (D) Multiplex immunofluorescence 
staining of HHLA2, CD68, and HLA-DR in HCC tissue (scale bar, 50 μm). HHLA2 staining is shown in green, CD68 staining is shown in red, HLA-DR staining is shown in 
white, and DAPI staining is shown in blue. (E) Manual enumeration was applied to calculate the number of CD68-, HHLA2-, and HLA-DR-positive cells, respectively. Pie 
charts show the percentage of the indicated cell populations.
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tumoral HHLA2 was also associated OS in patients with 
small tumor, and patients with early stage of HCC. These 
results suggested that HHLA2 expression in the peri-tumor 
area could influence patients’ survival independent of 
common clinical characteristics.

Peri-Tumoral HHLA2 Expression is 
Associated with an Immune Inhibitory 
State in HCC Tumors
Given that HHLA2 is an immune checkpoint molecule, we 
examined the relationship between HHLA2 expression and 
tumor-infiltrating immune cells. As shown in Figure 4A, 
high HHLA2 expression in the peri-tumor region was 
strongly correlated with an increased density of CD204+ 

and CD11b+ myeloid cells in the tumor regions. No 

significant correlation was observed between HHLA2 
expression and the density of CD163+ or CD15+ cells.

To further characterize the relation between HHLA2 
expression and local immune state, we analyzed the gene 
expression microarray data of 10 tumor samples with 
different in situ HHLA2 expression. The cut-off value 
for low and high HHLA2 expression in the peri-tumoral 
region was consistent with the results of the survival 
analysis. We compared peri-tumoral HHLA2 expression 
with immune-related genes to acquire differentially 
expressed genes.24 A total of 28 immune-related genes 
with the most significant expression were displayed 
(Figure 4B). The heatmap showed that the patients with 
high HHLA2 expression had lower CD3, CD4, neural cell 
adhesion molecule 1 (NCAM1, also called CD56), 
Granzyme B (GZMB), as well as higher T cell Ig and 
ITIM domain (TIGIT), CTLA4, and CD19 gene expres-
sion, indicating a potential immune inhibitory response in 
the tumor. Taken together, these data suggest that a high 
level of peri-tumoral HHLA2 expression is correlated with 
an inhibitory immune state in the HCC tumor nest.

Impact of the PD-L1 and HHLA2 
Expression Pattern on the Disease 
Progression of HCC Patients
Immune regulatory factors within the tumor microenviron-
ment could induce both PD-L1 and HHLA2 
expression.12,25 Therefore, we further analyzed the expres-
sion patterns of PD-L1 and HHLA2 in HCC tissues. As 
shown in Figure 4B, high CD274 gene expression (encod-
ing PD-L1) was observed in tissues expressing low levels 
of HHLA2. Moreover, we performed in situ staining of 
PD-L1 in the peri-tumor region of HCC tissues 
(Figure 5A). The results showed that HHLA2 expression 
was negatively correlated with PD-L1 (Figure 5B), indi-
cating the differential HHLA2 and PD-L1 expression pat-
terns in HCC tissues.

We also examined immune cell infiltration and the 
impact of HHLA2/PD-L1 expression patterns on disease 
progression in HCC. Patients were divided into the 
following four groups based on the level of HHLA2 
and PD-L1 expression in the peri-tumoral region: 1) 
low HHLA2 and PD-L1 expression (pattern 1: 
HHLA2Lo-PD-L1Lo); 2) high HHLA2 expression only 
(pattern 2: HHLA2Hi-PD-L1Lo); 3) high PD-L1 expres-
sion only (pattern 3: HHLA2Lo-PD-L1Hi); and 4) high 
HHLA2 and PD-L1 expression (pattern 4: HHLA2Hi-PD 

Table 2 The Association of HHLA2 Expression with 
Clinicopathological Characteristics

Variable HHLA2

Low 
(Cases)

