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Abstract: We investigate the correlation of serum brain-derived neurotrophic factor (BDNF) level and its gene poly-
morphism with liver function classification in patients with hepatitis B virus (HBV) induced liver cirrhosis. A total of 
182 patients with HBV induced liver cirrhosis were collected as a case group, and 186 healthy subjects in the same 
period were used as the control group. ELISA measured serum BDNF levels. Polymerase chain reaction-restriction 
fragment length polymorphism was used to detect rs6265 (A/G) and rs10835210 (A/C) in the BDNF gene. The se-
rum BDNF level was significantly lower in the case group than in the control group. With the elevation of Child-Pugh 
classification in patients with HBV induced liver cirrhosis, the decrease trend of serum BDNF level was even lower. 
The difference in frequency distribution between the case group and the control group was statistically significant 
regarding GG, GA, and AA genotypes, as well as G and A alleles in rs6265 (all P < 0.05). The frequency distribution of 
genotypes and alleles of rs6265 was statistically different in HBV induced liver cirrhosis patients with different liver 
function grades (P < 0.05). In patients with HBV induced liver cirrhosis, the AA genotype of BDNF gene rs6265 had 
the lowest level of serum BDNF. Our study suggests that serum BDNF plays an important role in the grading and ear-
ly diagnosis of liver function in patients with HBV-induced liver cirrhosis, and AA genotype at rs6265 of BDNF gene 
is a negative factor for liver cirrhosis. Moreover, the polymorphism of this locus could affect the serum BDNF level.

Keywords: Brain-derived neurotrophic factor, gene polymorphism, cirrhosis, Child-Pugh classification, liver func-
tion, frequency, haplotype, risk 

Introduction

Liver cirrhosis is induced by the repeated occur-
rence of diffuse degeneration and necrosis of 
the liver cells, hyperplasia of fibrous tissue, and 
nodular regeneration of cells, which results in 
the degeneration and hardening of the liver [1, 
2]. Liver cirrhosis is mainly manifested by 
hepatic dysfunction and portal hypertension, 
and associated with complications such as 
digestive tract hemorrhage and hepatic en- 
cephalopathy [3-5]. It has been demonstrated 
that cirrhotic livers often have hepatitis B virus 
(HBV) or hepatitis C virus (HCV) [6]. The com-
pensatory status of liver function plays an 
important role in the development, clinical 
treatment, and prognosis of patients with liver 
cirrhosis [7]. Therefore, a correct assessment 

of liver function in patients with liver cirrhosis is 
essential to the formulation of a reasonable 
treatment plan [8, 9]. At present, Child-Pugh 
classification is widely used as an indicator of 
liver function reserve, prognosis, and survival 
period in patients with liver cirrhosis [10-12].

Brain-derived neurotrophic factor (BDNF) is an 
important member of the neurotrophic factor 
family, mainly expressed in the hippocampus 
and cerebral cortex [13]. Previous studies have 
found that BDNF is associated with the growth, 
differentiation, and repair of neurons [14, 15]. 
In recent years, BDNF has been found to modu-
late synaptic plasticity and enhance long-term 
potentiation in hippocampus, which is closely 
related to cognitive processes such as learning 
and memory [16, 17]. In cognitive functional 
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tests such as water maze and passive avoid-
ance, BDNF inhibition can cause a decrease in 
long-term potentiation and impairment of mem-
ory function [18]. In addition to the influence of 
BDNF on learning and memory, a large number 
of animal experiments confirm that BDNF can 
also participate in the regulation of blood glu-
cose and energy metabolism [19], and has a 
significant hypoglycemic effect. Furthermore, 
BDNF gene is suggested to be located at 11p13 
chromosome, consisting of more than 5 exons, 
and each exon has its own promoter to adjust 
its mRNA splicing [20]. Multiple previous stud-
ies have shown that the expression of BDNF 
and its genetic polymorphism are associated 
with several diseases, such as cognitive dys-
function, depression, stroke, epilepsy, and sev-
eral tumors [21-26], among which rs6265 (A/G) 
and rs10835210 (A/C) of this gene have 
aroused great concern in the field of genetic 
polymorphism study [27, 28]. A previous study 
has suggested that BDNF is crucial for tumor 
angiogenesis and growth, and it may represent 
a potential target for antiangiogenic therapy in 
hepatocellular carcinoma (HCC) [29]. Also, it 
has been demonstrated that higher serum 
BDNF level is related to a more advanced tumor 
status in HCC patients, and serum BDNF might 
play an important role in tumor progression of 
HCC [30]. In addition, in view of the current sta-
tus of liver cirrhosis, as mentioned above, sev-
eral studies have paid attention to investigate 
the molecular mechanism of this type of dis-
ease, but there are few studies focused on  
the exploration of BDNF in liver cirrhosis. 
Accordingly, the present study was carried out 
to explore the correlation of serum BDNF level 
and its gene polymorphism with liver function 
classification in patients with HBV-induced liver 
cirrhosis.

