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Abstract
BACKGROUND 
[bookmark: OLE_LINK293][bookmark: OLE_LINK294][bookmark: OLE_LINK304][bookmark: OLE_LINK368][bookmark: OLE_LINK374][bookmark: OLE_LINK297][bookmark: OLE_LINK298][bookmark: OLE_LINK369][bookmark: OLE_LINK370][bookmark: OLE_LINK373][bookmark: OLE_LINK305][bookmark: OLE_LINK306]Recent evidence has indicated the role of B cells and B cell-activating factor (BAFF) in the development of hepatocellular carcinoma (HCC). 

AIM 
[bookmark: OLE_LINK377]To characterize circulating BAFF receptor expression and B cell subpopulations in patients with hepatitis B virus (HBV)-related HCC.

METHODS 
Peripheral blood samples collected from 41 patients with chronic HBV infection (25 patients without HCC and 16 patients with HCC) and 9 healthy controls were assessed for BAFF receptors [BAFF-R(B cell-activating factor receptor), transmembrane activator and cyclophilin ligand interactor, B-cell maturation antigen] and B cell subpopulations by multicolor flow cytometry.

RESULTS 
The frequency of BAFF-R expressing B cells to total B cells was significantly lower in patients with HCC (3.39% ± 2.12%) compared with the non-HCC group (5.37% ± 1.90%) and healthy controls (6.23% ± 2.32%), whereas there was no difference in transmembrane activator and cyclophilin ligand interactor and B-cell maturation antigen. The frequencies of CD27+IgD+ memory B cells, CD27+IgD- class-switched memory B cells and plasmablasts were significantly lower in the patients with HCC compared to patients without HCC (1.23 ± 1.17 vs 3.09 ± 1.55, P = 0.001, 0.60 ± 0.44 vs 1.69 ± 0.86, P <0.0001 and 0.16 ± 0.12 vs 0.37 ± 0.30, P = 0.014, respectively). However, the ratio of naïve and transitional B cell did not differ significantly between the three groups. In addition, decreased BAFF-R expression on B cells was significantly correlated with large tumor size and advanced tumor stage.

CONCLUSION 
[bookmark: _Hlk11850351]Our data demonstrated BAFF-R expression was reduced in B cells that involved with the frequencies of B cells maturation in patients with HCC. The depletion of BAFF-R might play an important role in the development of HCC in patients with chronic HBV infection.

[bookmark: OLE_LINK190][bookmark: OLE_LINK191][bookmark: OLE_LINK192][bookmark: OLE_LINK193]Keywords: B cells; Hepatitis B virus; Hepatocellular carcinoma; B cell-activating factor receptor
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[bookmark: OLE_LINK194][bookmark: OLE_LINK197][bookmark: OLE_LINK16]Core tip: This study explored the expression of B cell-activating factor receptor (BAFF-R) and B cell subpopulations in patients with hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC). Our data showed that BAFF-R expression was significantly lower in patient with HCC compared with non-HCC and healthy controls. In addition, the frequencies of CD27+IgD+ memory B cells, CD27+IgD- class-switched memory B cells and plasmablasts were significantly lower in the patients with HCC compared to patients without HCC. In addition, decreased BAFF-R expression was significantly correlated with tumor size and tumor stage. This study is the first report suggesting that the depletion of BAFF-R in B cells might be responsible for B cell maturation in patients with HBV-related HCC.


