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 Background: Several risk factors contribute to the inflammation promoting hepatocellular carcinoma (HCC) development, 
but the underlying mechanisms are unknown. Human endogenous retrovirus H long terminal repeat-associ-
ating 2 (HHLA2), a B7 family member, is highly expressed in various malignant tumor tissues and is related to 
tumor progression and metastasis.

 Material/Methods: Bioinformatics analysis was used to analyze the gene expression chip GSE33006 of HCC tissue in the GEO da-
tabase, draw a heat map of differentially expressed genes, and analyze the GO pathway of gene function an-
notation. Then, we compared HCC tissues with para-carcinoma liver tissues from 55 patients for expression 
patterns and associations with HHLA2. Effects of HHLA2 knockdown were examined in the human HCC cell 
line HepG2 to explore effects of HHLA2 on HepG2 cells.

 Results: A significantly higher expression of HHLA2 at the mRNA and protein levels was detected in HCC tissues than in 
para-carcinoma liver tissues, which was similar to HHLA2 expression in the GSE33006 data. A higher expres-
sion of HHLA2 protein was associated with advanced cancer stage, tumor differentiation, and invasion of ad-
jacent structures. In vitro knockdown of HHLA2 expression significantly increased HepG2 cell adhesion, pro-
moted cell apoptosis, induced cell cycle arrest in the G1/S phase, and inhibited cell proliferation, migration, 
and invasion.

 Conclusions: Our data indicated there was a higher expression of HHLA2 in HCC tissues than in para-carcinoma liver tis-
sues, and HHLA2 plays a major role in the development and progression of HCC. Owing to its higher expres-
sion, HHLA2 is a potential prognostic biomarker for HCC.
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Background

Hepatocellular carcinoma (HCC) accounts for 85% to 90% of pri-
mary liver cancer cases. Globally, there are 841 080 new cases 
annually, and the incidence of HCC continues to increase [1,2]. 
The major pathogenic factors for HCC include hepatitis B or hep-
atitis C virus infection, intake of aflatoxin, alcohol abuse, non-al-
coholic fatty liver disease, obesity, and type II diabetes. Most of 
these conditions are known to cause chronic inflammation in the 
liver, which contributes to the development of more than 90% 
of HCC cases [3]. Understanding the mechanism of inflamma-
tion-induced HCC is necessary for its treatment and prevention.

The human endogenous retrovirus H long terminal repeat-as-
sociating 2 (HHLA2) protein is a member of the B7 family that 
regulates T cell proliferation and cytokine production [4,5]. 
HHLA2 is widely expressed in breast, lung, bone, and bladder 
cancers as well as in other tumor tissues, and its expression 
level is closely related to patient survival and prognosis [6-9]. 
This suggests that HHLA2 may be involved in the occurrence 
and development of tumors.

In the present study, we examined whether HHLA2 expression 
correlates with HCC pathology and progression. We conduct-
ed in vitro experiments to determine the impact of HHLA2 on 
tumor cell development.

Material and Methods

Data Source

Data on 3 HCC samples and 3 para-carcinoma samples were 
retrieved from the human HCC transcriptional chip GSE33006 
in the Gene Expression Omnibus (GEO) database (https://
www.ncbi.nlm.nih.gov/geo) [10]. All differential gene expres-
sion analyses were performed using R software. The gene on-
tology database (http://geneontology.org/) was used to ana-
lyze functional enrichment in all differentially expressed genes.

Patients and Samples

A total of 55 patients with HCC who were admitted to the 
Guangxi Medical University Cancer Hospital from January 2016 
to June 2018 were included in this study. All patients under-
went surgical resection and were diagnosed with HCC by pa-
thology testing. None of the patients received chemotherapy 
or bio-immunotherapy, and none had autoimmune diseases 
or other organ tumors. All HCC tissues were taken from the 
primary tumor, while avoiding areas of necrosis and inflam-
mation, and para-carcinoma tissues were taken 3 cm to 5 cm 
away from the primary tumor. In addition, liver tissues adja-
cent to the hepatic hemangioma were surgically collected as 

normal liver tissues from 11 patients (3 men), aged 30 to 51 
years. Detailed clinicopathological characteristics of the pa-
tients with HCC are listed in Table 1. All surgical specimens 
were immediately snap-frozen in liquid nitrogen and stored at 
-80°C until protein or RNA extraction. The present study was 
approved by the Ethics Committee of the Guangxi Medical 
University Cancer Hospital, according to the guidelines of the 
1975 Declaration of Helsinki.

