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Purpose: Identification of novel biomarkers could benefit the clinical therapy and management of papillary thyroid carcinoma (PTC).
Human endogenous retrovirus long terminal repeat-associating protein 2 (HHLA?2) has been reported to play roles in the development
of various cancers. The clinical significance and biological function of HHLA2 in PTC were investigated.

Patients and Methods: The expression level of HHLA2 was evaluated in PTC tissues (from 107 PTC patients) and cell lines (TPC-
1, IHH-4, CGTH-W3, and MDA-T32 cells) by RT-qPCR. The clinical significance of HHLA2 was estimated with a series of statistical
analyses. The biological function of HHLA2 was assessed with the CCK8 assay and transwell assay.

Results: HHLA2 was upregulated in PTC compared with the normal samples and was associated with the positive lymph node
metastasis and advanced TNM stage of PTC patients. HHLA2 was an independent prognostic factor associated with the poor survival
of PTC patients. Additionally, HHLA2 functioned as a tumor promoter that enhanced the progression of PTC cells.

Conclusion: HHLA2 could serve as a prognostic biomarker and tumor promoter in PTC, providing a novel therapeutic target of
PTC.
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Introduction

With the continuously increasing incidence, thyroid cancer has gradually become the most common malignant neoplasm
in the endocrine system.' According to the pathological, clinical, and genetic features of patients, thyroid cancer
pathologically contains papillary thyroid carcinoma (PTC), follicular thyroid carcinoma, anaplastic thyroid carcinoma,
and medullary thyroid carcinoma.”* PTC is the most common histological type of thyroid cancer accounting for
approximately 80%.> Recurrence and distant metastasis are major adverse events that threaten recovery and postoperative
life quality of a proportion of PTC patients.*” Moreover, the traditional therapeutic means also limit the cure of PTC
patients. It is critical to know the factors that indicate the course of cancer and the outcome of PTC patients.

With the development of molecular biology, numerous molecules have been identified as indicators for the tumor
progression and disease development of various cancers. In PTC, a number of molecules were reported to serve as
biomarkers that indicate the progression and predicate clinical outcomes. The certain novel B7 family is a member of
these molecules, of which several members have been characterized to participate in the development of various cancers.
For example, B7-H4 was associated with the tumor stage of ovarian serous carcinoma.® B7-H5 was demonstrated to be
involved in the mediating effect of EGFR in NSCLC.” HHLA2 (B7-H?7) is a recently identified member of the B7 family
and has been revealed to suppress the function of human CD4 and CD8 T cells, which might be a novel therapeutic target
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of human cancers.'® In gastric cancer, the overexpression of HHLA2 was identified to represent the malignant status and
the poor prognosis of patients.'" It was reported that HHLA2 was associated with the recurrence and survival of
pancreatic and ampullary cancer patients.'> HHLA2 was also speculated to function as a biomarker of PTC to predict
disease development and the patient’s post-surgical prognosis. However, there were few data available that could
demonstrate the function of HHLA2 in PTC.

The expression and function of HHLA2 in PTC was evaluated in this study with clinical tissues and cultured cells,

aiming to appraise novel biomarker of PTC.

Patients and Methods

Patients

This study had obtained approval from the Ethics Committee of the Affiliated Hospital of Qingdao University and
informed consent from every participant. All procedures followed were in accordance with the ethical standards of the
responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964
and later versions. A total of 107 PTC patients that underwent surgical resection in The Affiliated Hospital of Qingdao
University were included in this study from January 2013 to December 2015. The tumor tissues and normal tissues (at
least 2 cm from tumor tissues) were collected from enrolled patients and stored in liquid nitrogen. All patients were
followed up for 5 years after their surgery to obtain their survival information.