INTRODUCTION
[bookmark: OLE_LINK365][bookmark: OLE_LINK364][bookmark: OLE_LINK366][bookmark: OLE_LINK367]Hepatocellular carcinoma (HCC) represents one of the most common malignant tumors worldwide, especially in East and Southeast Asian countries, where hepatitis B virus (HBV) infection is highly prevalent[1]. In Thailand, the incidence of liver cancer is approximately 38.6 and 17.2 per 100,000 person-years, respectively and at least 50%-60% of all HCC cases are attributable to chronic HBV infection[2]. Hepatocarcinogenesis is a complex multistep process involving the persistence of liver damage and inflammation, which results in a distinctive sequence of chronic hepatitis, cirrhosis and finally HCC development[3]. As chronic inflammation is a crucial driver of disease progression, accumulative evidence has indicated that immune-mediated host-virus interactions play an essential role in the development of HBV-related HCC[4]. While the importance of T-cell immunity has been well documented, the role of B cells in HCC progression is not yet completely understood and needs further investigation. 
[bookmark: OLE_LINK328][bookmark: OLE_LINK329][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK371][bookmark: OLE_LINK372][bookmark: OLE_LINK334][bookmark: OLE_LINK335][bookmark: OLE_LINK360][bookmark: OLE_LINK361][bookmark: OLE_LINK362][bookmark: OLE_LINK363][bookmark: OLE_LINK13][bookmark: OLE_LINK358][bookmark: OLE_LINK359][bookmark: OLE_LINK336][bookmark: OLE_LINK337][bookmark: OLE_LINK338]	B cells are classically known to stimulate immune response via the activation of T cells and antibody production[5]. The activation of specific B cells results in the proliferation and development of memory B cells and antibody-producing plasma cells, which are beneficial to neutralize and control active viral replication. The survival of B cells depends on the expression of a functional B cell receptor and signals from B cell-activating factor (BAFF), a member of the tumor necrosis factor (TNF) superfamily[6]. This cytokine binds to three receptors expressed on B cells including BAFF receptor (BAFF-R), transmembrane activator and cyclophilin ligand interactor (TACI) and B-cell maturation antigen (BCMA). In general, BAFF-R activates downstream pathways that regulate survival and maturation of B cells, TACI induces immunoglobulin (Ig) class switching, whereas BCMA promotes plasma B cells survival[7]. Human B cells are comprised of distinct phenotypic and functional subpopulations characterized based on different developmental stages such as transitional, naïve, memory B cells and plasmablasts. Since BAFF receptors and B cell subsets play diverse but crucial roles in modulating B cell function, analysis of their expression and subpopulation frequencies could provide more insights into the immunological characteristics of B cell selection in patients with HCC.
Recent evidence has suggested that B cells exhibit dual biological effects in promoting and inhibiting the development and progression of several cancers[8]. Regarding HCC, a previous study showed that increased percentage of circulating B cells was found in individuals with advanced HCC compared with early tumor staging[9]. Recently, it was also demonstrated that tumor infiltrating B cells was associated with disease prognosis in patients with HBV-related HCC[10]. Moreover, the close proximity and interaction of tumor-infiltrating T cells and B cells suggested an increased immune activation that might contribute to better prognosis in patients with HCC[11]. In addition, we recently reported that plasma BAFF levels significantly increased in patients with HBV-related HCC compared with the non-HCC group and healthy controls[12]. Together, these data suggest that B cells and BAFF may play an important role in HCC development and progression in patients with chronic HBV infection. So far, the phenotypes of circulating B-cell subtypes in patients with HBV-related HCC have not been well characterized. 
In the present study, we aimed to compare the expression of BAFF receptors and the distribution of B cell subsets in the peripheral blood of patients with HBV-related HCC compared to individuals without HCC and healthy controls. Our data showed that BAFF-R expression was significantly reduced in B cells that involved with the frequencies of B cells maturation in patients with HCC. Interestingly, decreased BAFF-R expression was significantly associated with progressive HCC including large tumor size and advanced cancer stage.

