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A B S T R A C T   

Background: Host genetic polymorphisms influence the fibrosis progression of chronic hepatitis C (CHC) patients. 
Previous studies have shown the association of human platelet antigens (HPAs) polymorphisms with CHC. 
However, little is known regarding the association of HPAs polymorphisms with the fibrosis progression of CHC. 
The aim of this study was to determine the association of HPA -2, -3, -5 and -15 polymorphisms with the levels of 
serum fibrosis marks in CHC patients. 
Methods: The HPA -2, -3, -5 and -15 were genotyped by 5ˊ-nuclease assay in 211 CHC patients, while the serum 
concentration of hyaluronic acid (HA), collagen IV (CIV), amino-terminal pro-peptide of type III procollagen 
(PIIINP), and laminin (LN) from the same samples were measured by time resolved fluorescence immunoassay. 
Results: The level of serum LN was significantly lower in CHC patients with HPA-15aa genotype compared to 
those with HPA-15ab/bb (P = 0.032) but did not differ among HPA-2, -3 and -5 genotypes. There were no 
difference in HA, CIV and PIIINP levels among HPA-2, -3,-5 and -15 genotypes. 
Conclusions: This study demonstrates that HPA-15 aa polymorphism is associated lower serum LN in CHC, which 
suggests that HPA -15 aa may be involved in the fibrosis progression of CHC.   

1. Introduction 

Hepatitis C is a liver disease caused by the hepatitis C virus. Ac-
cording to the recent estimates obtained from World Health Organiza-
tion, Globally, more than 185 million people have been infected with the 
hepatitis C virus [1]. Approximately 15–45 % of cases spontaneously 
clear the virus within six months of infection without any treatment, and 
the remaining 55–85 % of persons will develop chronic HCV infection 
(CHC) [2]. It is estimated that globally an estimated 71 million people 
have CHC [3]. One third of the CHC patients are predicted to develop 
liver cirrhosis or hepatocellular carcinoma [1]. 

The progression of fibrosis is the main prognosis determinant of liver 
disease outcome in CHC [4]. Rapid progression of fibrosis in CHC has 
been related to age at infection, male gender, a daily alcohol con-
sumption, coinfection with human immunodeficiency virus (HIV) and 
hepatitis B virus (HBV), diabetes mellitus and obesity [5,6]. Moreover, 
the influence of host genetic factors in this fibrosis progression have 

been demonstrated, particularly those with single nucleotide poly-
morphisms (SNPs), such as SNPs in human leucocyte antigen (HLA) II, 
mainly of DRB1 [7] and some genetic factors including RANTES, 
SLC11A1, TNF, DDX5, MBL2, IRF7 and IL18 [8–14]. 

Similarly, the expression of some integrins has also been associated 
with the development of fibrosis [15,16]. The integrins are present in a 
variety of cell types, including platelets and hepatic stellate cells 
[17–19]. Some integrins that are present on platelet surface express 
different polymorphic antigenic determinants, called human platelet 
antigens (HPAs) [20]. Polymorphism in most of HPAs is caused by SNPs 
in the genes that encode them [20]. Verdichio-Moraes et al. [21] re-
ported a possible association between HPA-5 and HCV infection in Brazil 
population. We previously demonstrated an association between the 
HPA-2 and CHC in Chinese population [22]. However, little is known 
regarding the association of HPAs polymorphisms with the progression 
of fibrosis in CHC. 

The aim of this study was thus to determine possible association 
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between the HPA-2, -3, -5 and -15 polymorphisms and the levels of 
serum fibrosis marks in CHC in Chinese population. 

2. Materials and methods 

2.1. Blood samples collection 

Aliquots of EDTA-anticoagulated whole blood samples were 
collected from 211 patients with chronic HCV infection between April 
2015 and December 2015 at Dalian Sixth People’s Hospital Affiliated of 
Dalian Medical University. All included subjects were Chinese Han na-
tionality. Inclusion criteria were as follows: the presence of HCV 
confirmed by the anti− HCV and HCV-RNA tests. Exclusion criteria were 
as follows: patients with HBV or HIV positive, and the presence of other 
chronic liver diseases. Signed informed consents were obtained from all 
the patients, and the ethics committee approval was obtained from the 
Local Ethics Committee. 

