[image: image1.jpg]8226 Regency Drive, Pleasanton, CA 94588, USA
% i ® Telephone: +1-925-223-8242 Fax: +1-925-223-8243
3“‘5h'd°“9 E-mail: bpgoffice@wjgnet.com  http:/ /www.wjgnet.com

K BAISHIDENG PUBLISHING GROUP INC





Copyright Information of the Article Published Online
	TITLE
	Expression of B7-H4 and hepatitis B virus X in hepatitis B virus-related hepatocellular carcinoma

	AUTHOR(s)
	Bo Hong, Yun Qian, Hong Zhang, Yi-Wen Sang, Lin-Fang Cheng, Qi Wang, Song Gao, Min Zheng, Hang-Ping Yao

	CITATION
	Hong B, Qian Y, Zhang H, Sang YW, Cheng LF, Wang Q, Gao S, Zheng M, Yao HP. Expression of B7-H4 and hepatitis B virus X in hepatitis B virus-related hepatocellular carcinoma. World J Gastroenterol 2016; 22(18): 4538-4546

	URL
	http://www.wjgnet.com/1007-9327/full/v22/i18/4538.htm

	DOI
	http://dx.doi.org/10.3748/wjg.v22.i18.4538

	OPEN ACCESS
	This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/ Peer-review started: February 25, 2016

	CORE TIP
	Hepatitis B virus (HBV) is a major public health problem, and HBV-related hepatocellular carcinoma (HBV-HCC) has an extremely poor prognosis due to the lack of effective treatments. B7-H4 is a newly characterized member of the B7 superfamily that is actively involved in regulating the pathogenesis of tumors. However, the intrahepatic expression of B7-H4 in HBV-HCC patients has not been described. In this study, we found that the higher expression of HBx and B7-H4 was correlated with tumor progression of HBV-HCC. Therefore, B7-H4 may be involved in facilitating HBV-related hepatocarcinogenesis.

	KEY WORDS
	Hepatocellular carcinoma; Hepatitis B virus; Hepatitis B virus X; B7-H4; Immunohistochemistry

	COPYRIGHT 
	© The Author(s) 2016. Published by Baishideng Publishing Group Inc. All rights reserved.

	NAME OF JOURNAL
	World Journal of Gastroenterology

	ISSN
	1007-9327 (print) and 2219-2840 (online)

	PUBLISHER
	Baishideng Publishing Group Inc, 8226 Regency Drive, Pleasanton, CA 94588, USA

	WEBSITE
	http://www.wjgnet.com


Basic Study

Expression of B7-H4 and hepatitis B virus X in hepatitis B virus-related hepatocellular carcinoma

Bo Hong, Yun Qian, Hong Zhang, Yi-wen Sang, Lin-fang Cheng, Qi Wang, Song Gao, Min Zheng, Hang-ping Yao

Bo Hong, Department of Pathology, The Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310009, Zhejiang Province, China

Yun Qian, Yi-wen Sang, Qi Wang, Song Gao, Department of Clinical Laboratory, The Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310009, Zhejiang Province, China

Hong Zhang, Department of Gastroenterology, The First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310003, Zhejiang Province, China

Lin-fang Cheng, Min Zheng, Hang-ping Yao, State Key Laboratory for Diagnosis and Treatment of Infectious Diseases, Collaborative Innovation Center for Diagnosis and Treatment of Infectious Diseases, The First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310003, Zhejiang Province, China

Author contributions: Hong B worked on the acquisition, analysis, and interpretation of data; Zhang H, Sang Yw, and Wang Q carried out the cell experiments; Qian Y and Cheng Lf carried out the IHC staining experiments; Zheng M and Yao Hp designed the study and drafted the manuscript; all authors have read and approved the final manuscript.

