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HHILA2 promotes tumor progression by long non-coding
RNA H19 in human gallbladder cancer
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Abstract. Advanced gallbladder cancer (GBC) is one of the
most malignant of all types of biliary tract cancers that is asso-
ciated with poor prognosis and high mortality. Accumulating
evidence suggest that the B7 family of proteins serve an essen-
tial role in various types of cancers, including GBC. However,
the potential function and regulatory mechanism of human
endogenous retrovirus-H long terminal repeat-associating
protein 2 (HHLAZ2; also known as B7-H7 or B7THS) in GBC
remain poorly understood. In the present study, immunohis-
tochemistry was used to examine the expression pattern of
HHLAZ2 in samples from 89 patients with GBC. The possible
association between HHLA?2 expression and the clinicopatho-
logical parameters, including prognosis, were then assessed.
Using lentiviruses, overexpression of HHLA2 plasmid or
short-hairpin RNA (shRNA) of HHLA?2 were transfected into
GBC-SD cells to overexpress or knock down HHLA?2 expres-
sion, respectively. The effects of HHLA?2 overexpression and
knockdown on the epithelial-mesenchymal transition (EMT)
process on GBC-SD cells were measured by the western
blotting and immunofluorescence staining of collagen I,
N-cadherin, E-cadherin, vimentin and a-SMA. By contrast,
changes in cell proliferation were measured using EdU assay.
Cell invasion and migration were assessed using Transwell
and wound-healing assays, respectively. In addition, a xeno-
graft mouse model was established to evaluate the tumorigenic
ability of the GBC cell line in vivo after stable transfection with
lentivirus for HHLA?2 overexpression or shRNA for HHLA?2
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knockdown. The regulatory relationships among TGF-f1, long
non-coding RNA (IncRNA) H19 (H19) and HHLA?2 were
then investigated. The mRNA expression of IncRNA H19
were assessed using reverse transcription-quantitative PCR,
whereas the expression levels of HHLA?2 were detected by
western blotting and immunofluorescence staining. HHLA2
expression was found to gradually increase as the stages of the
GBC samples become more advanced. In addition, the expres-
sion level of HHLA?2 was calculated to be positively associated
with the Nevin stage, American Joint Committee on Cancer
stage, tumor invasion and regional lymph node metastasis but
was negatively associated with the overall patient survival
(OS). In vitro experiments demonstrated that overexpression
of HHLA?2 promoted GBC migration, invasion, proliferation
and EMT, whereas in vivo experiments found a promoting role
of HHLA?2 overexpression on GBC tumor growth. After trans-
fection with lentiviruses encoding the overexpression plasmid
of IncRNA H19, GBC migration, invasion, proliferation and
EMT were increased. By contrast, knocking down HHLA?2
expression suppressed TGF-f1- or IncRNA H19 overexpres-
sion-induced GBC migration, invasion, proliferation and
EMT. In addition, HHLA?2 knockdown significantly reduced
the sizes of the GBC tumors in vivo. These results suggest
that HHLA?2 overexpression can promote GBC progres-
sion. Conversely, ablation of HHLA?2 expression inhibited
both TGF-p1- and IncRNA H19-induced GBC progression,
suggesting that HHLA?2 is a potential therapeutic target for
this disease.

Introduction

Gallbladder cancer (GBC) is the one of the highest inci-
dence and a particularly aggressive biliary tract cancer (1).
Epidemiologically, it tends to be more commonly found in
women, with high rates of recurrence and mortality, which is
reflected by it having the worst overall survival (OS) rate among
all other biliary tract cancer types (2-6). In 2018, ~219,420 new
cases and 165,087 cases of mortality due to GBC were
reported globally (7). Although surgical treatment is currently
the most effective method for treating GBC, the majority of
patients with GBC are typically already at metastatic or late
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clinical stages at diagnosis on presentation, limiting the cura-
tive treatment options (8-10). Therefore, it remains in high
demand to develop novel precise targeted treatment methods
to inhibit the progression of GBC whilst also improving the
prognosis of treatment strategies. The diverse characteristics
of GBC pathogenesis leads to poor prognoses according to
a previous gene set enrichment analysis, specifically due to
epithelial-mesenchymal transition (EMT), angiogenic immune
suppression and hypoxia (11). According to a previous Kyoto
Encyclopedia of Genes and Genomes analysis, overactivation
of the TGF-p pathway in GBC can lead to significantly poorer
survival outcomes (11,12). However, the detailed mechanism
underlying EMT and the TGF-f pathway in GBC require
further study.

Members of the B7/CD28 family have been previously
found to regulate the immune response and cancer invasion,
in both positive and negative manners (13). Human endog-
enous retrovirus-H long terminal repeat-associating protein 2
(HHLAZ2; also known as B7TH7 or B7HY) is the only member
of the B7 protein family found in humans (14). HHLA?2 cannot
be found in mice and is mainly expressed in human breast,
lung, thyroid, melanoma, pancreas, ovary, liver, bladder, colon,
prostate, kidney and esophagus cancer cells, activated myeloid
cells, monocyte-derived macrophages and dendritic cells (14).
Previous studies have found that HHLA2 can activate
antigen-presenting cells in response to inflammation (14,15).
In addition, HHLA?2 interacts with the co-receptor CD28H to
stimulate T cell proliferation, differentiation and the produc-
tion of cytokines, including IFN-y, IL-2 and IL-10 (14,15).
However, HHLA?2 can also bind to another inhibitory receptor,
three immunoglobulin domains and long cytoplasmic tail 3
(KIR3DL3), which inhibits T cell action (16). In terms of
cancer, higher expression levels of HHLA2 were previously
reported to be associated with poorer prognoses or higher
degrees of tumour invasion in lung carcinoma, hepatocellular
carcinoma and prostate cancer (17-19). By contrast, in epithe-
lial ovarian cancer, higher HHLA?2 expression levels were
demonstrated to be associated with superior survival outcomes
and reduced tumor growth (20). Therefore, HHLA2 can serve
opposite physiological roles in cancer depending on the malig-
nancy of interest. However, the expression profile of HHLA2
and its relationship with GBC progression remain unclear.