2.2. Measurements of serum liver fibrosis markers 

The following serum liver fibrosis markers were determined in the 
same hospital laboratory: Hyaluronic acid (HA), Collagen IV (CIV), 
amino-terminal pro-peptide of type III pro-collagen (PIIINP), and Lam-
inin (LN). The serum concentration of HA, LN, PIIINP, and CIV were 
measured using commercially available kits, on a time resolved fluo-
rescence immunoassay instrument (HG-1000, Beijing North Institute Of 
Biological Technology) according to the manufacturer’s instructions. 
The reference values were as follows: CIV<120 ng/mL, LN<100 ng/mL, 
PIIINP<7 ng/mL, and HA < 120 ng/mL, 

2.3. Extraction of DNA 

Genomic DNA was isolated from whole peripheral blood samples 
using a commercially available DNA isolation kit, on MagCore® Auto-
mated Nucleic Acid Extractor (RBCBioscience,Taipei, Taiwan) accord-
ing to the manufacturer’s instructions. 

2.4. 5ˊ- nuclease assay (NA) with TaqMan minor groove binding (MGB) 
probes for HPA-2,-3,-5 and -15 genotyping 

Sequences of the primers and probes for HPA-2,-3,-5 and -15 were 
obtained from a previous study [23] and listed in Table 1. The primers 
and probes were synthesized by Takara Biotechnology and Thermo 

Fisher Scientific Inc, respectively. 
The Polymerase chain reaction (PCR) mixtures included 1 μL of pu-

rified genomic DNA, 10 μL of 2× TaqMan Universal PCR Master Mix II 
(Thermo Fisher Scientific Inc), 0.9 μL of each primer (20 μM), 0.2 μL of 
each probes (20 μM) and 6.8 μL of distilled water in a final reaction 
volume of 20 μL. The 5ˊ-NA was performed under the following condi-
tions: pre-PCR heat step at 95 ◦C for 10 min, followed by 40 cycles at 95 
◦C for 15 s and at 60 ◦C for 1 min on the ABI Prism 7300 sequence 
detection system (Applied Biosystems). After the PCR was completed, 
the genotyping results were analyzed on ABI Prism® 7300 sequence 
detection system with SDS software v1.4 (Applied Biosystems), using the 
allele discrimination function to detect the end-point fluorescent in-
tensity of FAM and VIC in each well. Genotype results were sorted into 
three distinct groups, corresponding to the three genotypes, homozy-
gous aa, bb and heterozygous ab. 

2.5. Statistical analysis 

Statistical analyses were performed using Prism 8.0.1 for windows. 
The association between HPA polymorphisms and the levels of serum 
fibrosis marks in chronic hepatitis C patients was performed using 
Mann-Whitney test. A two-tailed P value of less than 0.05 (P < 0.05) was 
considered statistically significant. 

3. Results 

Characteristics of the study participants, including age, sex, CIV, LN, 
PIIINP, HA and distribution of the HPA genotypes are summarized in 
Table 2. 

Genotyping was successful in all patients for HPAs. As presented in 
Fig. 1,The level of serum LN was significantly lower in CHC patients with 
HPA-15aa genotype compared to those with HPA-15ab/bb (P = 0.032) 
but did not differ among HPA-2, -3 and -5 genotypes. Moreover, there 
were no difference in HA, CIV and PIIINP levels among HPA-2, -3,-5 and 

Table 2 
Characteristics of the patients with chronic hepatitis C virus 
infection including age, sex, CIV, LN, PIIINP, HA and dis-
tribution of the HPA genotype (n = 211).  