High 
(Cases)

p

Age (years) ≤50 70 39 0.398
> 50 67 29

Gender Male 123 61 0.981
Female 14 7

HBsAg Negtive 10 5 0.989
Positive 127 63

Cirrhosis Absdent 33 13 0.422
Present 104 55

ALT (U/L) < 37 56 32 0.4
≥37 81 36

AFP (ng/mL) ≤25 45 20 0.619
> 25 92 48

Tumor size (cm) ≤5 69 32 0.656
> 5 68 36

Tumor number Single 91 47 0.699
Multiple 46 21

Vascular invasion Absent 110 59 0.251
Present 27 9

TNM stage I+II 85 41 0.809
III+IV 52 27

Tumor 

differentiation

I+II 78 38 0.886
III+IV 59 30

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; HBsAg, 
hepatitis B surface antigen; TNM, tumor-lymph node metastasis.
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-L1Hi). CD163+ and CD204+ cells accumulated in tumor 
tissues with high HHLA2 and PD-L1 expression 
(Figure 5C). The Kaplan-Meier survival analysis 
showed that patients exhibiting high HHLA2 and PD- 

L1 expression in the peri-tumor region displayed the 
worst clinical outcomes (Figure 5D). Taken together, 
these results reveal different HHLA2 and PD-L1 expres-
sion patterns in HCC, and high HHLA2 and PD-L1 
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expression could identify the patients with the worst 
survival.

Discussion
The present study explored the level of protein expression 
and clinical significance of B7 the family member, 
HHLA2, in human HCC. We found HHLA2 was 
expressed primarily on Mos/Mφs enriched in the peri- 
tumoral region. A high level of HHLA2 expression was 
negatively correlated with prognosis in HCC patients, and 
indicated an immune inhibitory state in the tumor nest. In 
addition, patients with high HHLA2 and PD-L1 expression 
in the peri-tumor region displayed worst clinical outcomes.

HHLA2 expression has been reported to be expressed 
in various cancers. For example, in triple-negative breast 
cancer, Janakiram et al found that patients with high 
HHLA2 expression have higher lymph node metastasis 
and later clinical stages.10 However, there remain some 
controversial reports about the relationship between 
HHLA2 expression and the prognosis of HCC. Masataka 
et al found that the level of HHLA2 mRNA transcription 
in the peripheral blood of gastric cancer patients was 
significantly lower than that of normal people. Patients 
with low HHLA2 mRNA expression in the peripheral 
blood tend to have a later clinical stage and shorter five- 
year survival period, which suggests that low HHLA2 
expression represents a poor prognosis in gastric 
cancer.26 In contrast, the study by Wei et al found that 
HHLA2 mRNA and protein expression was significantly 

increased in gastric cancer tissues, which tended to be 
correlated with a later clinical stage and shorter OS time, 
indicating that high HHLA2 expression indicates a poor 
patient prognosis.27 The contradictory results of these stu-
dies may be caused by a weak correlation between 
HHLA2 mRNA expression in the peripheral blood and 
in situ protein expression in the tumor. To date, the level 
of HHLA2 expression in HCC tissues and associated clin-
ical significance has not been reported. Therefore, in this 
study, we performed IHC on tumor tissues isolated from 
205 HCC patients and found that HHLA2 expression was 
primarily detected on stromal cells in the peri-tumor area 
of HCC tumors, and was negatively correlated with 
patients’ prognosis. Further analysis in patients stratified 
by clinical features showed that, peri-tumoral HHLA2 was 
also associated OS in patients with small tumor, and 
patients with early stage of HCC. These results suggested 
that HHLA2 expression in the peri-tumor area could influ-
ence patients’ survival independent of common clinical 
characteristics.

The relationship between HHLA2 expression and 
immune cell infiltration has been reported in various can-
cers. Most studies have focused on lymphocytes and found 
negative correlations between HHLA2 expression and 
T cell infiltration (eg, cholangiocarcinoma, colorectal car-
cinoma, and clear cell renal carcinoma).17,19,28,29 

However, some research has also reported a positive asso-
ciation between HHLA2 expression with high TIL density 
(eg, lung cancer).30 In our study, we found that the 

Table 3 Univariate and Multivariate Analysis of Factors Associated with Patients’ Overall Survival