Real-Time Quantitative PCR (RT-qPCR)

Total RNA was extracted from collected tissues and cultured cells by Trizol (Life Technologies, USA) and synthesized
cDNA with a reverse transcription-polymerase chain reaction kit (TaKaRa, Japan) according to the manufacturers’
instructions. The quantitation of HHLA2 (primer forward 5-GGAACACTTCATTTTCCCCAATTC-3', reverse 5'-
TCTCCTACATGCTCTCCTTCCT-3") was performed with the help of the SYBR Green Master Mix kit and
a GAPDH (primer forward 5'-CTGTCGGSCCTGGCCAAG-3', reverse 5'-CACCCTCGCCAAAGGTGA-3') as the
internal reference. The 2 *“T method was used to calculate the expression level of HHLA2.

Cell Culture and Transfection

Four types of human PTC cell lines (TPC-1, IHH-4, CGTH-W3, and MDA-T32) and a normal thyroid cell line
(HTORI3) were purchased from ATCC and cultured in the RPMI 1640 medium (Life Technologies, USA) with 10%
FBS (Life Technologies, USA). HHLA2 was silenced by the RNAi approach with the small hairpin RNA (shRNA) and
was overexpressed by the transfection of lentivirus containing HHLA2 sequences. The transfection efficiency was
evaluated by detecting the expression of HHLA2.

Cell Proliferation Assay

The proliferation of transfected cells was assessed by the CCK8 kit (Dojindo, Japan) according to the manufacturer’s
instructions. Cells were seeded into 96-well plates at a density of 5x10° cells/well. The cells were supplied with the full
culture medium and incubated at 37°C for 0, 24, 48, and 72 h. The CCKS kit was added to each well at each time point.
The absorbance at 450 nm was detected by a microplate reader to evaluate the cell proliferation of PTC.

Cell Migration and Invasion Assay

The 24-well transwell plates (Corning, USA) were applied in the migration and invasion assay. The cells were seeded
into the upper chambers of the transwell at a density of 1x10* cells/well and supplemented with an FBS-free culture
medium. The medium with 10% FBS was placed in the bottom chamber as a chemoattractant. The upper chamber was
pre-coated with the Matrigel (Corning, USA) for the invasion evaluation. The plates were incubated at 37°C for 24 h,
then, the migrated cells and invaded cells in the bottom chamber were stained with 1% crystal violet and fixed with 4%
paraformaldehyde. The cell number was counted with the Olympus inverted microscope.
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Figure | Expression of HHLA2 mRNA in PTC. (A) HHLA2 was significantly upregulated in PTC tissues. ***P < 0.001 relative to normal tissues. (B) The expression of
HHLA2 in PTC cells (MDA-T32, TPC-1, CGTH-WS3, and IHH-4 cell) was significantly high than that in normal cells (HTORI3 cell). ***P < 0.001.

Statistical Analysis

All data were expressed as mean value + SD, obtained from triplicate experiments and analyzed with SPSS 20.0 software
(IBM, USA). The difference between groups was estimated with Student’s f-test one-way ANOVA followed by the
Turkey post-hoc test. The clinical significance of HHLA?2 was evaluated by the chi-square test, Kaplan-Meier, and Cox
regression analysis. P < 0.05 represents statistically significant difference.

Results

HHLA2 WVas Significantly Upregulated in PTC

The expression level of HHLA2 mRNA was significantly higher in PTC tissues than that in normal tissues (P < 0.001,
Figure 1A). Consistently, the significant upregulation of HHLA2 was also found in PTC cells (MDA-T32, TPC-1,
CGTH-W3, IHH-4 cells) in comparison with normal cells (P < 0.01, Figure 1B). Moreover, the specific expression level
of HHLA2 in TPC-1 and IHH-4 cells was relatively high than other cells, but the difference was not significant,
indicating the relatively high sensitivity of these two cells to the upregulation of HHLA2. Therefore, the following
in vitro cell experiments were conducted in these two cells.