Parameter Values 

Age (years) 55 (46− 63) 
Sex  
Male 109 (51.7 %) 
Female 102 (48.3 %) 
CIV (ng/mL) 85 (64− 134) 
LN (ng/mL) 73 (44− 111) 
PIIINP (ng/mL) 3 (3− 12) 
HA (ng/mL) 134 (77− 225) 
HPA-2 genotype  
aa 176 (83.4 %) 
ab 34 (16.1 %) 
bb 1 (0.5 %) 
HPA-3 genotype  
aa 80 (37.9 %) 
ab 94 (44.5 %) 
bb 37 (17.5 %) 
HPA-5 genotype  
aa 207 (98.1 %) 
ab 4 (1.9 %) 
bb 0 (0%) 
HPA-15 genotype  
aa 52 (24.6 %) 
ab 116 (55.0 %) 
bb 43 (20.4 %) 

For quantitative variables, data are provided as the median 
and IQR. HPA: human platelet antigen; CIV: collagen IV; 
LN: laminin; PIIINP: amino-terminal pro-peptide of type III 
pro-collagen; HA: hyaluronic acid; IQR: interquartile range. 

Table 1 
Primer and probe sequences for genotyping of human platelet antigens (HPAs) 
using 5ˊ- nuclease assay (NA) with TaqMan minor groove binding (MGB) probes.  

Name of primer/probe Primer sequence (5′—3′) 

HPA-2 sense primer ctgaaaggcaatgagctgaagac 
HPA-2 antisense primer ttgttagccagactgagcttctc 
HPA-2a probe VIC-ctcctgaCgcccacac-MGB-NFQ 
HPA-2b probe FAM-ctcctgaTgcccacac-MGB-NFQ 
HPA-3 sense primer gggcctgaccactcctttg 
HPA-3 antisense primer tgggccgggtgaatgg 
HPA-3a probe VIC-ctgcccaTccccag-MGB-NFQ 
HPA-3b probe FAM-tgcccaGccccag-MGB-NFQ 
HPA-5 sense primer tgagtgacctaaagaaagaggaagga 
HPA-5 antisense primer caaatgcaagttaaattaccagtactaaagca 
HPA-5a probe VIC-ctgtttactatcaaaGaggtaa-MGB-NFQ 
HPA-5b probe FAM-ctgtttactatcaaaAaggtaa-MGB-NFQ 
HPA-15 sense primer tgtatcagttcttggttttgtgatgtt 
HPA-15 antisense primer cccaagaagtgatagaatcaggtaca 
HPA-15a probe VIC-tcagttCcaggattta-MGB-NFQ 
HPA-15b probe FAM-tcagttAcaggatttac-MGB-NFQ 

The polymorphic site for each antigen system is shown in bold and uppercase. 
MGB-NFQ, minor groove binder and non-fluorescent quencher. 
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Fig. 1. Violin plot of the level of serum laminin (LN) according to human platelet antigens genotypes in chronic hepatitis C patients. (A, B & C) The level of serum LN 
did not differ among HPA-2, -3 and -5 genotypes. (D) The level of serum LN was significantly lower in CHC patients with HPA-15aa genotype compared to those with 
HPA-15ab/bb. * P < 0.05 by the Mann-Whitney test. The thick dashed lines denote the medians and the thin dashed lines denote the quartiles. 

Fig. 2. Violin plot of the level of serum collagen IV (CIV) according to human platelet antigens genotypes in chronic hepatitis C patients. (A, B, C & D) The level of 
serum CIV did not differ among HPA-2, -3, -5 and -15 genotypes. The thick dashed lines denote the medians and the thin dashed lines denote the quartiles. 
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Fig. 3. Violin plot of the level of serum amino-terminal pro-peptide of type III pro-collagen (PIIINP) according to human platelet antigens genotypes in chronic 
hepatitis C patients. (A, B, C & D) The level of serum PIIINP did not differ among HPA-2, -3, -5 and -15 genotypes. The thick dashed lines denote the medians and the 
thin dashed lines denote the quartiles. 

Fig. 4. Violin plot of the level of serum hyaluronic acid (HA) according to human platelet antigens genotypes in chronic hepatitis C patients. (A, B, C & D) The level 
of serum HA did not differ among HPA-2, -3, -5 and -15 genotypes. The thick dashed lines denote the medians and the thin dashed lines denote the quartiles. 
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-15 genotypes (Figs. 2, 3 and 4). These data suggest that HPA -15 
polymorphism is associated with the level of serum LN in CHC. 