HCC Cell Lines

Three HCC cell lines (HepG2, SmMC-7721, Huh-7) and the nor-
mal liver cell line HL-7702 (Shanghai Cell Bank, Chinese Academy 
of Sciences) were used in this study. The cells were cultured in 
Dulbecco’s modified Eagle’s medium (Gibco Life Technologies, 
USA), containing 10% fetal bovine serum (FBS), 10 000 U/mL 
penicillin, and 10 000 U/L streptomycin at 37°C and 5% CO2.

Quantitative Reverse Transcription-polymerase Chain 
Reaction

Total RNA was isolated from snap-frozen tissues and HCC cells 
using Trizol (Life Technologies, UK), and cDNA was produced us-
ing a reverse transcription-polymerase chain reaction (RT-PCR) 
kit (TaKaRa, Japan), according to the manufacturers’ instruc-
tions. Fluorescence quantitative (q)RT-PCR was performed with 
TaKaRa TB Green™ Premix Ex Taq™ II (Tli RNaseH Plus, TaKaRa, 
Japan) on a LightCycler (Roche Diagnostics, USA). The follow-
ing primers were used for PCR:
HHLA2: forward, 5’-GCACCGTCAAGGCTGAGAAC-3’;
reverse, 5’-TGGTGAAGACGCCAGTGGA-3’;
glyceraldehyde-3-phosphate dehydrogenase (GAPDH):
forward, 5’-CTGTCCCAGTGCACCCGATA-3’;
reverse, 5’-TTGCCTGGAATTGTGGTGAA GA-3’.
GAPDH was used as the endogenous reference. The 2–DDCT meth-
od was applied to calculate levels of HHLA2 mRNA relative to 
those of GAPDH mRNA.

Western Blot Analysis

Protein was extracted from tissue and cell lysates using ice-
cold protein lysis buffer, and protein concentration was esti-
mated using a bicinchoninic acid protein assay kit (Beyotime 
Biotechnology, China) according to the manufacturer’s pro-
tocol. After adding sample buffer, proteins were denatured 
in a boiling water bath, centrifuged, separated by SDS-PAGE 
(10% acrylamide/bisacrylamide solution; Solarbio, USA), and 
transferred onto polyvinylidene fluoride transfer membranes 
(Millipore, Billerica, MA, USA). The membranes were blocked 
in 5% dried skimmed milk powder overnight and incubated 
for 2 h at room temperature with a primary antibody against 
HHLA2 (dilution 1: 500; #AB10711, Abcam, UK). The mem-
branes were washed and incubated at room temperature for 
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Characteristic Number of patients
HHLA2 expression

P vaule
c
_
±s

Gender
Male 48 0.910±0.280

0.058
Female 7 0.700±0.133

Age (years)
£55 23 0.940±0.229

0.216
>55 32 0.846±0.299

Smoking
No 35 0.857±0.278

0.348
Yes 20 0.930±0.269

Drinking
No 42 0.860±0.276

0.261
Yes 13 0.956±0.268

BCLC stage

A 33 0.726±0.206

<0.001**B 7 1.006±0.233

C 15 1.137±0.126

Differentiation
High and moderate 34 0.811±0.272

0.008**
Poor 21 1.008±0.237

AFP (ng/ml)
£200 32 0.855±0.246

0.237
>200 23 0.940±0.278

Tumour capsular
No 45 0.889±0.288

0.733
Yes 10 0.856±0.215

Tumor size (cm)
£5 21 0.839±0.280

0.355
>5 34 0.910±0.272

HBV infection
No 16 0.842±0.217

0.481
Yes 39 0.900±0.296

Liver cirrhosis
No 32 0.828±0.308

0.078
Yes 23 0.960±0.201

 Adjacent structures invasion
No 45 0.837±0.274

0.007**
Yes 10 1.090±0.166

PVTT
No 47 0.855±0.277

0.060
Yes 8 1.051±0.197

Lymph node metastasis
No 49 0.875±0.286

0.520
Yes 6 0.952±0.146

Table 1. Summary of the clinicopathological characteristics of patients with hepatocellular carcinoma and HHLA2 protein expression.