Correspondence to: Dr. Hang-ping Yao, Professor, State Key Laboratory for Diagnosis and Treatment of Infectious Diseases, Collaborative Innovation Center for Diagnosis and Treatment of Infectious Diseases, The First Affiliated Hospital, Zhejiang University School of Medicine, 79 Qingchun Road, Hangzhou 310003, Zhejiang Province, China. yaohangping@zju.edu.cn
Telephone: +86-571-87236580   Fax: +86-571-87236582

Received: January 14, 2016   Revised: February 27, 2016   Accepted: March 18, 2016

Published online: May 14, 2016

Abstract

AIM: To investigate the expression and clinical signi​ficance of B7-H4 and hepatitis B virus X (HBx) protein in hepatitis B virus-related hepatocellular carcinoma (HBV-HCC).

METHODS: The expression of B7-H4 in the human HCC cell lines HepG2 and HepG2.2.15 were detected by western blot, flow cytometry, and immunofluorescence. The expression of B7-H4 and HBx in 83 HBV-HCC was detected by immunohistochemistry, and the relationship with clinicopathological features was analyzed. Paraffin sections were generated from 83 HBV-HCC patients (22 females and 61 males) enrolled in this study. The age of these patients ranged from 35 to 77 years, with an average of 52.5 ± 11.3 years. All experiments were approved by the Ethics Committees of the Second Affiliated Hospital, Zhejiang University School of Medicine.

RESULTS: B7-H4 was significantly upregulated in HepG2.2.15 cells compared to HepG2 cells. Specifically, the protein expression of B7-H4 in the lysates of HepG2 cells was more than that in HepG2.2.15 cells. In addition, HBx was expressed only in HepG2.2.15 cells. Similar data were obtained by flow cytometry. The positive rates of B7-H4 and HBx in the tissues of 83 HBV-HCC patients were 68.67% (57/83) and 59.04% (49/83), respectively. The expression of HBx was correlated with tumor node metastases (TNM) stage, and the expression of B7-H4 was positively correlated with HBx (rs = 0.388; P < 0.01). The expression level of B7-H4 in HBx-positive HBV-HCC tissues was substantially higher than that in HBx-negative HBV-HCC tissues. The expression level of B7H4 was negatively related to tumor TNM stage.

CONCLUSION: Higher expression of HBx and B7-H4 was correlated with tumor progression of HBV-HCC, suggesting that B7-H4 may be involved in facilitating HBV-related hepatocarcinogenesis.
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Core tip: Hepatitis B virus (HBV) is a major public health problem, and HBV-related hepatocellular carcinoma (HBV-HCC) has an extremely poor prognosis due to the lack of effective treatments. B7-H4 is a newly characterized member of the B7 superfamily that is actively involved in regulating the pathogenesis of tumors. However, the intrahepatic expression of B7-H4 in HBV-HCC patients has not been described. In this study, we found that the higher expression of HBx and B7-H4 was correlated with tumor progression of HBV-HCC. Therefore, B7-H4 may be involved in facilitating HBV-related hepatocarcinogenesis.

INTRODUCTION

More than 350 million people worldwide suffer from a persistent hepatitis B virus (HBV) infection and are at an increased risk of developing hepatitis, cirrhosis, and hepatocellular carcinoma (HCC)[1]. HCC is the fifth most common cancer and the third most common cause of death due to cancer worldwide[2]. No systemic therapy has been shown to improve survival, and recurrence is common, even for curative treatment. Therefore, there is a need to identify prognostic biomarkers and new therapeutic strategies. It has been shown that the majority of HBV-related HCC tissue samples contain integrated viral DNA[3]. Hepatitis B virus X (HBx) originates from the HBV genome and is a multifunctional regulatory protein. Although HBx does not bind directly to DNA, it can trans-activate gene transcription through multiple cis-acting elements[4,5]. HBx may be associated with the development of human HCC[6,7], but the precise mechanism of HBx in tumorigenic transformation of hepatocytes remains unclear.

The coregulatory molecules of the B7 family have an indispensable role in the immune regulation of several pathologies[8]. It has been reported that B7-H1 and B7-H4 are expressed in human tumors and that they may act as coregulatory inhibitors to inhibit T cell activation or to induce T cell apoptosis[9-11]. Furthermore, the expression of B7-H1 in hepatocarcinoma cells can be initiated by HBx, leading to T cell apoptosis and potentially facilitating the genesis of HCC[12].