Materials and methods

Ethics statement

This study was approved by the institutional 
ethics review board of Shangrao People’s 
Hospital. This study applied the voluntary prin-. This study applied the voluntary prin-
ciple for the consent of the patients and their 
families. At the same time, patients were fully 
aware of the study, had the ability to complete 
all the treatment plans, and signed the relevant 
informed consent.

Study subjects

A total of 182 first visit patients with HBV-
induced liver cirrhosis were collected as a case 
group in Shangrao People’s Hospital from 
January 2017 to November 2017. Among them, 
there were 150 males and 32 females. The age 
of the patients was 24~74 years in the case 
group, and the average age was 45.52 ± 11.58 
years old. Child-Pugh classification: 56 cases of 
grade A, 69 cases grade B, and 57 cases grade 
C. 186 healthy subjects who underwent physi-
cal examination in the medical center of Jiangxi 
Institute of Gastroenterology & Hepatology, The 
First Affiliated Hospital of Nanchang University 
were used as the control group in the same 
period. In this group, there were 142 males and 
44 females, and the average age was 43.68 ± 
10.54 years old (ranging from 22~70 years old). 
The control group was selected according to 
the principle of matching the age and gender of 
the case group. Inclusion criteria of the case 
group: HBV-infected subjects, positive HBsAg 
test result, HBV-DNA ≥ 105 copy/mL; Computed 
tomography scan showed fibrosis and cirrhosis 
of the liver; serum liver fibrosis index exceeded 
the standard [Hyaluronic acid (HA) > 110 mg/L, 
laminin (LN) > 110 μg/mL, type IV collagen (PC 
IV) > 75 μg/L and proline peptidase (PLD) > 
1126 ug/L]; serum ALT concentration > 40 U/L; 
classification of liver fibrosis > S0. Exclusion  
criteria: Non-HBV infection of liver cirrhosis; 
patients who have been treated with hepatitis 
or liver cancer; patients who had a genetic his-
tory of hepatitis and HCC; and acute hepatitis B 
patients. Inclusion and exclusion criteria of the 
control group: Negative imaging, HBsAg, HBV-
DNA and AFP test, normal alanine aminotrans-
ferase (ALT) and aspartate aminotransferase 
(AST), and being without history of cancer and 
other major disease.

Specimen collection

5 mL fastingvenous blood was extracted from 
each subject in the case group on the next day 
at 8:00 am after admission, and 5 mL fasting 
venous blood was extracted from each subject 
in the control group at 8:00 am on the day of 
physical examination. The extracted venous 
blood was then placed into EDTA anticoagulant 
and non-anticoagulant tube, respectively, fol-
lowed by centrifugation (604 g) (3-16 L high-
speed centrifuge, Sigma-Aldrich (St. Louis, MO, 
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USA)) at 4°C for 10 min to separate serum and 
blood cells. Samples were saved in cryogenic 
refrigerator at -80°C for further usage. 

Measurement of liver function indexes

The liver function indexes (alanine aminotrans-
ferase [ALT], aspertate Aminotransferase [AST], 
total bilirubin [TBIL], alkaline phosphatase 
[ALP], cholinesterase [CHE], albumin [ALB] and 
total bile acid [TBA]) were measured by 
Beckman Coulter DxC 800 automatic biochem-
ical analyzer (Brea, California, USA) and the 
original automatic biochemistry instrument 
reagent (Synchron CX/LX/UniCel DxC automat-
ic clinical biochemical instrument reagent cata-
logue is found in http://www.beckmancoulter.
cn/diagnostics/chemistry/dxc/test-menu.html). 
ALT, AST, ALP and CHE were measured by per-
formance rate method with ALT, AST, ALP and 
CHE kits (Beckman Instruments Inc, Brea, 
USA). TBIL was measured by diazotization ana-
lytical method with TBIL kit (Beckman In- 
struments Inc, Brea, USA). ALB was measured 
by bromocresol green method with ALB kit 
(Beckman Instruments Inc, Brea, USA). TBA 
was measured by enzyme cycle method with 
TBA kit (Beckman Instruments Inc, Brea, USA). 
After testing, two groups of people recorded 
the test results of their liver function test items, 
and compared the two groups of data. The data 
after recording were compiled and sorted. At 
the same time, the relevant data of two groups 
of inspected personnel were sorted into corre-
sponding data.