Variables Univariate Multivariate

HR 95% CI pa HR 95% CI pa

Age,yr (≤50/> 50) 0.981 0.660–1.459 0.925

Gender (male/female) 1.285 0.716–2.304 0.401
HBsAg (positive/negative) 0.966 0.448–2.085 0.930

Cirrhosis (present/absent) 1.264 0.740–2.160 0.391

ALT, U/L (≥37/< 37) 1.546 1.019–2.344 0.040 1.576 1.026–2.421 0.038
AFP, ng/mL (> 25/≤25) 1.735 1.093–2.751 0.019 na

Tumor size, cm (> 5/≤5) 1.179 0.748–1.8529 0.478

Tumor number (multiple/single) 1.648 1.105–2.457 0.014 na
Vascular invasion (present/absent) 4.849 3.054–7.697 <0.001 3.451 2.068–5.760 <0.001

TNM stage (III+IV/I+II) 2.725 1.829–4.060 <0.001 1.978 1.272–3.076 0.002

Differentiation (III+IV/I+II) 1.089 0.731–1.622 0.646
HHLA2 (high/low) 1.677 1.117–2.518 0.013 1.872 1.236–2.835 0.003

Notes: Cox proportional hazards regression model; variables that were associated with overall survival in the univariate analysis were adopted as covariates in the 
multivariate analysis and were entered into the equation using the forward likelihood ratio method. aA Italic values indicate significance of p value (p < 0.05). 
Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; HBsAg, hepatitis B surface antigen; TNM, tumor-lymph node metastasis; CI, confidence interval; na, 
not applicable.
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presence of HHLA2 was associated with high densities of 
CD204+ and CD11b+ cellular infiltrations in HCC tumors. 
The high densities of these myeloid cell infiltrates often 
lead to tumor progression,21,31 and thus, might explain the 
negative influence of HHLA2 expression on the survival 
of HCC patients.

Previous studies have reported that the function of HHLA2 
interacts with T cells; however, the role of HHLA2 in activat-
ing T cells remains controversial. The study by Zhao et al 
demonstrated that HHLA2 could inhibit human CD4+ and 
CD8+ T cell functionality through an unknown receptor 
located on the T cell membrane.11 Zhu et al reported that 
HHLA2 could co-stimulate human T-cell growth and cytokine 
production through interacting with CD28H.12 Moreover, 
Rieder et al discovered that HHLA2 was insufficient to eval-
uate the proliferation and cytokine production of T cells sti-
mulated with OKT3 (the anti-CD3 monoclonal antibody), 
which may result from the differential effects of various α- 
CD3 clones on T cell function.13 Recent studies demonstrated 
inhibitory effects of HHLA2 on T cells and NK cells, when 
interacts with the inhibitory receptor KIRR3DL3,14 suggesting 
HHLA2 as a potential immunotherapeutic target for cancer. In 
this study, we focused on the in situ distribution of HHLA2 in 
HCC tissue, and identified a high expression of HHLA2 on 
activated monocytes/macrophages in the peri-tumor region of 
HCC. The high expression of peri-tumoral HHLA2 correlated 
with an inhibitory immune state in the HCC tumor nest, and 
poor clinical outcomes of patients, indicating an immunosup-
pressive role of HHLA2 in HCC. Further understanding of the 
precise mechanism that HHLA2 modulates anti-tumor immu-
nity in HCC deserves future investigation, such as the expres-
sion of its receptors during tumor progression.

Previous studies in lung cancer have reported that 
positive HHLA2 and PD-L1 expression were both rela-
tively low; however, patients with negative expression of 
PD-L1 exhibited high HHLA2 expression.32 Consistently, 
we found that the level of HHLA2 expression was nega-
tively correlated with PD-L1 in the peri-tumor region of 
HCC, indicating their expression might be differently 
regulated in the tissue. Despite the different expression 
patterns, high HHLA2 expression also indicated 
a suppressive tumor microenvironment. These results sug-
gest that targeting HHLA2 may serve as a potential com-
plement for anti-PD-L1 therapy. In conclusion, this study 
furthers our understanding of the expression and clinical 
relevance of the immune checkpoint family. Therefore, 
HHLA2 may serve as a potential target for tumor 
immunotherapy.
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