Long noncoding RNAs (IncRNAs) are non-coding tran-
scripts that are >200 bp in length and server important roles
in regulating cellular protein expression and function (21).
LncRNAs have also been previously found regulate the
progression of various cancers. LncRNA H19 (H19) is one
such IncRNA, which was one of the earliest discovered
IncRNAs (22,23). H19 has been observed to serve a significant
role in EMT progression in colorectal cancer, breast cancer
and gallbladder cancer (22,23). Furthermore, previous studies
have reported that H19 can function as a molecular sponge
to restrain the functions of miR-342-3p and promote EMT in
GBC (24,25). In the present study, the role of H19-induced
upregulation on HHLA?2 expression in the molecular
regulatory network underlying EMT in GBC was investigated.

Additionally, in the present study, the aim was to investigate
the role of HHLA?2 in GBC progression and to further evaluate
the potential of HHLA?2 as a potentially novel therapeutic
target.

Materials and methods

Patients and specimens. GBC specimens were collected
from patients at Shengjing Hospital of China Medical
University (Shenyang, China) from October 20, 2011 to
December 10, 2020. Patients diagnosed with GBC and
confirmed by pathologists according to the American
Joint Committee on Cancer (AJCC) cancer staging system
(8th edition) (26) and the 2019 (5th edition) WHO classifica-
tion of tumours of the digestive system (27), who underwent
surgery as the primary treatment and with comprehensive
clinical and follow-up data, were included. Patients with preop-
erative chemotherapy, other concurrent malignant tumors,
unsuccessful follow-up or those whose survival data cannot be
obtained were excluded from this study. A total of 89 patients
were selected from our patient database. Among these
patients, 37 were males (42%) and 52 were females (58%). The
mean age was 62.34+10.19 years, ranging from 30 to 89 years.
This research arm of the present study was approved by the
Ethics Committee of Shengjing Hospital of China Medical
University (approval no. 2019PS036K). Written consent was
obtained from all the patients involved in the present study.
Each patient's age, sex, differentiation, Nevin stage (28), tumor
invasion, regional lymph node metastasis, distant metastasis
and histological stage were obtained.

Follow-up arrangement. The final date of the last follow-up
was November 1, 2021. OS was defined as the interval either
between the initial diagnosis and mortality or between the
initial diagnosis and the date of the last observation for the
surviving patients. Data were censored at the date of the last
follow-up for any living patients.

Immunohistochemical staining and evaluation. HHLA2
expression in the GBC specimens was measured by immu-
nohistochemistry. The GBC specimens were fixed in a
10% formalin solution for 24 h at room temperature, before
they were embedded in paraffin, sliced into 4 pm-thick
sections and placed onto glass slides. They were then dehy-
drated in an ascending ethanol gradient and cleared with
xylene. The slices were treated with 95°C Sodium Citrate
Antigen Retrieval Solution (cat. no. C1031; Beijing Solarbio
Science & Technology Co., Ltd.) for 10 min. The slices were
then treated with 3% H,0, at 37°C for 10 min and blocked
in 3% BSA (Beyotime Institute of Biotechnology) solution
for 30 min at room temperature. Immunohistochemical
staining were subsequently performed. Rabbit anti-HHLA?2
monoclonal antibodies (1:100, cat. no. ab214327; Abcam) were
used as the primary antibody and incubated at 4°C for 10 h,
whereas HRP-conjugated goat anti-rabbit IgG was used as
the secondary antibody (1:100, cat. no. ab288151; Abcam) and
incubated at room temperature for 30 min. Diaminobenzidine
(cat. no. DA1010; Beijing Solarbio Science & Technology Co.,
Ltd.) incubating for 5 min at room temperature was used to
develop color reaction. Paraffin sections were counterstained
with Haematoxylin (Beijing Solarbio Science & Technology
Co., Ltd.) lasting for 2 min at room temperature.
Immunohistochemical staining results were assessed by
two different pathologists using light microscopy (magnifica-
tions, x200 and x400; Olympus Corporation). In cases where
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there was disagreement, the results were evaluated again.
If a consensus could not be reached, another pathologist
participated in the evaluation. All pathologists were blinded
to the patient's clinical data. In summary, = two patholo-
gists must agree with each result. Immunostaining in the
tumor tissues was semi-quantified using the ImageJ software
(version 1.52; National Institutes of Health), for the staining
intensity. The staining intensity was divided into four levels as
follows: i) Negative, 0; ii) low positive, 1; iii) positive, 2; and
iv) high positive, 3. In total, five high-power fields (magnifica-
tion, x400) of each slice were randomly selected to judge the
corresponding percentage of positive cells. The H-score of
each case was measured by multiplying the staining intensity
by the corresponding percentage of positive cells (range from
0 to 168). To associate the relationship between HHLA2 and
patient outcome, the existence of tumor classifications should
be revealed. Since H-score was determined to be contin-
uous variables, the optimal cut-off value was determined
using X-tile software (version 3.6.1; https://medicine.yale.
edu/lab/rimm/research/software/) to divide the specimens
into HHLA2-high group and the HHLA2-low group. The
X-tile program performed a single, global assessment of every
possible method of dividing the population. In the assessment,
each H-score value of all the specimens was used as a cut-off
value to divide the specimens into two groups. Subsequently,
every y* value of each grouping grouped by different H-score
values were calculated using the Kaplan-Meier method
respectively to find the highest % value, which was 7.16
(ranging from 0.40 to 7.16). The grouping with a %> value
of 7.16 was regarded as the optimal grouping, where the cut-off
value of the optimal grouping was determined as the optimal
cut-off value, which was 80 (29). Therefore, specimens with
H-score >80 were included in the HHLA2-high group and
specimens with H-score <80 specimens were included in the
HHLAZ2-low group.