B7-H4 (also named B7S1 or B7x), a member of the B7 superfamily[13,14], has been demonstrated to inhibit T cell activation, proliferation, and differentiation and to be inversely correlated with tumor T cell infiltration[15,16]. B7-H4 is widely prevalent in a variety of tumor tissues[10,17-21], but it is absent on the cell surface of most human normal somatic tissues[13]. Multiple studies have revealed that B7-H4 can downregulate tumor-reactive cytotoxic T lymphocyte (CTL) function[13] and that inhibition of B7-H4 with small interference RNA (siRNA) led to antitumor immunity and inhibition of tumor growth[17,22]. Therefore, B7-H4 has been suggested to play a key role in tumor progression and immune escape. Interestingly, recent data have demonstrated that B7-H4 expression was enhanced in cells infected with a virus, such as Epstein-Barr virus (EBV)[23] and HBV[24]. These results indicate that B7-H4 signaling may affect the pathogenesis of a viral infection, and a clear understanding of its functional role may further elucidate the disease process. Although the presence of B7-H4 in human tumors appears to be a general phenomenon, there are no clinical data available on the expression levels of B7-H4 in human HBV-HCC.

It is evident that both HBx and B7-H4 are involved in the pathogenesis of HBV-HCC. However, the relationship between these two proteins remains unknown. Therefore, we speculated that both HBx and B7-H4 would promote the survival of hepatocytes transfected with HBV malignant transformation and tumor development. To test this hypothesis, HepG2 cells, a human HCC cell line, were transfected with HBV (HepG2.2.15). We investigated the prognostic significance and clinical relevance of HBx and B7-H4 expression in a cohort of 83 HCC patients treated by a curative resection. 

MATERIALS AND METHODS
Cell lines
HepG2 cells derived from human HCC were purcha​sed from American Type Culture Collection (ATCC, Manassas, VA, United States) and were grown in Dulbecco’s Modified Eagle’ Medium (DMEM) culture media (Life Technologies Corporation, Gaithersburg, MD, United States) containing 100 IU/mL penicillin, 100 g/mL streptomycin (Life Technologies Corporation), and 10% fetal bovine serum (FBS, PAA, Morningside, Australia) at 37 ℃ in a humidified incubator with 5% CO2. 

HepG2.2.15 cells transfected with the complete HBV DNA and stably HBV-expressing hepatoma cells derived from HepG2 cells (firstly described by Sells et at 1987 and 1988)[25,26] were purchased from the Chinese Center For Type Culture Collection (CCTCC, Wuhan, China) and were grown in DMEM culture media containing 300 g/mL G418 (Promega, Madison, WI, United States), 100 IU/mL penicillin, 100 g/mL streptomycin, and 10% FBS at 37 ℃ in a humidified incubator with 5% CO2.
Antibodies

Mouse monoclonal antibody (3E8 mAb) specific for human B7-H4 was previously described[27]. Rabbit anti-HBx antibody was purchased from Abcam (Cambridge, MA, United States). Horseradish peroxidase (HRP)-conjugated rabbit anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) monoclonal antibody was purchased from Cell Signaling Technology (Danvers, MA, United States). HRP-conjugated goat anti-mouse IgM, goat anti-mouse IgG, and goat anti-rabbit IgG antibodies were purchased from Santa Cruz Biote​chnology (Dallas, TX, United States). Alexa Fluor® 488 goat anti-mouse IgM antibody was purchased from Invitrogen (Life Technologies Corporation). 