4. Discussion 

To date, 41 HPAs expressed on six different platelet glycoproteins, 
GPIa, GPIbα, GPIbβ, GPIIb, GPIIIa and CD109 have been identified, of 
which, 12 antigens are grouped into six biallelic systems (HPA-1, -2, -3, 
-4, -5 and -15) [20,24]. HPAs play an important role in several diseases 
such as platelet transfusion refractoriness, post-transfusion purpura, 
neonatal alloimmune thrombocytopenia, idiopathic thrombocytopenic 
purpura and periprocedural myocardial infarction [25–27]. Further-
more, a previous study has shown that HPA-5b was associated with 
hepatitis C virus infection in Brazil population [21]. We previously 
found an association the HPA-2b with susceptibility to CHC in Chinese 
population [22]. In this study, we focused on the association of the 
HPA-2, -3, -5 and -15 polymorphisms with the levels of serum fibrosis 
marks in CHC in Chinese population. 

Our study shows that CHC patients with HPA -15 aa have a lower level 
of serum LN compared with CHC with HPA -15 ab/bb. However the level 
of serum LN did not differ among HPA-2, -3 and -5 genotypes. Moreover, 
the level of serum LN HA, CIV and PIIINP did not differ among HPA-2, -3, 
-5 and -15 genotypes. Our results suggest that HPA -15 polymorphism is 
associated with the level of serum LN in CHC, and may be involved in the 
fibrosis progression of CHC. Silva et al. [28] found an association of the 
HPA-1ab with severe fibrosis degree in Brazil population. The HPA-1 
genotype is dominated by the HPA-1aa, while HPA-1ab and –1bb al-
leles are rare in Chinese population [29]. For these reasons, we did not 
explore the association between the HPA-1polymorphisms and the 
fibrosis progression of CHC. Picelli et al. [30] investigated the associations 
of HPA-1, -3, and -5 polymorphisms with the progression of hepatic 
fibrosis in HIV/HCV coinfected patients and found that HPA poly-
morphisms were not associated with the progression of hepatic fibrosis. 
However, CHC patients included in our study were excluded HIV infec-
tion, therefore whether the association of HPA-15 with the level of serum 
LN is also applicable in CHC patients coinfected with HIV and HCV needs 
further elucidation. 

Transforming growth factor-β (TGF-β) is a strong profibrogenic 
regulator contributing to all stages of disease progression, from initial 
liver injury through inflammation and fibrosis to cirrhosis and hepato-
cellular carcinoma [31]. In CHC patients with advanced fibrosis, intra-
hepatic expression levels of TGF-β1 were significantly higher than those 
in patients with early fibrosis and normal liver [32]. Previous studies 
have shown that CD109 is an important regulator of TGF-β signaling 
[33–35]. As mentioned above, the polymorphic antigenic determinants 
of HPA-15 are located on CD109. Because HPA-15 polymorphism caused 
a single amino acid change (Y703S) in CD109 [20], we speculate that 
HPA-15 polymorphism likely affects TGF-β signaling via changing 
CD109 structure and function, which affects the fibrosis progression of 
CHC. It will be of interest to further investigate the association between 
HPA-15 polymorphism and expression levels of TGF-β. 

Liver biopsy is the traditional gold standard for the assessment and 
quantification of liver fibrosis. In the present study, it is difficult to 
obtain the levels of fibrosis determined by liver biopsies because its 
invasiveness engenders pain and significant potential complications. 
Because serum markers of fibrosis correlate well with biopsy scores, we 
believe that our results are reliable. 

Our study found an important role of the HPA-15 polymorphisms in 
fibrosis progression in CHC, which might be used as a novel fibrosis 
indicator of liver fibrosis progression and a novel target for attenuating 
CHC pathogenesis. A limitation of the current study is not considering 
the differences of host genetic factors among different ethnic groups. 
Our study indicates an association of the HPA-15 polymorphisms with 
the level of serum LN in Chinese Han CHC patients. However, whether 
the association exists between HPA-15 polymorphisms and the pro-
gression of fibrosis in other ethnic groups remains unclear. 

In conclusion, we demonstrate that HPA-15 aa polymorphism is 
associated lower serum LN in CHC, which suggests that HPA -15 aa may 
be involved in the fibrosis progression of CHC. 
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