BCLC – Barcelona Clinic Liver Cancer; HBV – hepatitis B virus; PVTT – portal vein tumor thrombus; ** P<0.01.
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1 h with goat anti-rabbit IgG (H+L) secondary antibody (dilu-
tion 1: 10 000; Abcam). Membranes were washed again, and 
bands were visualized using the ECL western blotting detection 
system (Thermo Fisher Scientific, USA). Band densities were 
normalized to those of b-tubulin (dilution 1: 500; #AB6046, 
Abcam) or b-actin (dilution 1: 5000, #AB2001, Abways) as load-
ing control. Images were collected using a gel imaging analy-
sis system (Bio-Rad, USA).

Lentiviral Infection

Lentivirus-mediated RNAi technology was used to silence the 
HHLA2 gene in HepG2 cells. The packaging of the plasmid and 
lentivirus was completed by Shanghai Hanyin Biotechnology 
Co., Ltd. (Shanghai, China). HHLA2 was targeted using the 
following short hairpin RNA (shRNA) sequences: shRNA 1, 
5’-GCATATTCCCTTTGGCTTTCT-3’;
shRNA 2, 5’-GCTATAAGGTTCACAGTTACT-3’;
shRNA 3, 5’-GGAGCCCAACAAGAAAGATGT-3’.
HepG2 cells were transfected with plasmids expressing one of 
the HHLA2-targeted shRNAs or a non-targeting control plas-
mid (defined as HepG2-NC). Fluorescence was detected 48 h 
after transfection, and then the cells were collected and eval-
uated for HHLA2 expression using qRT-PCR and western blot-
ting for screening the best silencing efficiency targeted shRNA.

Proliferation and Adhesion Assay

The proliferation and adhesion ability of the HepG2 cells af-
ter HHLA2 knockdown were assessed using the cell counting 
kit-8 (CCK-8; Dojindo Laboratories, Kyushu, Japan), according 
to the manufacturer’s instructions. Briefly, cells of each group 
were plated at 2000 cells/well into a 96-well plate, and 5000 
cells/well into a 96-well plate, pre-covered with human fibro-
nectin (Yeasen, China), were subsequently incubated at 37˚C 
and 5% CO2. At each time point, 10 µL CCK-8 was added into 
the corresponding well and incubated at 37°C for 2 h. The op-
tical density values were measured using a ELX808 microplate 
reader (BioTek, CA, USA) at a wavelength of 450 nm.

Cell apoptosis and Cycle Distribution

Flow cytometry was used to analyze the HepG2 cell cycle 
and cell apoptosis. Cells were treated with trypsin (Gibco Life 
Technologies, USA), plated at 1×104 cells/mL into a 6-well plate 
and incubated at 37°C and 5% CO2, centrifuged at 1000×g for 
5 min, washed with 500 μL binding buffer or with phosphate-
buffered saline (PBS) once, fixed in ice-cold absolute etha-
nol, and stored at 4˚C. The pellets were subsequently collect-
ed, washed twice with PBS and with propidium iodide (BD 
Biosciences, NJ, USA) in the presence of 5 μL Annexin V (BD 
Biosciences, NJ, USA) for 15 min in the dark, or stained RNaseA 
(Sigma-Aldrich, USA) for 30 min in the dark. Cell apoptosis and 

cycle distribution were analyzed by Beckman Gallios flow cy-
tometry (Gallios, USA).