Cell lysis

Cells were lysed using cell lysis buffer containing 2 mmol/L Tris-HCl, pH 7.5, 15 mmol/L NaCl, 0.1 mmol/L Na2EDTA, 0.1 mmol/L EGTA, 0.1% Triton X-100, 0.25 mmol/L sodium pyrophosphate, 0.1 mmol/L beta-glycerophosphate, 0.1 mmol/L Na3VO4, and 0.1 g/mL leupeptin (Cell Signaling Technology). Samples containing 1 × 106 cells were lysed in 200 L cell lysis buffer for 30 min at 4 ℃ and then clarified by centri​fugation at 8000 g for 10 min. Protein concentration was determined using a bicinchoninic acid (BCA) protein assay kit (Pierce, Rockford, IL, United States), with bovine serum albumin (BSA) as the standard.

Western blot analysis

Cell lysate preparation and western blot were performed as described previously[27]. Briefly, cell lysates were denatured for 10 min at 95 ℃ with sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer, electrophoresed on 10% SDS-PAGE gels, and transferred to polyvinylidene difluoride (PVDF) membranes. Membranes were blocked with 5% nonfat milk in Tris-buffered saline with Tween [TBST 20 mmol/L Tris-HCl, pH 7.5, 150 mmol/L NaCl, and 0.05% (v/v) Tween 20] and then incubated with specific antibodies at 4 ℃ overnight. After thoroughly washing, blots were incubated with HRP-conjugated secondary antibody for 1 h at room temperature. Protein band intensity was analyzed using enhanced chemiluminescence (ECL) reagents (Millipore, Billerica, MA, United States) and a VersaDoc MP5000 imaging system (Bio-Rad, Hercules, CA, United States).

Flow cytometry analysis

Each sample of cells (2 × 106) was incubated with 3E8 mAb for 1 h at 4 ℃, followed with Alexa Fluor® 488 goat anti-mouse IgM antibody for 30 min at 4 ℃. Normal mouse IgM was used as an antibody control. Cells were washed twice, and samples were analyzed using a flow cytometer (FACScan, San Jose, CA, United States) by flowjo7.6. 

Immunofluorescence detection 

Cell samples were fixed in ice-cold 3%-4% para​formaldehyde in phosphate buffered saline (PBS) (pH 7.4) for 15 min at room temperature, incubated for 10 min with PBS containing 0.25% Triton X-100, and then incubated with 1% BSA in PBS with Tween (PBST) for 30 min. Cells were then incubated in the diluted 3E8 mAb in 1% BSA in PBST in a humidified chamber overnight at 4 ℃. Normal mouse IgM was used as an antibody control. After thorough washing, cells were incubated with Alexa Fluor® 488 goat anti-mouse IgM antibody in 1% BSA for 1 h at room temperature in the dark and then rinsed with PBS. Cells were incubated with 3 ng/mL 4’,6-diamidino-2-phenylindole (DAPI, Invitrogen, Life Technologies Corporation) for 10 min, mounted with ProLong Gold Antifade Reagent (Invitrogen, Life Technologies Corporation), and observed under an Olympus 1X81 fluorescence microscope (Center Valley, PA, United States) microscopy using filters for fluorescein isothiocyanate (FITC) and DAPI.

Immunohistochemical staining

HBV-HCC tissue microarrays were obtained from Alenabio Biotechnology Co., LTD (Shanxi, China) for immunohistochemical (IHC) staining. Clinical and pathological information for individual cancer samples was provided by the array manufacturers (for details see www.alenabio.com). Paraffin sections of tumors were obtained from 83 HBV-HCC patients (22 females and 61 males) enrolled in this study. Informed consent for this study was obtained from each patient. The age of these patients ranged from 35 to 77 years, with an average of 52.5 ± 11.3 years. Tumor grade was divided into three categories: tumor grade I is well-differentiated, low grade malignant; tumor grade Ⅱ is moderately-differentiated, intermediate grade malignant; tumor grade Ⅲ is poorly-differentiated, high grade malignant. TNM stage refers to the Tumor Node Metastasis stage. All of these experiments were approved by the Ethics Committees of the Second Affiliated Hospital, Zhejiang University School of Medicine. IHC staining was performed on mouse tumor tissues as previously described[27]. Briefly, tissues were labeled using primary antibodies specific for B7-H4 and HBx, and antibody binding was detected using EnVision System reagents (DAKO, Glostrup, Denmark). Semi-quantitative measurements of staining intensity (0-3, least intense to most intense), and the proportion of stained cells (0-4, no cells stained to more than 70% cells stained) were determined as previously described[27]. A combined score of ≥ 2 was considered to indicate positive expression. All slides were scored by two researchers blinded to the pathological and clinical features. 