Clinical Significance of HHLA2 in PTC

The PTC patients were partitioned into two groups with the average expression level of HHLA2 in PTC tissues as the
cutoff, including a low-expression group consisting of 49 patients and a high-expression group consisting of 58 patients.
Patients with high expression of HHLA2 always showed the positive status of lymph node metastasis and patients with
advanced TNM stage were observed to possess a relatively high expression of HHLA2 (Table 1). The significant
association between HHLA2 expression and lymph node metastasis (P = 0.020) and TNM stage (P = 0.006) was
demonstrated, while no significant relationships were observed in other clinical features of included patients (Table 1).

Additionally, patients in the high-expression group were found to possess a relatively poorer survival rate than that of
patients in the low-expression group, and the difference was significant (Log rank P = 0.020, Figure 2). Furthermore,
HHLA2 (95% CI = 1.075-6.087, P = 0.034) and the TNM stage (95% CI = 1.012-6.093, P = 0.047) were identified as
two independent prognostic factors of patients with the HR value of 2.558 and 2.483, respectively (Table 2).

The Biological Function of HHLA2 in PTC

The expression of HHLA?2 in PTC cells was regulated by the corresponding transfection. In TPC-1 (Figure 3A) and IHH-
4 cells (Figure 3B), HHLA2 expression was significantly suppressed by the transfection of HHLA2 shRNA and enhanced
by the lentivirus containing HHLA?2 sequences (P < 0.001).
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Table | Association Between HHLA2 Expression and Patients’ Clinical Features Assessed by the Chi-Square Test

Total (n = 107) HHLA2 Expression P value
Low (n = 49) High (n = 58)

Age (years) 0.752
<45 52 23 29

>45 55 26 29

Sex 0.8l1
Male 45 20 25

Female 62 29 33

LNM 0.020*
Negative 59 33 26

Positive 48 16 32

TNM stage 0.006**
- 68 38 30

v 39 11 28

Tumor size (cm) 0.157
<4 51 27 24

>4 56 22 34

Cancer foci 0.148
Single 53 28 25

Multiple 54 21 33

Notes: *P < 0.05, **P < 0.01 indicates the statistical significance.
Abbreviation: LNM, lymph node metastasis.

The proliferation of TPC-1 and IHH-4 cells was dramatically inhibited by the knockdown of HHLA2 and promoted
by its overexpression (P < 0.05, Figure 4A). Similarly, the promoted effect of HHLA2 upregulation was also observed in
the migration (Figure 4B) and invasion (Figure 4C) of PTC cells, and the opposite effect was exerted by HHLA2
silencing (P < 0.001).

Discussion

Identification of biomarkers associated with tumor progression and clinical prognosis of patients is becoming a novel
focus of cancer research. Previously, various molecules, such as non-coding RNAs and functional genes, have been
characterized as indicators of cancer early detection and development prediction.'*'* HHLA?2 is a novel identified
member of the B7 family, a widely accepted immune checkpoint superfamily.'>'® The effects of HHLA2 on T-cell
proliferation and cytokine production had been widely reported.'®'” However, the extra function of HHLA2 was elusive.
Herein, the functional role and clinical significance of HHLA2 in PTC were estimated.

It was revealed that HHLA?2 could co-express with PD-L1 in clear cell renal carcinoma and could predict the severity
and prognosis of patients.'® In the present study, the significant upregulation of HHLA2 was observed in PTC. The
upregulation of HHLA?2 was notably associated with the lymph node metastasis status and TNM stage of patients, which
are two important factors correlated with disease development, suggesting the involvement of HHLA?2 in the progression
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Figure 2 Kaplan—Meier curve of included patients. Patients with high expression of HHLA2 possessed a poor survival rate. Log rank P = 0.020.

of PTC. Additionally, HHLA2 was also demonstrated to possess negative relationship with the survival rate of PTC

patients. Previously, HHLA2 has also been identified as a prognostic indicator in various cancers. For instance, in

epithelial ovarian cancer, HHLLA2 behaves as a prognostic predictor associated with tumor differentiation and improved

survival of patients.'” In hepatocellular carcinoma, the co-expression of HHLA2 and PD-L1 was infrequent, but the