Cell Migration and Matrigel Invasion Assays

For the wound scrape assay, cells of each group were incu-
bated in 6-well plates and small straight-line wounds were 
made in confluent monolayers using a 200-μL pipette tip. Cells 
were washed twice with sterile PBS and incubated at 37°C 
and 5% CO2 for 48 h. Wound images were captured at 0 and 
48 h at 100× magnification using an Olympus inverted mi-
croscope (Olympus, Tokyo, Japan). For the Matrigel-transwell 
migration assay, 1×104/100 µL cells were resuspended in se-
rum-free medium and placed on the membrane of chambers 
(Corning, NY, USA), which was covered with Matrigel (1: 8 di-
lution; BD Biosciences, NJ, USA). The lower chambers con-
tained medium with 10% FBS. Following 24 h of incubation, 
the migrating cells in the lower chamber or the invading cells 
on the bottom of each well were stained with 1% crystal vio-
let (Solarbio, China), followed by fixation in 4% paraformalde-
hyde for 15 min. Next, the number of cells in 3 randomly se-
lected microscopic fields at 200× magnification was counted 
with the Olympus inverted microscope.

Statistical analysis

Statistical analysis was performed using SPSS version 25.0 (IBM, 
Armonk, NY, USA). Data were presented as mean±standard devi-
ation. Differences between groups were assessed using the t test 
or Mann-Whitney U test, based on data distribution. One-way 
analysis of variance (ANOVA) was used when more than 2 groups 
were compared. P<0.05 was considered statistically significant.

Results

HHLA2 Upregulation in HCC Tissue Based on Database 
Analysis

To determine in silico whether HHLA2 may be overexpressed 
in HCC tissue, the GSE33006 data set was screened for dif-
ferentially expressed genes. We found that HHLA2 expression 
was significantly higher in HCC tissues than in para-carcino-
ma tissues (Figure 1A). Gene ontology analysis suggested that 
these differentially expressed genes, including HHLA2, are in-
volved in immune responses, chemokine-mediated signaling, 
and extracellular matrix structure (Figure 1B).

HHLA2 Upregulation in HCC Tissue Based on Analysis of 
Patients at Our Medical Center

Since HHLA2 protein was overexpressed in HCC samples from 
the data set, we wanted to check its expression in our cohort 
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of patients. We retrospectively analyzed HHLA2 expression at 
the mRNA and protein level in 55 human HCC tissues and pa-
ra-carcinoma tissues by qRT-PCR and western blot analysis. 
Eleven normal liver tissues were used as controls. As shown 
in Figure 2A, HHLA2 mRNA expression was significantly higher 
in the HCC tissues (1.628±0.413) than in the para-carcinoma 
tissues (1.080±0.323) and normal liver tissues (1.038±0.286) 
(both P<0.001); there was no significant difference between the 
para-carcinoma tissues and the normal liver tissues (P=0.666).

Similarly, HHLA2 protein levels were significantly higher in 
HCC tissues (0.877±0.271) than in para-carcinoma tissues 
(0.580±0.383) and normal liver tissues (0.375±0.319) (both 
P<0.001) (Figure 2B). No significant difference, however, was 
detected between para-carcinoma tissues and normal liver 
tissues (P=0.054).
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Association of HHLA2 Protein Levels in HCC Tissues with 
Clinicopathology

After verifying the overexpression of the HHLA2 protein in our 
cohort of patients, we further identified relationships between 
HHLA2 expression in HCC tissue and clinicopathological factors 
(Table 1). We found that HHLA2 expression was significantly 
associated with Barcelona Clinic Liver Cancer (BCLC) classifica-
tion stage (P<0.001), tumor differentiation (P=0.008), and tu-
mor invasion of adjacent structures (P=0.007). Moreover, higher 
expression of HHLA2 was positively and significantly associat-
ed with advanced BCLC-C stage and poorly differentiated HCC. 

No significant associations were found with sex, age, smoking, 
drinking, serum alpha-fetoprotein level, tumor capsule, tumor 
size, hepatitis B virus infection, liver cirrhosis, portal vein tu-
mor thrombus, and lymph node metastasis.