Cell culture. The GBC cell line GBC-SD (cat. no. CSTR:19375
09.3101lHUMTCHul6) was purchased from The Cell Bank of
Type Culture Collection of the Chinese Academy of Sciences.
The cells were cultured in RPMI1640 medium (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS
(Gibco; Thermo Fisher Scientific, Inc.) and were treated with
or without TGF-B1 (PeproTech, Inc). The TGF-p1 cytokine
was dissolved in PBS containing 5% Trehalose as storage
solution at a concentration of 20 pg/ml. The storage solution of
TGF-p1 was added into the culture medium to reach a concen-
tration of 10 ng/ml for treatment for 48 h at 37°C, whilst the
control group received the same amount of vehicle treatment
(PBS containing 5% Trehalose). For culturing, 5% CO, and
37°C was applied for the cell lines.

Western blotting. The cells were lysed with RIPA buffer
(Beyotime Institute of Biotechnology) for 2 h on ice with a
proteininhibitor cocktail (Beyotime Institute of Biotechnology).
This mixture was then centrifuged at 12,000 x g for 30 min
at 4°C, before the supernatant was collected and the protein
concentration was measured using a BCA kit (Beyotime
Institute of Biotechnology). In total, 5X loading buffer was
added to the protein solution at a 1:4 ratio and heated at
95°C for 5 min. After SDS-PAGE in 5% stacking gel and in

10% separating gel (15 pg protein per lane) and transfer onto
polyvinyl difluoride membranes (Thermo Fisher Scientific,
Inc.), before blocked with 5% skimmed milk powder solution
(diluted in Tris-buffered saline containing 0.1% Tween-20) for
2 h under room temperature. After blocking, the membranes
were incubated with the corresponding primary antibodies
against GAPDH (1:1,000; cat. no. ab181602; Abcam), vimentin
(1:1,000; Abcam; cat. no. ab92547), a-smooth muscle
actin (SMA; 1:1,000; Abcam; cat. no. ab124964), HHLA2
(1:1,000; Abcam; cat. no. ab214327), E-cadherin (1:1,000;
Abcam; cat. no. ab40772), N-cadherin (1:1,000; Abcam;
cat. no. ab18203) and Collagen I (Col-I; 1:1,000; Abcam;
cat. no. ab34710) for 10 h at 4 °C. After incubating with the
primary antibodies, the membranes were incubated with
HRP-conjugated goat anti-rabbit IgG secondary antibodies
(1:5,000; cat. no. ab6721; Abcam) for 1 h at room tempera-
ture. Protein expression levels were detected by Chemistar™
High-sig ECL Western Blotting substrate (cat. no. 180-5001;
Tanon Science and Technology Co., Ltd.). The western
blotting results were quantified using the ImageJ software
(version 1.52; National Institutes of Health).

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was isolated using RNAiso Plus
(Takara Bio, Inc.) according to the manufacturer's protocol and
reverse transcribed into cDNA using the PrimeScript™ RT
Master Mix kit (Takara Bio, Inc.). The temperature protocol
was 37°C for 15 min, 85°C for 5 sec and 4°C for 1 h. gPCR was
performed using the TB Green™ Premix Ex Taq™ II (Takara
Bio, Inc.) and a Roche 96 instrument (Roche Diagnostics)
to measure mRNA expression. The thermocycling condi-
tions were as follows: Initial denaturation at 95°C for 30 sec;
followed by 40 cycles at 95°C for 5 sec and 60°C for 30 sec;
Relative mRNA expression levels were determined using the
2-244¢a method (30), where the experiments were repeated three
times. GAPDH was used as the internal control. The GAPDH
primers were purchased from Guangzhou RiboBio Co., Ltd.
The sequences for GAPDH primers were: Forward, 5'-GAA
CGGGAAGCTCACTGG-3, and reverse, 5-GCCTGCTTC
ACCACCTTCT-3), The sequences of the HI9 primers were
H19-forward, 5'-CGTGACAAGCAGGACATGACA-3' and
reverse, 5S'-CCATAGTGTGCCGACTCCG-3'.

Immunofluorescence staining. Cultured cells were first fixed
in 4% paraformaldehyde at room temperature for 30 min,
before they were blocked with 5% BSA (Beyotime Institute of
Biotechnology) at room temperature for 1 h and permeabilized
with 0.1% Triton X-100 at room temperature for 15 min. Next,
the cells were incubated with 1:200 diluted primary antibodies
against vimentin (cat. no. ab92547; Abcam), a-smooth muscle
actin (cat. no. ab124964; Abcam), HHLA?2 (cat. no. ab214327,
Abcam), E-cadherin (cat. no. ab40772; Abcam), N-cadherin
(cat. no. ab18203; Abcam) and Col-I (cat. no. ab34710; Abcam)
for 10 h at 4°C. After washing three times with PBS containing
0.1% Tween-20 (PBST), the cells were incubated in 1:200
diluted Goat anti-Rabbit IgG (H+L) Highly Crossed-Adsorbed
Secondary Antibody, Alexa Fluor™ 488 (cat. no. A-11034;
Thermo Fisher Scientific, Inc.) for 1 h at room temperature,
protected from light. DAPI (Thermo Fisher Scientific, Inc.) at
the concentration of 300 nM was used to stain nuclei for 5 min
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at room temperature. Protein expression was observed and
recorded by fluorescence microscopy (magnification, x200;
Olympus Corporation).