Statistical analysis

All experiments were performed in triplicate. Diffe​rences in positive rates between groups were deter​mined using a 2 test (SPSS 18, IBM Corporation, New York, NY, United States). Differences of B7-H4 expression between groups were determined using a Student’s t-test. A correlation analysis was determined using Spearman correlation coefficients. Statistical significance was set at P < 0.05.

RESULTS

Detection of B7-H4 expression by Western blot and flow cytometry

The expression of B7-H4 in lysates of HepG2 and HepG2.2.15 cells was determined by western blot (Figure 1a). The results revealed that HBx was expressed in HepG2.2.15 cells but not in HepG2 cells. Moreover, the expression level of B7-H4 was signifi​cantly higher in HepG2.2.15 cells compared with HepG2 cells, consistent with results from the flow cytometry analysis (P < 0.01, Figure 1b).

Detection of B7-H4 expression by immunofluorescence staining
The immunofluorescence assay confirmed that the immunoreactivity for B7-H4 was strong in HepG2.2.15 cells. In contrast, the immunoreactivity for B7-H4 was virtually absent in HepG2 cells (Figure 2). Moreover, B7-H4 was diffusely expressed either in the membrane or the cytoplasm of HepG2.2.15 cells.

Expression and clinical significance of B7-H4 and HBx in HBV-related hepatocellular carcinoma

Immunohistochemical analysis detected the expres​sion of B7-H4 and HBx in HBV-HCC tissues. Among the 83 HBV-HCC tissue samples examined, the positive rates of B7-H4 and HBx were 68.67% (57/83) and 59.04% (49/83), respectively. Statistical analysis revealed that the positive rates of HBx were correlated with the tumor TNM stage (P < 0.01) but not with patient’s age, sex, or tumor grade. The positive rate of HBx expression in TNM stage Ⅲ/Ⅳ tissues was 75.56% (34/45), substantially higher than the 39.47% in TNM stage Ⅰ/Ⅱ tissues (15/38, P < 0.01; Table 1). The positive rates of B7-H4 expression in HBV-HCC tissues were not correlated with patient’s age, sex, tumor grade, or tumor TNM stage.

Correlation between B7-H4 and HBx in HBV-related hepatocellular carcinoma
The positive rate of B7-H4 in HBx-positive HBV-HCC tissues 83.67% (41/49) was significantly higher than the 47.06% in HBx-negative HBV-HCC tissues (16/34, P < 0.01). The expression of B7-H4 was positively correlated with HBx (rs = 0.388, P < 0.01).

Furthermore, the effect of HBx on the expression level of B7-H4 in HBV-HCC tissues was analyzed (Table 2). B7-H4 expression with scores of 3.43 ± 1.68 in HBx-positive HBV-HCC tissues was substantially higher than that in HBx-negative HBV-HCC tissue scores of 1.81 ± 1.30 (P < 0.01). The expression level of B7-H4 in HBx-positive HBV-HCC tissues was not related to patient’s age, sex, or tumor grade. However, a slight decrease was seen in TNM Ⅲ/Ⅳ samples (3.12 ± 1.63), and this difference was statistically significant in comparison with that of the TNM Ⅰ/Ⅱ samples (4.13 ± 1.51, P < 0.05; Figure 3).

DISCUSSION

HBV infection is the primary cause of liver disease that has the potential to develop HCC[3,28]. Although the pathogenic mechanisms of HBV-HCC are not clear, it has been reported in many studies that immune-mediated hepatocyte malignant transformation might play a key role. HCC has poor immunogenicity, partly due to poor antigen expression, the lack of costimulatory molecules to positively regulate T cell immune responses[29], and an increased number of costimulatory molecules that negatively regulate T cell immune response[30]. 