Table 2 Association Between Clinical Features and Survival of Patients

HR Value 95% ClI P value

HHLA2 2.558 1.075-6.087 0.034*
Age 1.405 0.684-2.885 0.354
Sex 1.435 0.664-3.099 0.358
LNM 1.586 0.738-3.405 0.237
TNM stage 2.483 1.012-6.093 0.047%*
Tumor size 1.676 0.711-3.953 0.238
Cancer foci 1.966 0.889—4.344 0.095

Note: *P < 0.05 indicates the statistical significance.

Abbreviation: LNM, lymph node metastasis.
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Figure 3 The expression of HHLA2 was regulated by cell transfection in TPC-1 (A) and IHH-4 (B) cells. HHLA2 was significantly inhibited by the transfection of HHLA2
shRNA and enhanced by HHLA3 lentivirus. **P < 0.001.

overexpression of HHLA2 showed significant prognostic value.”’ However, the overall survival rate of enrolled patients
in the present study was slightly different from previous data,>’ which might be a result of the relatively small sample
size. Therefore, a larger sample size is needed in future studies.

The biological effect of HHLA2 on the cellular processes of PTC was also assessed. The overexpression of HHLA2
was noticed to accelerate the progression of PTC cells, while the knockdown of HHL A2 exerted an opposite effect on the
progression of PTC cells. These results suggested the tumor promoter role of HHLA?2 in PTC. Early, the role of HHLA2
in the other cancers has also been disclosed, which is consistent with the obtained results. A similar upregulation of
HHLA2 was observed in hepatocellular carcinoma, and the knockdown of HHLA?2 increased cell adhesion, accelerated
cell apoptosis, resulted in cell arrest and suppressed cellular processes.”> The overexpression of HHLA?2 inhibited cell
proliferation of ovarian cancer.'” The observed promoted effect of HHLA2 on PTC cells provides a view that the
inhibition of HHLA2 might be a novel therapeutic strategy of PTC treatment.

However, this study did not leak out the mechanism underlying the function of HHLA2. In NSCLC, the EGFR/
MAPK/ERK signaling pathway was demonstrated to be the mechanism, through which HHLA?2 regulated cell prolifera-
tion, migration, invasion, and cell cycle.”® The function of HHLA2 in immune processes has been widely reported, and
numerous studies have focused on the role of immune regulation and immune escape in PTC. For example, a previous
study identified a variety of dysregulated immune-related genes in PTC and established a risk model predicting the
clinical outcome.>* Moreover, the role of HHLA2 in immune regulation also implies the potential of HHLA2 in
immunotherapeutic approaches as well as in the therapy of PTC.'>? " Therefore, immune-related processes should
attract special attention, which might be a potential mechanism that mediates the tumor promoter role of HHLA2 in
PTC.'%?® Further mechanism investigations that would leak out the signaling and receptors of HHLA2 are warranted,
which would be a part of the future studies.

Conclusion

Taken together, the upregulation of HHLA2 in PTC is associated with the advanced development and poor prognosis of
patients. HHLA?2 functions as a tumor promoter that enhances the proliferation, migration, and invasion of PTC cells.
These findings provide a novel insight into the clinical management of PTC.
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Figure 4 Effect of HHLA2 on the proliferation, migration, and invasion of PTC cells. (A) The overexpression of HHLA2 significantly promoted the proliferation of TPC-I
and IHH-4 cells, which was suppressed by its knockdown. (B) The migration of TPC-1 and IHH-4 cells was enhanced by HHLA2 upregulation and inhibited by HHLA2
silencing. (C) The invasion of TPC-1 and IHH-4 cells was enhanced by HHLA2 upregulation and inhibited by HHLA2 silencing. ***P < 0.001.
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