Construction of stably transfected cell lines. Lentiviruses
encoding the short hairpin (sh)RNA silencing HHLA2
and non-target shRNA, the HHLA?2 (GenBank accession
no. NM_007072) or H19 (GenBank accession no. NR_
(NR_002196) overexpression vector and empty control
lentiviral vector were designed and synthesized by Shanghai
GeneChem Co., Ltd. The overexpression vector was sent
for sequencing and designated GV348 [Ubi-MCS-SV40-
Puromycin]. The knockdown vector was sent for sequencing
and designated GV112 [hU6-MCS-CMV-Puromycin]. In
brief, the 20 g GV348 vectors were co-transfected with 15 ug
pHelper 1.0 (envelope plasmid) and 10 ug pHelper 2.0 (pack-
aging plasmid) in the 2nd generation transfection system into
293T cells (The Cell Bank of Type Culture Collection of the
Chinese Academy of Sciences) cultured in DMEM (Hyclone;
Cytiva) with 10% FBS (Hyclone; Cytiva) at 37°C with 5% CO,.
After 48 h culturing at 37°C, the supernatant of the 293T cells
were collected and the lentivirus was concentrated through
centrifugation of 25,000 g at 4°C for 2 h. Subsequently, the
GBC-SD cell lines were plated into six-well plates until
reaching 80% confluence, before the lentivirus was added
and co-cultured with the cells for 24 h at 37°C (multiplicity
of infection, 10). The medium was then replaced prior to
another 48 h of incubation in the 5% CO, and 37°C incubator.
Subsequently, 25 pg/ml puromycin treatment for 2 weeks at
37°C was used to select for the stably transfected cell lines
before the knockdown efficiency was confirmed by western
blotting or RT-qPCR after the cell line reached a conflu-
ence of 80%. In the rescue experiments, HHLA2-shRNA or
NC-shRNA was transfected into H19-overexpressing GBC-SD
cells. In total, 24 h after transfection, the cells were harvested
for subsequent experiments. The target sequence of shRNA
for HHLA2 was 5'-ATCCCGATTCTCATGGAACAA-3',
whereas the target sequence of NC shRNA was 5-TTCTCC
GAACGTGTCACGT-3".

Wound healing assay. The GBC-SD cells were seeded
into six-well plates, and cultured until 100% confluence.
A 20-ul sterile yellow plastic pipette tip was then used to
scratch the cell monolayer. After 48 h of incubation with or
without 10 ng/ml TGF-f1 at 37°C with serum-free RPM11640
medium, the scratches were imaged by light microscopy
(magnification, x200) and analysed by ImageJ software
(version 1.52; National Institutes of Health). Migration area
was calculated by multiplying the migration distance (scratch
width observed at 0 h-scratch width observed at 48 h) with
the width of field of view (500 ym). Relative migration area
was calculated by dividing the migration area by the migration
area of each control group.

Transwell assay. Transwell (Corning, Inc.) chambers were fist
pre-coated at 37°C for 30 min with Matrigel (cat. no. 356234;
BD Biosciences) that was diluted at 1:8 with serum-free
RPMI1640 medium. In total of 2x10* GBC-SD cells suspended
with serum-free RPMI-1640 medium with or without 10 ng/ml
TGF-p1 were seeded into the upper surfaces of each Transwell

chambers, whilst the lower chambers were added with
RPMI-1640 medium with 10% FBS. while the lower cham-
bers were filled with culture medium with 10% FBS. After
48 h invasion at 37°C, the cells that had not passed through
the chamber membrane were gently removed with a wet
cotton ball. The membranes were then fixed with 4% para-
formaldehyde at room temperature for 30 min and stained
with 0.1% crystal violet at room temperature for 15 min and
photographed under a light microscope (magnification, x200).
In total, five high-power fields (magnification, x200) of each
membrane were randomly selected for calculating the cell
numbers by ImagelJ software (version 1.52; National Institutes
of Health).

EdU assay. An EdU assay was performed to evaluate the
proliferation levels of the cells using Cell-Light Edu Apollo
488 In Vitro Kit (cat. no. C10310-3; Guangzhou RiboBio Co.,
Ltd.). Briefly, GBC-SD cells were labelled with 50 xM EdU
(100 ul/well) for 2 h in a 5% CO, and 37°C incubator. After
fixation with 4% paraformaldehyde at room temperature
for 30 min, the cells were permeabilized with 0.5% Triton
X-100 at room temperature for 10 min. Next, the cells were
incubated with 1X Apollo staining solution of the EdU kit at
room temperature for 30 min before the nuclei were stained
with DAPI (Thermo Fisher Scientific, Inc.) at the concentra-
tion of 300 nM for 5 min at room temperature. The cells were
observed and imaged by fluorescence microscopy (magnifica-
tion, x200).

Xenograft mouse model. The mouse xenograft experi-
mental protocol was approved by the Ethics Committee
of Shengjing Hospital of China Medical University
(approval no. 2019PS325K) and performed in accordance
with the Laboratory Animal Guideline for Ethical Review
of Animal Welfare (31). All mice were housed in an animal
room at a constant temperature of 25°C with 30-40%
humidity, under a 12-h light/dark cycle and had free access
to food and water.