There is accumulating evidence that immuno​therapy may become a powerful therapeutic option for HCC patients[31]. Stimulating or eliminating inhibitory T cell signaling to enforce antitumor responses is central to immune-based therapies to eradicate human cancers. It is clear that costimulatory molecules play pivotal roles in regulating the immune response and are engaged in the pathogenesis of many diseases, especially chronic virus infection and tumor development[32]. B7-H4 is a member of the B7 family, and its mRNA is broadly expressed in many tissues[13,14]. In addition to the inhibition of T cell tolerance, our previous data showed that B7-H4 was also involved in the regulation of cellular tumor apoptosis[22]. More importantly, after performing a multivariate adjustment for conventional prognostic factors, elevation in B7-H4 expression was a significant predictor of tumor recurrence[33]. The expression and distribution of B7-H4 in HCC tissues from HBV patients has not been previously reported. In this study, we found that the expression of B7-H4 was significantly increased in HCC cells transfected with HBV compared with control HCC cells. A high percentage of B7-H4 positive staining was observed in a subset of HBx-positive HBV-HCC tissues and was significantly associated with the TNM stage of HCC and level of HBx expression. Thus, HBx and B7-H4 may jointly promote the development of HBV-HCC and prove useful for the clinical evaluation of HBV-HCC patients, especially to identify high-risk patients who are at increased risk of cancer progression.

Although several studies have examined the role of B7-H4 in tumor immunity, the pathophysiologic function of B7-H4 has yet to be fully elucidated. In the present study, we found a detrimental role for B7-H4 in HBV-HCC patients. Costimulatory molecules, including vascular cell adhesion molecule (VCAM)-1[34], cluster of differentiation (CD)40[35], CD28, and programmed death (PD)-1[36] as well as several members of the B7 superfamily (e.g., B7-1, B7-2[29], B7-H1[12,30], and B7-H3[37]), have been reported to be expressed in HCC tissues. These costimulatory molecules could provide positive (VCAM-1, CD28, CD40, B7-1, and B7-2) or negative (PD-1 and B7-H1) signals to local T cells response and regulate the pathogenesis of HCC. It has been reported that HBeAg suppresses the specific cellular immunity that clears the virus by upregulating B7-H1 expression, eventually leading to immune tolerance to HBV infection[38]. B7-H4 was described to be a membrane costimulatory ligand of the B7 superfamily, which is involved in the downregulation of T cell activation under certain circumstances. Ectopic B7-H4-Ig may protect animals from liver injury induced by concanavalin A (ConA), which could be associated with reduced serum levels of interleukin (IL)-2, interferon (IFN)-gamma, and IL-4 as well as enhanced IL-10 production[39]. Thus, B7-H4 may lead to immune tolerance to HBV infection and play an important role in immune suppression in chronic HBV-HCC patients. In addition to surface location, intracellular expression of B7-H4 has been reported in primary ovarian tumor cells[9], with similar expression levels to what we observed here in HBV-HCC (Figures 2 and 3). However, we also found that B7-H4 was an intracellular protein that was upregulated in HBV-HCC patients. This expression pattern suggests that B7-H4 might possess functions that are different from other cell surface molecules of the B7 family, which were previously reported to a play role in the pathogenesis of cancers by inhibiting the T cell-mediated immune response. Our previous results indicated that intracellular B7-H4 enhanced oncogenicity and inhibited apoptosis in pancreatic cancer cells[22]. In addition, Salceda et al[17] suggested that the expression of B7-H4 on breast cancer cell surface acts as an anti-apoptosis molecule that inhibits tumor apoptosis and ultimately protects tumors from cell-mediated immune surveillance. Furthermore, B7-H4 expression was enhanced in B cells infected with EBV, and the engagement of B7-H4 initially increased the levels of intracellular ROS, which induced the expression of FasL and subsequently aroused Fas-mediated and caspase-dependent apoptosis of EBV-transformed B cells[23]. These results together with our previous data indicate that B7-H4 signaling is involved in regulating cell apoptosis and that intracellular B7-H4 might possess an anti-apoptotic effect in HCC cells. Additional research is needed to determine if this effect is a function of B7-H4.