Genomic DNA extraction

A 6 mL erythrocyte lysate (Beijing Solarbio Te- 
chnology Co., Ltd., Beijing, China) was added 
into a 10 mL centrifuge tube. The 3 mL antico-
agulant which was completely thawing was fully 
mixed and acted at room temperature for 20 
min, with 4~5 times of mixing during the pro-
cess. Centrifugation at 2415 g (3-16 L high-
speed centrifuge, Sigma-Aldrich (St. Louis, MO, 
USA)) was then performed for 15 min. After dis-
carding the supernatant, samples were then 
oscillated fully, and the precipitate was re-sus-
pended (If the color was still red, the above 
operation could be repeated again). With the 
addition of 3 mL erythrocyte lysis buffer + 50 
uL protease K (10 mg/mL) + 60 uL 10% SDS 
(Beijing Solarbio Technology Co., Ltd., Beijing, 
China), a water bath was performed at 65°C for 
20-30 min, with a number of mixings during the 
period. Then, 750 uL supersaturated sodium 

acetate was added, followed by light flick or 
oscillation to mix well, and centrifugation at 
1358 g (3-16 L high-speed centrifuge, Sigma-
Aldrich (St. Louis, MO, USA)) for 15 min. After- 
wards, the new tube was added with 3.75 mL 
isopropanol, and the supernatant after centrif-
ugation with the addition of supersaturated 
sodium acetate was poured into the isopropa-
nol and was gently reversed and mixed. It was 
visible that the white flocculent DNA was clus-
tered and twisted into a mass. DNA was then 
aspirated into the 1.5 mL Eppendorf tube, and 
centrifuged at 11920 g (3-16 L high-speed cen-
trifuge, Sigma-Aldrich (St. Louis, MO, USA)) for 2 
min. After discarding the supernatant, 500 μL 
70% ethanol was added and gently reversed for 
many times, and then centrifuged at 11920 g 
(3-16 L high-speed centrifuge, Sigma-Aldrich 
(St. Louis, MO, USA)) for 3 min. After discarding 
the supernatant, repeated washing was per-
formed with ethanol for another two times. EP 
centrifuge tube was tilted and put on clean 
absorbent paper to dry. With the addition of 
300 μL DNA heavy solution, another water bath 
was carried out at 65°C for 1 h (or overnight at 
4°C) for dissolution.

Polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) used to 
detect SNP and genotyping of BDNF gene

Human genome databases (http://www.ncbi.
nlm.nih.gov, http://www.ncbi.nlm.nih.gov/SNP 
and http://snp.cshl.org/) were used to deter-
mine rs6265 (A/G) and rs10835210 (A/C) in 
BDNF gene. PCR-RFLP was utilized to evalu- 
ate the gene polymorphisms of rs6265 and 
rs10835210. Primers were designed with 
Primer Premier 5 software, and the primer 
sequence was synthesized by Shanghai Sangon 
Biotech Company (Shanghai, China). BDNF-
rs6265 primer sequence: forward: 5’-CAAA- 
CATCCGAGGACAAGGT-3’, reverse: 5’-AGAAGAG- 
GAGGCTCCAAAGG-3’, BDNF-rs10835210 prim-
er sequence: forward: 5’-AAACATGTGTGGAC- 
CTGCAA-3’, reverse: 5’-CCACATGGCTCATTATGC- 
AC-3’. PCR reaction system was 20 µL, includ-
ing DNA 100 ng, 2.4 µL 10 × PCR buffer solu-
tion containing MgCl2 15 nmol/L, 1.0 UTaq DNA 
polymerase, 200 µmol/L dNTPs, 1 µL forward 
and reverse primers, respectively. PCR reaction 
condition (Bio-Rad PCR instrument, Hercules, 
California, USA) was as follows: 94°C predena-
turation for 5 min, 94°C for 30 s, 58°C for 45 s, 
and 72°C for 45 s, with a total of 30 cycles, 
followed by extension at 72°C for 10 min. The 
PCR products were treated by specific restric-
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tion endonuclease and were verified by 3% aga-
rose gel electrophoresis (Bio-Rad PCR instru-
ment, Hercules, California, USA). Genotypes 
were identified by enzyme digestion, namely 
cut homozygosity, cut heterozygosity, and uncut 
homozygosity. The rs6265 locus of the BDNF 
gene was a A/G dimorphism, which consisted 
of three different genotypes of G/G, A/G and 
A/A in the population. After enzyme digestion of 
PCR products by Pml I, two 250 bp fragments 
were produced, indicating that the two alleles 
were not cut apart, and the genotype of the 
individual was AA; the length of fragments after 
enzyme digestion by Pml I was 125 bp and 250 
bp, respectively, indicating that only one allele 
was cut apart, and the genotype of the individ-
ual was AG; when the length of fragments after 
enzyme digestion by Pml I was 125 bp, the two 
alleles were all cut apart, and the genotype of 
the individual was GG. Detailed information is 
shown in Figure 1A. The rs10835210 locus 
was a A/C dimorphism, which consisted of 
three different genotypes of A/A, A/C and C/C 
in the population. The length of the fragment of 
the PCR product was 338 bp after the Bcl I 
enzyme digestion, indicating that both the two 
alleles were uncut, and the genotype of the 
individual was CC; when the length of the frag-
ment was 338 bp, 181 bp and 157 bp after Bcl 
I enzyme digestion, only one allele was cut 
apart, and the genotype of the individual was 
CA. Furthermore, when the length of the frag-
ment was 181 bp and 157 bp after Bcl I enzyme 
digestion, both the two alleles were suggested 
to be uncut, and the genotype of the individual 
was AA, which is shown in Figure 1B.