Actotal of 24 6-week-old female BALB/c nude mice (weight,
19-22 g) were used to establish the GBC xenograft models.
The mice were randomly divided into the HHLA?2 overexpres-
sion group, NC overexpression group, HHLA2-shRNA group
and NC-shRNA group, with 6 mice in each group. After the
cells in each group reached a confluence of 80-90%, they were
digested with 0.25% trypsin. Next, the cells were resuspended
in PBS to form a cellular suspension at a density of 1x10° cells
in 100 ul. Under isoflurane inhalation anaesthesia (1-2%), each
mouse was gradually and slowly inoculated subcutaneously
with 100 gl this cell suspension in the right armpit. The health
and behaviour of the mice were monitored once a day to deter-
mine if there were difficulties eating or drinking, symptoms
of pain or long-term problems without recovery. If the tumor
volume was found to be >2,000 mm?, the animal would be
euthanized as a humane endpoint. In total, 18 days after inocu-
lation, all mice were sacrificed by cervical dislocation after
isoflurane inhalation (5% for 5 min). Cardiac arrest was then
used to verify death by pulse palpation. Tumor tissues were
collected for measurement and analysis of the volume and
weight. The maximum tumor volume observed was 1,680 mm?
and the maximum tumour diameter was 15 mm.
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Table I. Relationship between HHLA2 expression and clinical characteristics in patients with gall bladder cancer (N=89).

HHLA?2 expression

Parameter Total Low High P-value

Patients (n) 89 44 45

Sex 0.244
Male 37 21 16
Female 52 23 29

Age (years) 0.899
<62 49 24 25
=62 40 20 20

Differentiation 0.219
Poorly or moderately 21 13 8
Well 48 22 26

Nevin stage 0.014
I-1IT 37 24 13
IvV-v 52 20 32

American Joint Committee on Cancer stage 0.007
I-II 36 24 12
I-1v 53 20 33

Tumor invasion
T1-T2 44 27 17 0.026
T3-T4 45 17 28

Regional node metastasis
Absent 46 29 17 0.018
Present 31 11 20

Distant metastasis
Absent 61 34 27 0.079
Present 28 10 18

HHLAZ2, human endogenous retrovirus-H long terminal repeat-associating protein 2.

Statistical analysis. All count data were analysed using the %?
test, continuity correction y? test or Fisher's exact test. Survival
differences were compared using the Kaplan-Meier method
and log-rank test. Multivariate and univariate analyses were
performed using a Cox stepwise proportional hazard model.
Data for experiments performed in triplicate are expressed
as the mean + standard deviation. Comparisons between
two groups were made using the unpaired Student's t-test.
Differences among groups were tested using one-way analysis
of variance (ANOVA) and Tukey's post hoc test. SPSS software
version 26.0 (IBM Corp.) or GraphPad Prism 8.0 (GraphPad
Software, Inc.) was used to perform the statistical analysis.
P<0.05 was considered to indicate a statistically significant
difference.

Results

HHLA? is upregulated in progressed gallbladder cancer,
and high expression of HHLA?2 is associated with a poor
prognosis. The basic clinical characteristics of 89 patients
with GBC are summarized in Table I. In total, 37 (42%) of

the patients with GBC had a lower Nevin staging of I-I1I,
whereas 58% (n=52) had a high grade (IV-V). According
to the AJCC 8th edition cancer staging system, the tumour
invasions were classified into two groups, namely the
low group (stage I-II; 36 cases; 40%) and the high group
(stage III-1V; 53 cases; 60%). Tumour invasions were also
classified into two groups, where the low group included T1
and T2 (44 cases; 49%) and the high group included T3 and
T4 (45 cases; 51%). In terms of regional lymph node metas-
tasis, 31 (34%) patients had regional lymph node metastasis,
whilst 46 (52%) patients did not. For distant metastasis, 28
(31%) patients had distant metastasis (to the liver, intestine
and peritoneum), whereas 61 (69%) patients did not. At the
end of the follow-up period, 50 patients had succumbed
to the disease, where the median follow-up duration was
70 months (range, 1 to 114).

To detect the HHLA2 expression spectrum in the GBC
tissues, immunohistochemistry was performed. As shown
in Fig. 1A, which shows a cross section of the GBC tissue,
HHLA?2 was expressed in the membrane and/or cytoplasm
in GBC tissues and corresponding adjacent noncancerous
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Figure 1. HHLA?2 expression is higher in more advanced gall bladder cancer tissues. Immunohistochemical staining of GBC tissues with (A) high HHLA2
expression and (B) low HHLA?2 expression. Scale bars, 100 ym. (C) Nevin stage, (D) AJCC stage, (E) tumour invasion and (F) regional node metastasis in the
HHLA2-high group. (G) Association of HHLA?2 expression with the overall survival according to Kaplan-Meier survival curves. HHLA?2, human endogenous
retrovirus-H long terminal repeat-associating protein 2; gall bladder cancer; AJCC, American Joint Committee on Cancer.

tissues. The intense staining was predominately seen in apical
surfaces of the papillary epithelium and luminal surfaces of
the glands (black arrows). Compared with tissues with low
HHLA?2 expression, HHLA?2 high expression tissue showed
higher staining intensity and percentage of positively staining
cells. Positive HHLA?2 staining was observed in all 89 cases
(100%). To evaluate the association between HHLA?2 expres-
sion and various clinicopathological parameters of GBC
progression, the cases were subdivided into two groups:
HHLAZ2-high group (45 cases, 51%) and the HHLA2-low
group (44 cases, 49%; Fig. 1A and B). HHLA2 expression
was found to be positively associated with tumour progression
(Fig. 1; Table I). Specifically, 32 cases in the HHLA2-high
group reached Nevin stage IV-V, accounting for 71% (Fig. 1C).
In addition, 33 cases in the HHLA2-high group reached AJCC
stage III-IV, accounting for 73% (Fig. 1D), whilst 28 cases
in the HHLA2-high group exhibited tumor invasion T3-T4,
accounting for 62% (Fig. 1E). In terms of regional lymph node
metastasis, 20 cases in the HHLA?2-high group were demon-
strated to be positive, accounting for 54% (Fig. 1F). According
to Table I, higher HHLA2 expression was significantly
associated with Nevin stage, AJCC stage, tumour invasion and
regional lymph node metastasis.