In	Vitro	Knockdown	of	HHLA2	in	the	HCC	Cell	Line	HepG2

Data from patients and the GSE33006 data set suggested that 
HHLA2 is important for HCC development and progression. 
After screening multiple HCC cell lines, we found that HepG2 
cells expressed higher levels of HHLA2 mRNA and protein than 
did other cell lines, so we selected HepG2 for subsequent in 

Figure 1.  Bioinformatic analysis of HHLA2 expression in hepatocellular carcinoma. (A) Heat map of genes differentially expressed 
between cancer and normal tissue from the data set GSE33006. (B) Gene ontology analysis of genes from panel A.
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Figure 2.  HHLA2 mRNA and protein are significantly upregulated in hepatocellular carcinoma tissues. Hepatocellular carcinoma (HCC) 
tissue, para-carcinoma tissue, and normal liver tissue were analyzed from patients in our retrospective cohort. (A) HHLA2 
mRNA expression was significantly higher in the HCC tissues than in the para-carcinoma tissues and normal liver tissues 
(both *** P<0.001). (B) Respective cases by western blot showing HHLA2 protein levels in paired samples of HCC tissues 
(C43-C46), para-carcinoma tissues (P43-P46), and normal liver tissues (N1-N8).
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vitro experiments (Figure 3A, 3B). We stably knocked down 
HHLA2 in these cells using lentivirus expressing shRNA, lead-
ing to cells that will be referred to from here on as “HepG2-KD” 
cells (Table 2, Figure 3C). Of the 3 anti-HHLA2 shRNAs that we 
tested, we found shRNA 1 to cause the strongest knockdown 
(P<0.001), so we used that shRNA in subsequent experiments.

There were no significant differences in proliferation between 
HepG2-KD cells and HepG2-NC cells on day 1 or 2 after transfection 
with the lentivirus (Figure 4A). By day 3, HepG2-KD cells showed 
significantly lower proliferation (P=0.018). Knockdown of HHLA2 
also significantly increased cell adhesion (P=0.0017) and apop-
tosis (P<0.001) (Figure 4B-4D). HepG2-KD cells were effectively 

stalled in phases G0/G1 (P<0.01) and S (P<0.05) of the cell cy-
cle, resulting in significantly fewer cells that progressed to phase 
G2/M (P<0.01) (Figure 4E, 4F). Those cells also showed significant-
ly less migration (P<0.05) and invasion (P<0.01) in wound healing 
(Figure 5A, 5B) and transwell migration assays (Figure 5C, 5D).

Discussion

HHLA2 is a co-stimulatory molecule that plays an important role 
in tumor immune escape [11]. It binds to T cell-related receptors 
to inhibit the proliferation of CD4+ and CD8+ T cells, as well as 
the production of cytokines, thereby inhibiting immune surveil-
lance. Inhibiting B7 proteins that act as immune checkpoints, 
principally CTLA-4 and PD-1/PD-L1, may be effective against 
liver cancer [12-14]. Therefore, we considered whether the B7 
protein HHLA2 might be a biomarker and therapeutic target for 
HCC. Analysis of the GSE33006 data set and our own patient 
cohort revealed HHLA2 upregulation in HCC tissues, which was 
associated with advanced disease. HHLA2 knockdown in an HCC 
cell line decreased proliferation and migration, arrested cells in 
the G1/S phase, and increased apoptosis. These results suggest 
that HHLA2 promotes HCC progression and therefore may be a 
useful immunotherapy target against the disease.

Group HHLA2 mRNA expression

HepG2-NC 1.003±0.092

HepG2+shRNA 1 0.300±0.013*

HepG2+shRNA 2 0.997±0.071

HepG2+shRNA 3 0.992±0.028

Table 2. The expression level of HHLA2 mRNA in HepG2 cells.
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Figure 3.  Hepatocellular carcinoma cell line screening. Hepatocellular carcinoma cell lines HepG2, SMMC-7721, and Huh-7 were 
screened for HHLA2 expression. HL-7702 cells were used as normal liver cells. (A) Relative HHLA2 mRNA levels based on qRT-
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Figure 4.  In vitro knockdown of HHLA2 in HepG2 cells. HepG2 cells were transfected with lentivirus expressing HHLA2-targeting 
shRNA 1 (HepG2-KD) or control shRNA (HepG2-NC). (A) Cell proliferation was measured over time using the CCK-8 assay. 
* P<0.05. (B) Cell adhesion was measured as HepG2-KD group (0.400±0.009) compared with HepG2- NC group (0.247±0.034). 
** P<0.01. (C) Flow cytometry dot plots showing apoptosis rates. (D) Quantification of apoptosis rates of HepG2-KD group 
(10.777±0.306) compared with HepG2- NC group (6.437±0.237). *** P<0.001. (E) Histograms showing numbers of cells in 
different stages of the cell cycle. (F) Quantification of percent of total cells in each stage of the cell cycle. * P<0.05, ** P<0.01.