Determination of serum BDNF level

Enzyme linked immunosorbent assay (ELISA) 
was used to determine the concentration of 
BDNF in the serum. The ELISA kit was pur-
chased from R&D Biology Inc. (Total BDNF 
Quantikine ELISA Kit from R&D Systems, 

antibody working solution, and reacted for 60 
min at 37°C. The plate was washed three times 
and added with horseradish peroxidase (HRP), 
and reacted for 30 min at 37°C. The plate was 
washed three times and added with substrate 
working solution, and reacted for 5-10 min in 
dark. After adding stop buffer, BioTek ELx800 
full-automatic enzyme labeling system (Ver- 
mont, USA) was used to detect optical density 
(OD) at 450 nm wavelength within 30 min.

Statistical analysis

SPSS21.0 (SPSS, Inc, Chicago, IL, USA) soft-
ware was involved in all data analysis. Hardy-
Weinberg equilibrium was used to test the pop-
ulation representation of genotypic distribu-
tion. Relative risk of genotypes was expressed 
by the odds ratio (OR) and 95% confidence 
interval (CI). χ2 test was used to compare allele 
and genotype frequency. Categorical data were 
expressed by rate, percentage, or composition 
ratio, and statistical analysis was carried out  
by chi-square test. Measurement data were 
expressed as mean ± standard deviation. One-
way analysis of variance (ANOVA) was used in 
multiple groups. Fisher’s least significant differ-
ence t test (LSD-t) was used for the pairwise 
comparison after ANOVA analysis. t test was 
used in the two groups. Haplotype analysis and 
linkage disequilibrium of BDNF gene was 
achieved by Shesis software. The correlation 
analysis was carried out by Pearson corre- 
lation. P < 0.05 meant that a statistical differ-
ence was significant.

Results

General data of the case group and control 
group and the level of serum BDNF

There was no statistically significant differen- 
ce in age and gender between the two groups 

Figure 1. Enzyme electrophoresis of rs6265 (A) and rs10835210 (B) in 
BDNF gene.

Minneapolis, MN, Catalog # 
DBNT00) and the test was 
operated in strict accordance 
with instructions. Concrete 
steps were showed as follows: 
The reagents, samples and 
standard products were pre-
pared. The prepared samples 
and standard products were 
added to react for 120 min at 
37°C. The plate was washed 
three times and added with 
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(both P < 0.05). After comparison, the serum 
BDNF level of the patients in the case group 
was significantly lower than that of the control 
group (P < 0.05). In the detection of serum bio-
chemical indexes in patients, the serum cholin-
esterase activity, albumin, and serum choles-
terol were significantly lower in the case group 
than in the control group (all P < 0.05). The ala-
nine aminotransferase, total bilirubin, aspar-
tate aminotransferase, alkaline phosphatase 
and total bile acid level were significantly higher 

activity, albumin, serum cholesterol and serum 
BDNF were all decreased, and total bile acid 
level was increased in patients with grade B 
and C cirrhosis (all P < 0.05). Furthermore, 
compared with patients with grade B cirrhosis, 
the serum cholinesterase activity, albumin, 
serum cholesterol, and serum BDNF were all 
reduced; alanine aminotransferase, total biliru-
bin, aspartate aminotransferase, alkaline phos-
phatase, and total bile acid level were increased 
in patients with C grade cirrhosis (all P < 0.05; 
Table 2 and Figure 3, Figure 3 shows only 
serum BDNF levels in patients with different 
grades of HBV-induced liver cirrhosis). Cor- 
responding results showed that with the eleva-
tion of Child-Pugh classification in patients with 
HBV induced liver cirrhosis, the serum cholines-
terase activity, albumin and serum cholesterol 
were reduced accordingly; meanwhile, the 
decreased trend of serum BDNF level was even 
lower, and the increase of alanine aminotrans-
ferase, total bilirubin, aspartate aminotransfer-
ase, alkaline phosphatase, and total bile acid 
level was even higher (r < 0, P < 0.05).