Subsequently, univariate analysis of OS was performed to
analyse the clinical prognosis of the patients with GBC. The OS
of the HHL.A2-high group was found to be shorter compared
with that in the HHLA2-low group (hazard ratio=2.15; 95%
CI=1.20-3.83; P=0.01), where patients with GBC and higher
HHLA?2 expression tended to have significantly shorter
survival times (Fig. 1G).

HHLA?2 overexpression promotes EMT in GBC in vitro. To
further explore the function of HHLA?2 in the GBCs, the
GBC-SD cell line were transfected with the HHLA?2 plasmid
for overexpression. The efficiency of this HHLA2 overexpres-
sion in GBC-SD cells was verified by western blot analysis
(Fig. 2A and B). Subsequently, the expression of EMT markers
a-SMA, vimentin, N-cadherin and Col-I were all significantly
increased, whereas the expression of E-cadherin was signifi-
cantly decreased, in HHLA2-overexpressing GBC-SD cells
compared with those in the HHLA2-NC cells (Fig. 2C and D).
The relative expression levels of these markers were then
observed through immunofluorescence staining, which yielded
similar observations compared with those from western blot-
ting. These results suggest that HHLA2 can promote EMT in
GBC (Fig. 2E).
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Figure 2. Overexpression of HHLA?2 promotes the EMT process in gall bladder cancer cells in vitro. (A) Overexpression of HHLA?2 was evaluated by western
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HHLA?2 exerts oncogenic functions in GBC. Changes
in the migratory ability of GBC-SD cells after HHLA2
overexpression was next measured using wound-healing
assays. Overexpression of HHLA?2 led to significantly more
potent migratory capabilities compared with those in the
HHLA2-NC group (Fig. 3A and B). The invasive abilities of
these HHL A2-overexpressing cells were next explored through
Transwell assays. The results demonstrated a significantly
higher invasive ability in the HHLA2-overexpressing cell line
compared with that in the HHLA2-NC group (Fig. 3C and D).
An EdU assay was used to investigate the proliferation of
GBC-SD cells, which revealed that there was a significant
increase in the proliferation of the HHLA2-overexpressing
cell line compared with that in the HHLA2-NC group
(Fig. 3E and F). These results suggest that HHLA?2 can mediate
oncogenic functions in GBC in vitro.

To determine whether HHLA?2 can regulate the tumori-
genic ability of GBC in vivo, a xenograft mouse tumor model
was established. HHLA?2 is not expressed in the mouse
genome (14), negating the requirement for measuring the
protein or mRNA expression levels in these samples prior
to the establishment of this xenograft model. The GBC cell
line stably overexpressing HHLA2 and the negative control
group were injected into the left flanks of six nude mice
in each group. After 18 days, compared with those in the

E-cadherin N-cadherin Col-l

negative control group, tumors in the HHLA?2 overexpres-
sion group exhibited a significantly larger volume and were
heavier in weight (Fig. 3G-I). Taken together, these results
suggest that HHLA2 can promote the tumorigenic ability of
GBC in vivo.

HHLA?2 knockdown impedes EMT in GBC. To determine if
HHLAZ2 has the potential to become a therapeutic target in
GBC, GBC-SD cells were transfected with HHLA2-shRNA
to knock down HHLA?2 expression in GBC-SD cells. The
knockdown efficiency was validated by western blotting
(Fig. 4A and B). According to western blotting and immu-
nofluorescence staining data, HHLA2 knockdown led to
significant decreases in the expression of Col- I, N-cadherin,
a-SMA and vimentin but significant increases in the expression
of E-cadherin in GBC-SD cells (Fig. 4C-E). TGF-p1-induced
EMT in vitro model was next established (Fig. SIA and B).
There was a significant increase in the expression of HHLA?2
in the GBC cells (Fig. S1A and B), which was reversed by
transfection with HHLA2-shRNA. In addition, transfection
with HHLA?2-shRNA significantly reduced the expression of
the EMT biomarkers compared with that in the TGF + sh-NC
group (Fig. SIC-E). These results suggest that downregulation
of HHLA?2 can inhibit EMT in GBC both alone and/or in the
presence of TGF-f31.