e930215-8
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Luo M. et al: 
HHLA2 in hepatocellular carcinoma

© Med Sci Monit, 2021; 27: e930215

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



25

20

15

10

5

0

HepG2-NC HepG2-KD

HepG2-NC

0 h 48 h

HepG2-KD

HepG2-NC

HepG2-KD

*

M
igr

at
ion

 ra
te

 (%
)

80

60

40

20

0
HepG2-NC HepG2-KD

**

Ce
lls

/�
eld

A

C

B D
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Gene ontology analysis implicated HHLA2 in immune respons-
es, chemokine signaling, and extracellular matrix composition. 
Various immune cells, inflammatory factors, and components of 
the extracellular matrix are important parts of the HCC tumor 
microenvironment, which regulates the activity of T cells and in-
duces immune escape [15]. Our data indicated that HHLA2 over-
expression contributes to the tumor microenvironment of HCC 
by promoting metastasis, which negatively affects prognosis.

Our results suggest that HHLA2 contributes to the malignan-
cy and progression of HCC. Higher HHLA2 protein levels in our 

retrospective cohort were associated with advanced BCLC stage, 
poor tumor differentiation, and tumor invasion of neighboring 
structures. Consistent with our results in HCC, HHLA2 overex-
pression in colon cancer is positively correlated with the depth of 
tumor invasion [16], and in tumor size, stage, grade, and lymph 
node metastasis in bladder cancer [9]. Increased expression of 
HHLA2 in cholangiocarcinoma is associated with lymph node 
metastasis and advanced cancer stage [17]. These findings sug-
gest that HHLA2 overexpression occurs in tumor tissues with 
advanced stage, and therefore it could be effective to use bio-
therapy to target HHLA2 in patients in advanced stages of HCC.
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Tumor invasion and metastasis are multistep processes involv-
ing numerous factors, and these processes are the main cause 
for poor prognosis and mortality in patients with HCC [18]. In 
our experiments, HHLA2 knockdown enhanced the adhesion 
between HepG2 cells and the extracellular matrix in vitro. Our 
results are consistent with a transcriptome study [19], indicat-
ing that HHLA2 is involved in regulating intercellular adhesion 
between primary human T cells and the extracellular matrix. In 
fact, the less adhesive the tumor, the more effectively it evades 
immune killing, which is proposed by the “tumor growth-cell 
immune feedback” model. Zan et al found that higher adhe-
sion between tumor cells inhibited the escape of tumor cells 
from the immune system, while lower adhesion between tu-
mor cells could effectively help the tumor escape killing from 
the immune system to metastasize [20]. Consistent with this 
model, HHLA2 protein levels in patients with metastatic osteo-
sarcoma were higher in primary and metastatic tumors than 
in primary tumors of patients without metastasis [8]. Results 
of previous work and the present study strongly imply that 
HHLA2 helps HCC tumors escape the immune system by ef-
fecting intercellular adhesion of tumor cells.

Thus, when we knocked down HHLA2, the ability of HepG2 
cells to migrate and invade decreased significantly. Similarly, 
HHLA2 silencing significantly reduced the viability, migration, 
and invasion ability of clear cell renal cell carcinoma cells in 
vitro [21]. As in the previous study, we found that the knock-
down of HHLA2 blocked cell cycle progression. These data im-
ply that HHLA2 regulates tumor cell propagation, so targeting 
it with therapeutics may inhibit cancer progression.

Conclusions

In conclusion, HHLA2 had higher expression in HCC tissues 
than in para-carcinoma liver tissues and was associated with 
advanced HCC stage. HHLA2 is advantageous to the cell sur-
vival and growth of the HCC cell line HepG2, and these pro-
tumor effects can be inhibited effectively in vitro by knock-
ing down the protein. These findings indicated that HHLA2 is 
a potential prognostic biomarker of HCC and may provide a 
turning point in the understanding of the functions of HHLA2 
related to HCC. Therefore, further study into the evidence of 
HHLA2’s contributions to the development and progression of 
HCC would be valuable.
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