Interestingly, the expression of B7-H4 in HBx-positive HBV-HCC tissues was negatively correlated with the TNM stage. The epitope binding to the 3E8 mAb of B7-H4 may be altered. It has been reported that some cell surface adhesive proteins, such as mucin 4 (MUC4), can mask the human epidermal growth factor receptor (HER)2 receptor and inhibit Herceptin binding to HER2 through a stereospecific blockade, leading to Herceptin resistance[40]. Genetic mutations of epidermal growth factor receptor lead to gefitinib resistance[41]. Thus, we suspected that an epitope change of B7-H4 might be involved in immune-mediated tumor escape, thereby contributing to tumor development. Moreover, there was extensive necrosis in the advanced stage HBV-HCC tissues, leading to a decrease in the expression level of B7-H4. The mechanism by which this process occurs will be persued as an anvenue of future research.

In conclusion, our results indicate that B7-H4 is highly expressed in human HBx-positive HBV-HCC tissues and is associated with the TNM stage. Therefore, HBx and B7-H4 may play important roles in the development of HBV-HCC. In addition, B7-H4 may be involved in HBx-induced hepatocarcinogenesis, and an increased understanding of the functional roles of B7-H4 could aid in clarifying the mechanism of HBx in HBV-HCC. Furthermore, targeting B7-H4 may present a novel strategy by which disease diagnosis or immunotherapy against HBV infection can be achieved.

COMMENTS

Background

Hepatitis B virus-related hepatocellular carcinoma (HBV-HCC) has an extremely poor prognosis due to the lack of effective treatments. B7-H4 is a newly characterized member of the B7 superfamily of proteins, which are actively involved in regulating the pathogenesis of tumors. It is clear that both hepatitis B virus X (HBx) and B7-H4 are involved in the pathogenesis of HBV-HCC. However, the intrahepatic expression of B7-H4 in HBV-HCC patients has not been described.
Research frontiers

HBx originates from the HBV genome and is a multifunctional regulatory protein. Although HBx does not bind directly to DNA, it can trans-activate gene transcription through multiple cis-acting elements. HBx was thought to be associated with the development of human HCC. It has been reported that B7-H4 is expressed in human tumors and is implicated as coregulatory inhibitors that may inhibit T cell activation or induce T cell apoptosis upon antigen recognition. B7-H4 expression was enhanced in cells infected with a virus, such as Epstein-Barr virus (EBV) and HBV. B7-H4 signaling is most likely to affect the pathogenesis of a viral infection and a clear understanding of its functional role may further elucidate the disease process. Although the presence of B7-H4 in human tumors appears to be a general phenomenon, there is little available on the expression level of B7-H4 in human HBV-HCC.

Innovations and breakthroughs

In this article, the authors reached the conclusion that co-inhibitory molecules, such as B7-H4, are always involved in HBx-induced hepatocarcinogenesis. Targeting B7-H4 may represent a novel strategy by which disease diagnosis or immunotherapy against HBV infection can be achieved.

Applications

Based on these data, the authors concluded that B7-H4 is highly expressed in human HBx-positive HBV-HCC tissues and is associated with TNM stage. Therefore, HBx and B7-H4 may play an important role in the development of HBV-HCC. In addition, B7-H4 may be involved in HBx-induced hepato​carcinogenesis, and an increased understanding of the functional roles of B7-H4 could aid in clarifying the mechanism of HBx in HBV-HCC. This study provides new insight into the function of a coinhibitory signaling pathway during the clinical course of HBV-HCC.