Correlation analysis between serum BDNF 
level and liver function indexes

To analyze the correlation between the serum 
BDNF level and the liver function index, the 
Pearson correlation analysis was used. Cor- 
responding results (Figure 4) revealed that in 
patients with liver cirrhosis, the level of serum 
BDNF was negatively correlated with alanine 

Table 1. Basic information and serum BDNF of the case group and 
the control group

Case group  
(n = 182)

Control group 
(n = 186) P

Age (Years) 45.52 ± 11.58 43.68 ± 10.54 0.112
Gender (Male/Female) 150/32 142/44 0.159
Serum BDNF (μg/L) 15.68 ± 3.21 23.54 ± 3.58 < 0.001
Alanine aminotransferase (U/L) 128.0 ± 15.8 15.1 ± 2.6 < 0.001
Aspartate aminotransferase (U/L) 77.4 ± 20.1 15.4 ± 2.6 < 0.001
Total bilirubin (μmol/L) 86.4 ± 8.6 11.1 ± 4.1 < 0.001
Alkaline phosphatase (U/L) 181.1 ± 23.4 75.0 ± 10.5 < 0.001
Serum cholinesterase (U/L) 2396 ± 829 8625 ± 899 < 0.001
Albumin (g/L) 31.2 ± 4.4 48.4 ± 4.1 < 0.001
Total bile acid (μmol/L) 47.4 ± 24.9 5.9 ± 2.0 < 0.001
Note: Enumeration data were expressed by rate or percentage or constituent ratio, and 
chi-square test was used for statistical analysis. The measurement data were mean ± 
standard deviation and t test was used for comparison between the two groups. BDNF, 
brain-derived neurotrophic factor.

Figure 2. Serum BDNF levels in the case group (n 
= 182) and the control group (n = 186). Note: The 
measurement data were mean ± standard deviation, 
and t test was used for comparison between the two 
groups. BDNF, brain-derived neurotrophic factor.

than those in the control 
group (all P < 0.05), as 
shown in Table 1 and 
Figure 2 (Figure 2 shows 
serum BDNF levels in the 
case group and the control 
group only).

Comparison of liver func-
tion indexes and serum 
BDNF in different grades 
of HBV-related liver cir-
rhosis

The liver function index 
and serum BDNF in differ-
ent grades of HBV-induced 
liver cirrhosis was ana-
lyzed. Compared with pa- 
tients with grade A cirrho-
sis, serum cholinesterase 
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aminotransferase (r = -0.610, P < 0.001), as- 
partate aminotransferase (r = -0.716, P < 
0.001), total bilirubin (r = -0.470, P < 0.001), 
alkaline phosphatase (r = -0.485, P < 0.001), 
and total bile acid (r = -0.565, P < 0.001). 
Meanwhile, there were positive correlations of 
serum BDNF level with cholinesterase (r = 
0.754, P < 0.001), albumin (r = 0.558, P < 
0.001), and cholesterol (r = 0.509, P < 0.001).

Polymorphism distribution of BDNF gene loci

Hardy-Weinberg equilibrium was detected us- 
ing goodness of fit test. The results revealed 

that the genotype distribution of two loci in the 
BDNF gene was in accordance with Hardy-
Weinberg equilibrium (P > 0.05), indicating that 
the sample of this study was representative.

The distribution of genotype frequencies and 
allele frequencies of BDNF gene are shown in 
Table 3. The frequency distribution of GG, GA, 
and AA genotypes in the rs6265 loci was statis-
tically different in the case group and the con-
trol group (P = 0.003). Compared with patients 
carrying GG genotype, the distribution of GA, 
AA and GA + AA genotypes was higher in the 
case group than that in the control group (all P 
< 0.05). The risk of HBV-induced liver cirrhosis 
in patients with GA genotype was about 1.9 
times as high as that of the GG genotype carri-
ers (OR = 1.939, 95% CI = 1.176-3.198). The 
risk of HBV induced liver cirrhosis in patients 
with AA genotype was about 2.5 times as high 
as that of the GG genotype carriers (OR = 
2.532, 95% CI = 1.431-4.480). Furthermore, 
the risk of HBV-induced liver cirrhosis in 
patients with GA + AA genotype was about 2.6 
times as high as that of the GG genotype carri-
ers (OR = 2.565, 95% CI = 1.598-4.117). The 
frequency distribution of G and A alleles was 
statistically different in the case group and the 
control group (P = 0.001). The A allele might 
increase the risk of HBV-related cirrhosis (OR = 
1.652, 95% CI = 1.234-2.211). However, there 
was no obvious difference in the comparison of 
CC, CA, and AA genotypes in the rs10835210 
between the case group and the control group 
(P = 0.300). No statistical difference was also 
found in the C and A alleles between the case 
group and the control group (P = 0.359).