MATERIALS AND METHODS 
Patients 
A total of 50 participants including 41 patients with chronic HBV infection (25 without HCC and 16 with HCC) and 9 healthy individuals were recruited from King Chulalongkorn Memorial Hospital and blood donors at National Blood Centre Thai Red Cross Society, Bangkok, Thailand, respectively. The diagnosis of chronic HBV infection was confirmed by the presence of serum hepatitis B s antigen (HBsAg) at least 6 mo. Patients with co-infection with hepatitis C virus (HCV) and/or human immunodeficiency virus (HIV) were not included in this study. In addition, patients with evidence of other malignancies or autoimmune disorders were excluded. 
[bookmark: OLE_LINK307][bookmark: OLE_LINK308][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Patients in the HCC group were diagnosed on the basis of typical imaging studies and/or histopathology (fine needle aspiration, core liver biopsy or surgical resection) according to the standard guideline[13]. Diagnostic criteria of HCC by imaging studies were based on findings of focal hepatic lesions with hyperattenuation at the arterial phase, hypoattenuation at the portal phase in dynamic CT or MRI. The clinical parameters of patients with HCC at initial diagnosis were collected, which included sex, age, liver function tests, serum alpha-fetoprotein (AFP) level and HCC staging classified by the Barcelona Clinic Liver Cancer (BCLC) system[14]. 
[bookmark: _Hlk34224553]The study was approved by the Institutional Review Board of the Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand (IRB no. 438/60) and participants had provided written informed consent. The study followed the Helsinki Declaration and Good Clinical Practice guidelines.

Flow cytometry staining
All blood samples were collected in sodium heparin tube and peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll-Hypaque density gradient centrifugation using Percoll PLUS density gradient media (GE Healthcare, Philadelphia, Pennsylvania, PA, USA) at 1,500 rpm for 30 min at room temperature. PBMCs were washed twice with Hank’s balanced salt solution (HBSS) (GIBCO, New York, NY, USA) with 5% fetal bovine serum (FBS) and 100 U/mL penicillin and 100 μg/mL streptomycin. Total lymphocytes were counted and stored at liquid nitrogen before analysis.
[bookmark: _Hlk12436979]	Cryopreserved PBMCs from each patient were defrosted and added in complete in RPMI1640 Medium (GIBCO, New York, NY, USA) supplement with 10% FBS. At least 200,000 cells were stained with combinations of antibodies including anti-CD19-PE, anti-CD38-FITC, anti-IgD-PerCP-Cy5.5, anti-CD27 Alexa Fluor 700, anti-CD24 PE-CyTM7 (BD Biosciences, San Jose, CA, USA), anti-CD268 (BAFFR)-APC, anti-CD267 (TACI)-APC and anti-CD269 (BCMA)-APC (BioLegend, San Diego, CA, USA). The cells were re-suspended in the buffer before performed flow cytometry using BD LSR II Flow Cytometry Analyzer (BD Biosciences, San Jose, CA, USA). Flow cytometry data were analyzed with Flowjo software version 10 (Tree star, Ashland, Oregon, USA).

Assays of plasma BAFF levels and HBV markers 
Plasma BAFF levels were determined by ELISA (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's protocol. Qualitative hepatitis B s antigen (HBsAg) was measured by commercially available enzyme-linked immunosorbent assays (Abbott Laboratories, Chicago, IL). Serum HBV DNA levels were quantified by Abbott Real Time HBV assay (Abbott Laboratories). 

Statistical Analysis
Statistical analysis was performed by using SPSS version 22 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism v5.0 (GraphPad Software, San Diego, CA). Values were presented as mean ± standard deviation (SD), and percentages as appropriate. The statistical significance among groups was assessed by using the Kruskal-Wallis test, followed by multiple comparison test. The correlation data were analyzed by Spearman’s rank test. The P value less than 0.05 was considered statistically significant.

RESULTS 
Demographic and clinical characteristics of patients
Baseline clinical characteristics of 9 healthy controls and 41 patients with chronic HBV infection (25 patients without HCC and 16 patients with HCC) are summarized in Table 1. Patients in each group were significantly older than healthy controls (P < 0.001). However, there was no difference in mean age distribution among groups of patients. Compared with the non-HCC group, patients with HCC had significantly lower mean hematocrit, platelet counts and serum albumin. However, there was no significant difference among groups in terms of other baseline clinical parameters.