Peer-review

The authors have presented a highly interesting study. The design, interpretation, and presentation of their study are well performed.
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FIGURE LEGENDS

Figure 1  Expression of B7-H4 in HepG2 and HepG2.2.15 cells. A: Detection of B7-H4 expression by western blot. The expression level of B7-H4 and HBx was shown by the relative density ratio of B7-H4 and GAPDH; B: Detection of B7-H4 expression by flow cytometry. bP < 0.01, HepG2.2.15 vs HepG2 cells. HBx: Hepatitis B virus X; GAPDH: Reduced glyceraldehyde-phosphate dehydrogenase.
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Figure 2  Expression of B7-H4 in HepG2 and HepG2.2.15 cells determined by immunofluorescence staining. Immunofluorescence detection of B7-H4 in HepG2 and HepG2.2.15 cells was stained with 3E8 mAb followed with Alexa Fluor® 488 goat anti-mouse IgM antibody (green). Nuclei were stained with DAPI (blue). Changes in cell morphology were recorded with a light microscope at 200 × magnification.
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Figure 3  Expression of B7-H4 and hepatitis B virus X in hepatitis B virus related hepatocellular carcinoma tissues detected by immunohistochemical staining. Paraffin sections were generated from 83 hepatitis B virus related hepatocellular carcinoma (HBV-HCC) patients (22 females and 61 males) were enrolled in this study. The age of these patients ranged from 35 to 77 years, with an average of 52.5 ± 11.3 years. HBV-HCC tissues were subjected to IHC staining using antibodies specific for B7-H4 and HBx and recorded with a light microscope at 200 × magnification. HBx: Hepatitis B virus X; IHC: Immunohistochemical.
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Table 1  Expression and clinical significance of B7-H4 and hepatitis B virus X in hepatitis B virus-related hepatocellular carcinoma


�
HBx�
2/P�
B7-H4�
2/P�
�
�
No. of positive�
No. of negative�
�
No. of positive�
No. of negative�
�
�
Gender�
�
�
�
�
�
�
�
   Male�
39�
22�
2 = 2.28�
42�
19�
2 = 0.00�
�
   Female�
10�
12�
P > 0.05�
15�
  7�
P > 0.05�
�
Age (yr)�
�
�
�
�
�
�
�
   ≤ 50�
21�
21�
2 = 2.87�
25�
17�
2 = 3.31�
�
   > 50�
28�
13�
P > 0.05�
32�
  9�
P > 0.05�
�
Tumor grade�
�
�
�
�
�
�
�
   Ⅰ/Ⅱ�
36�
24�
2 = 0.08�
39�
21�
2 = 1.36�
�
   Ⅲ�
13�
10�
P > 0.05�
18�
  5�
P > 0.05�
�
TNM stage�
�
�
�
�
�
�
�
   Ⅰ/Ⅱ�
15�
23�
2 = 11.09�
23�
15�
2 = 2.16�
�
   Ⅲ/Ⅳ�
34�
11�
P < 0.01�
34�
11�
P > 0.05�
�
HBx: Hepatitis B virus X; HBV: Hepatitis B virus.





Table 2  Expression and clinical significance of B7-H4 in hepatitis B virus X-positive hepatitis B virus X-related hepatocellular carcinoma


�
HBx-positive�
P value�
�
�
B7-H4 expression scores�
Case No.�
�
�
Gender�
�
�
�
�
   Male�
3.28 ± 1.65�
39�
> 0.05�
�
   Female�
4.00 ± 1.56�
10�
�
�
Age (yr)�
�
�
�
�
   ≤ 50�
3.14 ± 1.62�
21�
> 0.05�
�
   > 50�
3.64 ± 1.66�
28�
�
�
Tumor grade�
�
�
�
�
   Ⅰ/Ⅱ�
3.33 ± 1.67�
36�
> 0.05�
�
   Ⅲ�
3.69 ± 1.60�
13�
�
�
TNM stage�
�
�
�
�
   Ⅰ/Ⅱ�
4.13 ± 1.51�
15�
< 0.05�
�
   Ⅲ/Ⅳ�
3.12 ± 1.63�
34�
�
�
HBx: Hepatitis B virus X; HBV: Hepatitis B virus.
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