Table 2. Comparison of liver function indexes and serum BDNF in different grades of HBV-induced 
liver cirrhosis

Grade A  
(n = 56)

Grade B  
(n = 69)

Grade C  
(n = 57) P* P# P&

Serum BDNF (μg/L) 26.13 ± 3.04 16.87 ± 2.36 7.26 ± 1.63 < 0.001 < 0.001 < 0.001
Alanine aminotransferase (U/L) 119.38 ± 15.37 126.53 ± 11.08 142.19 ± 11.71 0.003 < 0.001 < 0.001
Aspartate aminotransferase (U/L) 68.82 ± 18.16 77.55 ± 21.65 85.64 ± 16.42 0.018 < 0.001 0.022
Total bilirubin (μmol/L) 82.56 ± 7.44 86.05 ± 9.44 90.60 ± 6.62 0.026 < 0.001 0.003
Alkaline phosphatase (U/L) 170.60 ± 19.20 180.91 ± 25.53 191.65 ± 19.83 0.014 < 0.001 0.011
Serum cholinesterase (U/L) 3145 ± 1021 1833 ± 462 1346 ± 363 < 0.001 < 0.001 < 0.001
Albumin (g/L) 42.7 ± 3.3 34.5 ± 2.2 21.2 ± 3.5 < 0.001 < 0.001 < 0.001
Serum cholesterol (mmol/L) 3.9 ± 2.0 3.3 ± 1.4 2.3 ± 0.8 0.044 < 0.001 < 0.001
Total bile acid (μmol/L) 22.5 ± 6.5 41.4 ± 20.9 80.6 ± 40.1 < 0.001 < 0.001 < 0.001
Note: P* refers to the comparison between grade B and A; P# refers to the comparison between grade C and A; P& refers to the comparison 
between grade C and B. The measurement data were mean ± standard deviation and one-way ANOVA was used for comparison among multiple 
groups. Fisher’s least significant difference t test (LSD-t) was used for the pairwise comparison after ANOVA analysis. BDNF, brain-derived neuro-
trophic factor; HBV, hepatitis B virus; ANOVA, analysis of variance.

Figure 3. Comparison of serum BDNF in different 
grades of HBV induced liver cirrhosis. Note: Grade A 
(n = 56), grade B (n = 69) and grade C (n = 57). The 
measurement data were mean ± standard deviation 
and one-way ANOVA was used for comparison among 
multiple groups. Fisher’s least significant difference 
t test (LSD-t) was used for the pairwise comparison 
after ANOVA analysis. BDNF, brain-derived neuro-
trophic factor; HBV, hepatitis B virus; ANOVA, analy-
sis of variance.
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Figure 4. Correlation analysis between serum BDNF level and liver function 
indexes. Note: A-H referred to the correlation analysis of serum BDNF level 
with alanine aminotransferase, aspartate aminotransferase, total bilirubin, 
alkaline phosphatase, cholinesterase, albumin, cholesterol, and total bile 
acid. Correlation analysis was carried out by Pearson analysis. ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; ALP, 
alkaline phosphatase; ChE, cholinesterase; ALB, albumin; TC, cholesterol; 
TBA, total bile acid.

Haplotype analysis

The linkage disequilibrium (LD) level between 
rs6265 and rs10835210 of BDNF gene was 
analyzed by SHEsis software. D is the basic unit 
of LD, measuring the observed deviation 
between the haplotype frequency and the 
expected frequency in the equilibrium state. D’ 
= 0 means that the two loci are completely 
independent. D’ = 1 means the two loci are not 
recombined and are in complete linkage dis-

equilibrium. The other mea-
sure of LD is r2, which repre-
sents the statistical correlation 
between the two loci. r2 = 0 
means that the two loci are 
completely independent. If the 
value of D’ and r2 is 0, the link-
age equilibrium is complete, 
and if the value of D’ and r2 is 
1, the linkage is in complete 
disequilibrium. The results in 
this study showed that the D’ = 
0.999 and r2 = 0.453 betwe- 
en rs6265 and rs10835210 
showed strong linkage disequi-
librium, indicating that the two 
SNPs are commonly inherited 
together, i.e. in linkage disequi-
librium with each other. 