Plasma BAFF levels and BAFF receptor expression
Patients with HCC had significantly higher mean plasma BAFF levels compared with those without HCC (1,208.8 ± 386.1 vs 914.8 ± 159.3 pg/mL; P = 0.042) (Table 1), which confirmed our recent report[12]. Percentages of total B cells in peripheral blood among the studied groups were not different, although there was a trend of higher total B cells in the HCC group compared with the non-HCC group (20.09% ± 10.37% vs 15.03% ± 4.09%, P = 0.079, Supplement Figure S1). The expression of BAFF receptors including BAFF-R, TACI and BCMA were further investigated (Figures 1 and 2). We found that there was a significantly decreased in percentage of BAFF-R expressing B cells in the HCC group (3.39% ± 2.12%) compared with the non-HCC group (5.37% ± 1.90%; P = 0.004) and healthy controls (6.23% ± 2.32%; P = 0.006). However, the percentage of BAFF-R expressing B cells was similar between the non-HCC group and controls (P = 0.28). In addition, the frequencies of TACI and BCMA expressing B cells were not significantly altered among the studied groups. 

Analysis of B cell subpopulations 
[bookmark: _Hlk18935555]An in-depth analysis of B cell subpopulations was further analyzed in patients with or without HCC and in healthy controls. B cell population characteristics and gating strategy are shown in Figure 1. Overall, the absolute number of CD19+ B cells was not significantly different between groups. However, the frequency of IgD memory B cells (CD27+IgD+) were significant reduced in patients with HCC compared with the non-HCC individuals (1.23% ± 1.17% vs 3.09% ± 1.56%; P = 0.001) (Figure 3A and B). A significantly lower number of class-switched memory B cells (CD27+IgD-) in patients with HCC (0.60% ± 0.44%) was also observed when compared with patients without HCC (1.69% ± 0.86%; P < 0.001) and healthy controls (1.45% ± 0.81%; P = 0.019) (Figure 3A and C). Moreover, the frequency of plasmablasts was significantly decreased in the HCC group compared with the non-HCC group (0.16% ± 0.12% vs 0.37% ± 0.30%; P = 0.014) (Figure 4A). However, no significant difference between groups was found regarding the frequencies of naïve and transitional B cells (Figures 3A, D and 4B).

Clinical correlation of BAFF-R 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK12]The clinical correlations of BAFF-R expression were further investigated in patients with HCC. Our results showed that BAFF-R had positive correlation with hematocrit (r = 0.550, P = 0.029), white cell count (r = 0.518, P = 0.042) and serum albumin (r = 0.604, P = 0.032). In contrast, BAFF-R exhibited negative correlation with patient’s age (r = -0.533, P = 0.033), serum AFP (r = -0.557, P = 0.034) and tumor size (r = -0.542, P = 0.032) (Figure 5A-E). BAFF-R did not significantly correlate with other clinical parameters including platelet counts, international normalized ratio (INR), total bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), and HBV DNA level. Regarding tumor staging, BAFF-R expression in patients in advanced BCLC stage (stage C) was significantly lower than that of patients with earlier tumor stages (stages A and B) (1.61% ± 0.71% vs 4.73% ± 3.14%, P = 0.007) (Figure 5F).