>
m
i

Relative migration area
- o
1 1

ZHANG et al: HHLA2 PROMOTES TUMOR PROGRESSION

'GBC-SD  HHLA2NC
3 2
O
GBC-SD  HHLA2-NC HHLA2 e %
=
D E E
150 = -
DAP o = ”
*hkE 8
@
5 100 - - % 40 —
o
£ g
: EdU 3
? 50— w50
S L 20
g
@
©
0= S o
8 < 2 Merged a g %
[} T - | 1 0
O & I
§ 3 F ER:
F GBC-SD  HHLA2-NC HHLA2 =
G H I
L. k- . e ] © HHLA2-NC
mRI HHLA2 2 500- .« HHLA2
£ 150- P=0.006
ey v 2 ° .
HHLA2-NC HHLA2-NC £ 100-
E o0
E 50-
o I

Figure 3. Overexpression of HHLA2 promotes the proliferation, migration and invasion of GBC in vitro whilst promoting tumor formation in vivo. (A) Wound
healing assay and (B) subsequent quantification showed that HHLA?2 overexpression enhanced cell migration. Scale bars, 100 ym. (C) HHLA?2 overexpression was
found to increase invasive capability, (D) which was quantified. Scale bars, 100 zm. (E) The proliferative abilities of the cells overexpressing HHLA?2 were higher
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repeat-associating protein 2; GBC, gall bladder cancer; NC, negative control.

HHLA?2 knockdown negatively regulates the tumorigenic
ability of GBC cells. The effects of HHLA2 knockdown on
GBC-SD migration, invasion and proliferation was subse-
quently assessed. Results of the wound healing assay revealed
that HHLA2-shRNA transfection significantly decreased the
migratory ability of GBC-SD cells both alone (Fig. SA and B)
and in the presence of TGF-f1 (Fig. 6A and B). Transwell assay
results demonstrated that HHLA2 knockdown in GBC-SD
cells significantly inhibited cell invasion (Fig. 5C and D)
both alone and in the presence of TGF-f1 (Fig. 6C and D).
In addition, results of the EdU assay showed significantly
lower proliferation levels in the HHLA2-shRNA group
compared with those in the sh-NC group (Fig. 5E and F). In
the TGF-fl-treated in vitro model, knocking down HHLA?2
expression was found to significantly reduce the proliferation
of GBC-SD cells (Fig. 6E and F).

GBC-SD stably transfected with HHLA2-shRNA was
then used to establish a xenograft model to further investigate
its potential role in vivo. After 18 days, the tumors in the
HHLA2-shRNA group exhibited a significantly light in weight
and smaller volume (Fig. 5G-I). These observations suggest
that HHL A2 can serve as a therapeutic target for inhibiting the
tumorigenicity of GBC.

HHLA?2 expression is positively regulated by HI19 in GBC. A
previous study reported the oncogenic role of H19 in GBC,
showing that H19 can promote EMT, migration and invasion
in GBC cells (25). After stably transfected with H19 pc-DNA,
GBC-SD cells were found with significantly higher expression
levels of Col-I, N-cadherin, a-SMA and vimentin but lower
expression levels of E-cadherin compared with those in the
the H19-NC group (Fig. S2A and B). The H19 overexpression
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group also showed higher migration and invasion capabili-
ties compared with those in the H19-NC group (Fig. S2C-F).
However, the mechanism underlying this require further
exploration. Therefore, a GBC cell line stably overexpressing
H19 was constructed. The efficiency of H19 overexpression
was verified using reverse transcription-quantitative PCR
(Fig. 7A). According to the western blotting results, it was
found that H19 overexpression significantly increased HHLA2
expression in the GBC-SD cells compared with that in the
H19-NC group (Fig. 7B and C).

To explore the possible association between H19 and
HHLA?2 in EMT, GBC-SD cells stably overexpressing H19
were transiently transfected with HHLA2-shRNA. Both
western blotting and immunofluorescence revealed marked
downregulation of HHLA?2 expression and the expres-
sion of EMT markers in the HHLA?2 knockdown group,
namely that of a-SMA, vimentin, N-cadherin and Col-I
(Fig. 7D-F). By contrast, HHLA?2 knockdown significantly
increased the expression of E-cadherin (Fig. 7D-F). These
results suggest that HHLA?2 is a key factor in H19-induced
GBC-EMT.

H19 promotes GBC migration, invasion and proliferation
through HHLA?2. Following the observation that HHLA?2 is a
key factor in H19-induced EMT in GBC-SD, additional assays

were performed to investigate the role of HHLA?2 in H19
overexpression-induced migration, invasion and proliferation
in vitro. Results from wound healing assay showed that cells
with HHLA?2 expression knocked down exhibited significantly
lower migratory ability compared with that in the H19 +
sh-NC group (Fig. 8A and B). Subsequently, results from
the Transwell assay revealed that the invasive ability of cells
transfected with HHLA2-shRNA was significantly decreased
(Fig. 8C and D). In addition, results of the EdU assay suggested
that knockdown of HHLA?2 led to a significant reduction of
GBC-SD cell proliferation (Fig. 8E and F).

Discussion

The present study aimed to explore the clinical significance
of HHLA2 in GBC, one of the most aggressive biliary tract
malignancies. In addition, the present study aimed to validate
the biological role of HHLA?2 in GBC progression, whilst
exploring its potential as a novel therapeutic target for GBC
treatment. It was first found that in GBC tissues from patients
with poorer prognoses and more advanced stage GBC, higher
expression of HHLA?2 was observed. In vitro, overexpression
of HHLA?2 was found to enhance the aggressive phenotype
of GBC. By contrast, knockdown of HHLA?2 expression
suppressed the progression of GBC both in vitro and in vivo.
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shRNA or sh, short hairpin RNA; NC, negative control.

These findings suggest that HHLA?2 is a potential therapeutic
target for GBC.