Using SNPs at rs6265 and 
rs10835210 of BDNF gene, a 
haplotype system consisting of 
four haplotypes was construct-
ed. The distribution of each 
haplotype in the case group 
and the control group was ana-
lyzed. The haplotype SHEsis 
software with frequency less 
than 0.03 was automatically 
filtered. As shown in Table 4, 
the difference of AC and GC 
haplotype had statistical differ-
ence between the case group 
and the control group (P < 
0.05). Among them, AC haplo-
type might increase the risk of 
HBV induced liver cirrhosis (OR 
= 1.875, 95% CI = 1.281-
2.743). GC haplotype might be 
a protective haplotype of HBV 
induced liver cirrhosis (OR = 
0.605, 95% CI = 0.452-0.810). 
However, AA haplotype was not 

associated with the risk of HBV-induced liver 
cirrhosis (P > 0.05).

Relationship between polymorphism of BDNF 
gene locus and liver function classification of 
HBV-induced liver cirrhosis

Table 5 reveals the results of the distribution of 
rs6265 and rs10835210 in HBV-induced liver 
cirrhosis patients with different liver function 
classification. Differences of genotype frequen-
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cy distribution of GG, GA, and AA in rs6265 
were statistically significant in grade A and B, 
grade A and C as well as grade B and C liver cir-
rhosis patients (all P < 0.05). The number of 
grade B and C liver cirrhosis patients with the 
AG + AA genotype was significantly increased in 
comparison with the patients with grade A cir-
rhosis (P < 0.05). Meanwhile, there was statisti-
cal difference in the comparison of allele fre-
quency distribution of rs6265 G and A alleles in 
grade A and B, grade A and C as well as grade 
B and C liver cirrhosis patients (all P < 0.05). 
Grade B and C liver cirrhosis patients with an A 
allele were significantly more than those with 
grade A cirrhosis (P < 0.05). However, there was 
no statistical differences in the comparison of 
genotype and allele frequency distribution of 
rs10835210 in HBV-induced liver cirrhosis 
patients with different liver function classifica-
tion (P > 0.05).

Comparison of serum BDNF levels between 
different genotypes

For the investigation of the relationship be- 
tween serum BDNF level and genetic polymor-

among GG, AG, and AA genotypes of rs6265 in 
patients with HBV-induced liver cirrhosis (all P < 
0.05), and the serum BDNF level of patients 
with AA genotype was the lowest (P < 0.05). The 
level of serum BDNF in patients with G allele 
was higher than that of A alleles (P < 0.05). 
Furthermore, no significant difference was 
found in the level of serum BDNF between 
patients with CC, CA, and AA genotype at 
rs10835210 (all P > 0.05). In addition, there 
was no significant difference in the level of 
serum BDNF in patients with C allele and A 
allele (P > 0.05). The above results indicate that 
in patients with HBV-induced liver cirrhosis, the 
BDNF gene rs6265 and rs10835210 polymor-
phisms were associated with the serum BDNF 
concentration.

Discussion

Liver cirrhosis is a common disease and main 
cause of death in China [31]. Liver cirrhosis is 
the result of abnormal over-deposition of the 
extracellular matrix of the liver, and its process 
is extremely complex and is affected by multi-

Table 3. Distribution of genotype frequencies and allele frequencies of rs6265 and rs10835210
Genotypes Control group (n = 186) Case group (n = 182) χ2 OR (95% CI) P
rs6265
    GG 67 (36.02%) 38 (20.88%) Ref
    GA 80 (43.01%) 88 (48.35%) 6.815 1.939 (1.176-3.198) 0.009
    AA 39 (20.97%) 56 (30.77%) 10.37 2.532 (1.431-4.480) 0.001
    GA + AA 119 (63.98%) 144 (79.12%) 15.64 2.565 (1.598-4.117) < 0.001
    G 214 (57.52%) 164 (45.05%)
    A 158 (42.48%) 200 (54.95%) 11.46 1.652 (1.234-2.211) 0.001
rs10835210
    CC 95 (51.08%) 80 (43.96%)
    CA 76 (40.86%) 89 (48.90%) 2.298 1.391 (0.9074-2.131) 0.129
    AA 15 (8.06%) 13 (7.14%) 0.005 1.029 (0.4623-2.291) 0.944
    CA + AA 91 (48.92%) 102 (56.04%) 1.869 1.331 (0.883-2.006) 0.172
    C 266 (71.50%) 249 (68.41%)
    A 106 (28.50%) 115 (31.59%) 0.841 1.159 (0.845-1.589) 0.359
Note: Ref, reference. The enumeration data are expressed by rate or percentage or constituent ratio, and chi-square test was 
used for statistical analysis. Relative risk of genotypes was expressed by odds ratio (OR) and 95% confidence interval (CI).