DISCUSSION 
Chronic HBV infection is a complex infectious disorder characterized by immune-mediated liver inflammation, which results in repeated destruction and regeneration of hepatocytes, and ultimately leads to the development of HCC[3]. Overall, HBV-related HCC is a leading cause of cancer death in Thailand and other Asian countries, with a very poor prognosis because of its aggressiveness and high recurrence rates[15]. As a result, a better understanding regarding the molecular mechanisms and progression of HCC is highly needed. Among several immunological factors associated with hepatocarcinogenesis, it is likely that B cells and BAFF may contribute to disease progression and HCC development in patients with chronic HBV infection[10]. In this context, we previously demonstrated that higher expression of plasma BAFF was linked to disease severity and overall survival in HBV-related HCC[12]. However, the role of BAFF receptors and distribution of circulating B-cell subtypes in HCC remains unclear. 
In the present study, we explored the expression of BAFF receptors including BAFF-R, TACI and BCMA, which are expressed almost exclusively on B cells[7]. Interestingly, we found that the percentage of B cells expressing BAFF-R was significantly decreased in patients with HBV-related HCC compared with HBV patients without HCC and healthy controls. However, frequencies of TACI and BCMA on B cells were not significantly altered among groups. Thus, these results might indicate that BAFF-R but not TACI and BCMA play an important role in HCC development in patients with chronic HBV infection. In fact, BAFF-R is clearly a key receptor involved in the successful survival and maturation of B cells[16]. Previous studies have demonstrated that BAFF-R is important not only in B cell development, but also is the major mediator of BAFF-dependent co-stimulatory responses in peripheral B and T cells[17]. Similarly to the study of BAFF-R-deficient mice, BAFF-R is crucial for the development of B cells up to the stage of IgM+ immature/transitional B cells but cannot complete maturation in the spleen[18]. Moreover, BAFF-R is considered to be the most important receptor due to its critical role in regulatory B cells (Bregs) survival[19]. As previously demonstrated, targeting of BAFF-R in patients with precursor B-lineage acute lymphoblastic leukemia (B-ALL) could significantly impact the survival and basal proliferation of leukemia B-cell precursors[20]. Moreover, downregulation of circulating BAFF-R was shown to be associated with disease activity in patients with in patients with autoimmune disorders[21]. In this study, we also demonstrated that decreased BAFF-R expression on B cells was significantly correlated with tumor size and more advanced BCLC stages, indicating a contribution of BAFF-R to the disease progression of HBV-related HCC.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Normal B cell development and survival can promote an effective immune response to clear pathogens, whereas abnormalities in B cells differentiation and activation leads to the disruption of B cell homeostasis[5]. Accordingly, circulating B cell subset frequencies were also determined in this study. We found that the frequencies of CD27+IgD+ memory B cells, CD27+IgD- class-switched memory B cells and plasmablasts were significantly lower in patients with HCC compared to the non-HCC group. In contrast, number of naïve B cells did not differ significantly among groups. These findings were consistent with a previous report demonstrating that decreased of CD27+ memory B cells was found in patients with HCC but no differences in CD27- naïve and total B cells[22]. Moreover, a similar result was observed in patients with HCV-related HCC in which CD27+ memory B cells, and more specifically CD27+IgM+ memory B cells, were markedly less frequent in patients with HCC independent of HCV infection[23]. Memory B cells are long-lived and could capture and present the antigen to MHC molecules and then modulate CD4+ and CD8+ T cells immune response[24]. They also could potentially activate other immune cells such as dendritic cells and macrophages by producing pro-inflammatory cytokines. Therefore, it is possible that the decrease in total memory B cells and plasmablast in HBV-related HCC might reflect the defect of generating protective immunity against HBV in these individuals. In a model of lung cancer, other cell types, such as myeloid-derived suppressor cells can al so impair B cells function through the secretion of IL-17, which is associated with decrease of antibody production[25]. In addition to anti-tumor capacity, B cells can also modulate T cell immune responses via the function of Bregs[26]. Here, we did not directly measure Bregs population but instead investigated the CD19+CD24hiCD38hi transitional B cells, which have predominant Breg in this subset[27]. In this context, we did not observe any significant difference of the transitional B cells among the studied groups. 
Interestingly, different finding regarding the distribution of B cell subpopulations was observed in patients with colorectal cancer, in which higher percentages of memory and plasma B cells were detected in peripheral blood[28]. In addition, increased numbers of circulating switched memory cells and plasmablasts were observed in other solid tumors including urinary bladder cancer, malignant melanoma, pancreatic cancer and prostate cancer[29]. Moreover, there was evidence that antibodies produced by B cells play a role in the cancer progression by initiating chronic inflammation[30]. Taken together, it is likely that role of B cell substes might not be similar among different cancer types. Therefore, categorizing B cell subpopulations in each cancer type is important not only for a better understanding the mechanisms by which immune cell subsets affect tumor biology but also for designing a successful treatment using immunotherapeutic approaches. 
Overall, our findings indicated that BAFF-R expressing B cells had a decreased dependency on the maturation of B cells in patients with HCC compared with the non-HCC groups. It is therefore possible that down-regulation of BAFF-R could constitute resistance to the biological actions of BAFF and as such might, in part, be responsible for the elevated plasma BAFF concentrations in patients with HCC. On the other hand, it might be possible that chronic elevated BAFF levels in patients with HCC could lead to a downregulation of BAFF-R expression, as previously observed in patients with autoimmune disorders[21]. At this point, however, the underlying mechanism by which BAFF and BAFF receptors involve in HCC development is not clear and needed to be further elucidated. In this perspective, the design of therapeutic target of BAFF or BAFF-R might also be important for patients with HCC in the future. 
Despite our interesting findings on the role of B cells and their ligand/receptors in disease progression in patients with HBV-related HCC, there were some limitations in this study. First, the study was retrospective and there might have many possible confounding factors, such as age and sex. Second, the sample sizes of patients with or without HCC were relatively small and a replicate study with a larger number of patients is needed to verify these observations and would provide further insights into the role of BAFF, as well as BAFF receptors and B cell response in HBV-related HCC. Moreover, further studies also need to validate these observations in patients with HCC regardless of underlying etiologies and to elucidate the mechanistic roles of B cell-mediated immune response in hepatocarcinogenesis.
	In summary, we found the expression of BAFF-R was reduced in B cells that might reflect the diferent frequency of B cells maturation in patients with HCC. The memory B cells especially CD27+IgD- class-switched memory B cells and plasmablasts were significantly decreased whereas naïve and transitional B cells were not different in patients with HCC as compared with the non-HCC group and healthy controls. Additionally, decreased BAFF-R expression on B cells was significantly correlated with tumor size and more advanced BCLC stages. Together, these data indicate that abnormalities of B cell development according to the expression of BAFF-R is contributable to the development and progression of HBV-related HCC.