In the present study, the relationship between the HHLA?2
expression and its biological role in GBC was investigated.
It was found that higher expression levels of HHLA?2 in
patients with GBC were associated with higher Nevin stages,
more advanced AJCC stages, more severe tumor invasion
and node metastasis, in addition to worse patient OS. The
clinical data strongly suggest that HHLA?2 can contribute to
the progression of GBC. This observation is consistent with
that in previous studies, which revealed that HHLA?2 can
mediate immunosuppressive roles in lung cancer (32), pros-
tate cancer (19) and renal carcinoma (16). However, previous
studies also reported ambiguous findings on the role of
HHLAZ2 in tumor progression. In pancreatic, ampullary and
ovarian cancers, patients with higher expression of HHLA2

P<0.001 (shHHLA2 group vs. sh-NC group). HHLA2, human endogenous retrovirus-H long terminal repeat-associating protein 2; GBC, gall bladder cancer;

achieved superior prognoses (20,33). These results serve
as a reminder that HHLA2 can more than likely mediate
different functions depending on the cellular context. To
verify the reliability of the clinical results, the function of
HHLA?2 on GBC was next explored on a cellular level.

To date, 14 protein subtypes in the B7/CD28 family have
been discovered (34), the majority which function as immune
checkpoint regulators during tumour progression (35-38).
However, previous studies have shown that the expression
of programmed death-ligand 1 (PD-L1), one of the ligands
in the B7 family, is associated with the EMT process and
immune evasion in breast cancer, squamous cell carcinoma,
non-small-cell lung cancer and cancer stem-like cells (39-42).
EMT serves a critical role during early GBC progression (43).
Following EMT activation, epithelial cells acquire more
mesenchymal properties, resulting in reduced intercellular
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adhesion and higher migratory and invasive phenotypes (44).
Recently, Cao et al (45) reported that PD-L1 can promote
EMT and aggressiveness in GBC. Therefore, since it appears
to be part of the similar signaling pathway, HHLA2 may also
promote GBC progression by directly regulating EMT in
GBC cells. Results from the in vivo and in vitro experiments
appeared to support this hypothesis and observations from the
clinical data, which showed that overexpression of HHLA2
promoted GBC progression.

Subsequently, by TGF-p1 treatment, an apparently more
aggressive GBC-SD cell line (46), was generated, which
increased HHL A2 expression. To validate the role of HHLA2
in GBC progression, the GBC cell lines were transfected with
the HHLA?2 plasmid to overexpress it. Cell proliferation,
migration and invasion in GBC cells overexpressing HHLA?2
group were all significantly increased, which concurred
with the results of the clinical data. Since EMT serves such
a key role in the early stages of GBC progression (43), EMT
marker expression was next measured. The expression of EMT
markers N-cadherin, a-SMA, fibronectin, vimentin and Col-1
was all found to be increased, whereas that of E-cadherin
was significantly decreased, in the HHLA2-overexpressing
GBC-SD cells. In vivo, overexpression of HHLA?2 resulted
in larger tumors being formed. Consistently, investigations
into other protein members in the B7 family revealed similar

functions in colorectal cancer, pancreatic cancer and hepato-
cellular cancer (47-49). These EMT mediators confirmed by
previous reports will also likely mediate HHLA2-induced
EMT in GBC. Kang et al (49) previously reported that B7-H3
promoted EMT in hepatocellular carcinoma through the slug
pathway, which may also mediate an EMT-promoting role in
GBC. Indeed, Lee et al (50) previously found that slug was a
mediator of EMT in GBC.

To test the therapeutic potential of HHLA2 in GBC, a
GBC-SD cell line with HHL A2 expression knocked down was
then constructed. Parameters of progression, including prolifer-
ation, invasion and migration, were all found to be significantly
reduced in the GBC-SD cells after HHLA?2 expression was
knocked down. This also occurred even in the presence of
TGF-p1. In the in vivo experiments, HHLA2 knockdown was
also observed to reduce GBC tumor size and weight.

In addition to TGF-p1, the present study also investi-
gated another regulatory molecule in HHLA2 expression.
Wang et al (24,25) previously reported on two occasions
that the IncRNA H19 can promote the progression of GBC
and its EMT process. Based on these previous observations,
the potential regulatory relationship between IncRNA H19
and HHLA?2 in GBC was next assessed. In the GBC-SD cell
line, overexpression of IncRNA H19 significantly increased
HHLAZ2 expression. In addition, in the rescue experiments,
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knockdown of HHL.A?2 inhibited GBC progression induced by
IncRNA H19 overexpression, revealing a regulatory network
between H19 and HHLA?2 and suggesting the therapeutic
potential of HHLA?2 in GBC progression. However, it is likely
that a complex, as yet unexplored signalling mechanism exist
between IncRNA H19 and HHLA2 in the EMT process.
Wu et al (51) and Yan et al (52) previously found that H19 can
promote cancer EMT through the Wnt/B-catenin canonical
pathway, which was summarized further in a review (51-53).
This raises the hypothesis that HHLA2 may be involved in
the H19/Wnt/B-catenin axis. Jang et al (54) revealed that by
recruiting Smad2/3 to the promoter of PD-L1, another member
of the B7-family, polo-like kinase 1, enhanced the expression
of PD-L1 and promoted EMT in lung adenocarcinoma. This
finding also provides further support for the future analysis
of the signaling pathways involved in the HI9/HHLA?2 axis
upstream of EMT regulation. In addition to HHLA2, IncRNA
H19 may regulate other members of the B7 family upstream of
EMT in GBC and other tumors, which require further explora-
tion in the future.

In conclusion, the present study revealed the clinical and
biological significance of HHLA?2 in GBC. Higher expres-
sion levels of HHLA?2 were found to associate with worse
clinicopathological parameters in patients with GBC and more
advanced types of GBC. By contrast, HHLA2 knockdown
suppressed GBC progression induced by TGF-f1 and IncRNA
H19 overexpression, suggesting that HHLA?2 is a potential
therapeutic target and prognostic marker for GBC.
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