ARTICLE HIGHLIGHTS
Research background
Recently, B cell-activating factor (BAFF) receptors and B cell subsets play diverse but crucial roles in modulating B cell function. Therefore, analysis of their expression and subpopulation frequencies could provide more insights into the immunological characteristics of B cell selection in patients with hepatocellular carcinoma (HCC).

Research motivation
To evaluate the association of BAFF receptors on B cell subsets according to clinical outcome of patients with chronic HBV infection.

Research objectives
This study aimed to compare the expression of BAFF receptors and the distribution of B cell subsets in the peripheral blood of patients with HBV-related HCC compared to individuals without HCC and healthy controls.

Research methods
Peripheral blood samples collected from chronic HBV infected patients with or without HCC and healthy controls were assessed for BAFF receptors [BAFF-R(B cell-activating factor receptor), transmembrane activator and cyclophilin ligand interactor, B-cell maturation antigen] and B cell subpopulations by multicolor flow cytometry. 

Research results
The frequency of BAFF-R expression on B cells was significantly decreased in HBV-related HCC compared with HBV patients without HCC and healthy controls. In addition, the frequency of CD27+IgD+ memory B cells, CD27+IgD- class switched memory B cells and plasmablasts were significantly lower in patients with HCC compared to the non-HCC group. However, the frequency of naïve and transitional B cell did not differ significantly among groups. Moreover, decreased BAFF-R expression on B cells was significantly correlated with tumor size and more advanced Barcelona Clinic Liver Cancer stages.

Research conclusions
The expression of BAFF-R on B cells was significantly decreased that involved in the different frequencies of B cells maturation in patients with HCC. 

Research perspectives
Larger samples and the mechanistic roles of B cell-mediated immune response in hepatocarcinogenesis are needed to further validate.
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[bookmark: OLE_LINK345][bookmark: OLE_LINK346][bookmark: OLE_LINK347][bookmark: OLE_LINK348][bookmark: _Hlk27861953][bookmark: OLE_LINK352][bookmark: OLE_LINK353]Figure 1 Representative plot shows the gating strategy for identification of B cell subsets. (1) Firstly, lymphocyte population was initially determined from forward scatter and side scatter plot. (2) Positive for CD19 was selected from CD19 vs CD27 plot. (3) Naive B cells, IgD and class-switched memory B cells were then identified from IgD vs CD27 plot. And (4) Plasmablasts and transitional B cells were selected from CD38 vs CD27 and CD38 vs CD24, respectively. Moreover, B cell-activating factor receptors were gated on CD19 positive cells. FSC: Forward scatter; SSC: Side scatter; BAFF-R: B cell-activating factor receptors; BCMA: B-cell maturation antigen; TACI: Transmembrane activator and cyclophilin ligand interactor.
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	Healthy controls
(n = 9)
	Patients without HCC (n = 25)
	Patients with HCC (n = 16)
	P value

	Sex (males)
	4 (44.4%)
	12 (48.0%)
	13 (81.3%)
	0.072

	Age, yr
	27.6 (25-34)
	42.8 (20-77)
	60.8 (34-77)
	< 0.001c

	Hemoglobin (g/dL)
	
	13.3 ± 1.5
	12.1 ± 1.9
	0.082

	Hematocrit (%)
	
	41.4 ± 4.1
	36.7 ± 5.7
	0.008b

	Platelets count (103/µL)
	
	246.4 ± 56.7
	180.1 ± 80.8
	0.007b

	[bookmark: OLE_LINK1]White cell count (103/µL)
	
	6.5 ± 2.2
	6.1 ± 2.0
	0.590

	INR
	
	1.0 ± 0.1
	1.1 ± 0.2
	0.340

	AST (U/L)
	
	48.9 ± 42.2
	80.0 ± 65.0
	0.070

	ALT (U/L)
	
	75.8 ± 83.1
	56.9 ± 32.3
	0.407

	ALP (mg/L)
	
	59.3 ± 14.3
	177.5 ± 118.0
	0.066

	Total bilirubin (mg/dL)
	
	0.7 ± 0.1
	0.8 ± 0.4
	0.757

	Albumin (g/dL)
	
	4.5 ± 0.3
	3.4 ± 0.6
	0.001b

	AFP (IU/mL)
	
	2.4 ± 2.2
	4810.2 ± 10236.1
	0.531

	log10 HBV DNA (IU/mL)
	
	5.4 ± 2.6
	3.0 ± 1.9
	0.066

	BAFF (pg/mL)
	
	914.8 ± 159.3
	1208.8 ± 386.1
	0.042a

	BCLC stage
A-B
C
	
	

	
12 (75.0%)
4 (25.0%)
	


Table 1 Demographic and clinical characteristics of patients and healthy controls
[bookmark: OLE_LINK313][bookmark: OLE_LINK314][bookmark: OLE_LINK324][bookmark: OLE_LINK325]Data expressed as mean ± SD or n (%) as appropriate; aP < 0.05; bP < 0.01; cP < 0.001. INR: International normalized ratio; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AFP: Alpha-fetoprotein; BAFF: B cell-activating factor; BCLC: Barcelona clinic liver cancer.
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Figure 5 BAFF-R expression and clinical correlation in patients with HCC. A: hematocrit; B:
white cell count; C: serum albumin; D: serum AFP; E: tumor size; F: tumor staging
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