Table 4. Haplotype analysis of rs6265 and rs10835210 of BDNF gene

Case group (freq) Control group 
(freq) χ2 P OR (95% CI)

A A 115.00 (0.316) 106.00 (0.285) 0.841 0.359 1.159 (0.845-1.589)
A C 85.00 (0.234) 52.00 (0.140) 10.671 0.001 1.875 (1.281-2.743)
G C 164.00 (0.451) 214.00 (0.575) 11.456 0.001 0.605 (0.452-0.810)
Note: OR, Odds Ratio; CI, Confidence interval; BDNF, brain-derived neurotrophic factor.

phism, we analyzed the 
serum BDNF levels of 
BDNF genotype rs6265 
and rs10835210 in dif-
ferent cirrhotic patients. 
The results (Table 6) 
show that there was a 
significant difference in 
the level of serum BDNF 
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ple extrinsic and intrinsic factors [32]. The 
assessment of liver function in patients with 
HBV-induced liver cirrhosis, as well as the anal-
ysis of the severity of cirrhosis to achieve a 
clear and reasonable treatment plan has 
important clinical significance for the prognosis 

liver function classification in patients with 
HBV-induced liver cirrhosis, first, ELISA was 
used to detect serum BDNF levels, combined 
with the evaluation of other indexes related to 
the reflection of liver functions. It was found 
that serum cholinesterase activity, albumin, 
serum cholesterol, and serum BDNF level were 
significantly lower in the case group than in the 
control group, but the alanine aminotransfer-
ase, total bilirubin, aspartate aminotransfer-
ase, alkaline phosphatase and total bile acid 
level were higher than those of the latter group. 
A possible reason for the above results might 
be as follows. First, the liver plays an important 
role in the metabolic process of lipid synthesis 
and transportation [36]. In cirrhosis patients, 
liver cells undergo degeneration and necrosis, 
and many enzymes and proteins that liver cells 
synthesize to regulate lipid metabolism can 
lead to a decrease of blood lipid level. Secondly, 
patients with liver cirrhosis may develop malnu-
trition and hypoproteinemia [37] due to gastro-
intestinal congestion, malabsorption, and loss 
of appetite. Thirdly, in patients with liver cirrho-
sis, liver cell damage, hormone synthesis and 
decomposition, as well as glucose metabolism 
are disordered [38]. At the same time, liver cir-
rhosis cell degeneration, necrosis, and fibrosis 
result in destroyed normal structure, leading to 
the restriction of blood supply, and liver func-

Table 5. Frequency distribution of gene loci in different grades of HBV-
related liver cirrhosis

Genotypes Grade A  
(n = 56)

Grade B  
(n = 69)

Grade C  
(n = 57) P* P# P&

rs6265
    GG 22 (39.28%) 13 (18.84%) 3 (5.27%) 0.011 < 0.001 0.003
    AG 28 (50.00%) 37 (53.62%) 23 (40.35%)
    AA 6 (10.72%) 19 (27.54%) 31 (54.38%)
    AG + AA 34 (60.72%) 56 (81.16%) 54 (94.73%) 0.016 < 0.001 0.023
    G 72 (64.28%) 63 (45.65%) 29 (25.44%) 0.004 < 0.001 0.001
    A 40 (35.72%) 75 (54.35%) 85 (74.56%)
rs10835210
    CC 24 (42.86%) 30 (43.48%) 26 (45.61%) 0.929 0.14 0.236
    CA 26 (46.43%) 33 (47.83%) 30 (52.63%)
    AA 6 (10.71%) 6 (8.69%) 1 (1.76%)
    CA + AA 32 (57.14%) 39 (56.52%) 31 (54.39%) 0.944 0.85 0.858
    C 74 (66.07%) 93 (67.39%) 82 (71.93%) 0.893 0.389 0.493
    A 38 (33.93%) 45 (32.61%) 32 (28.07%)
Note: P* refers to the comparison between grades B and A; P# refers to the com-
parison between grades C and A; P& refers to the comparison between grades C 
and B. The enumeration data were expressed by rate or percentage or constituent 
ratio, and chi-square test was used for statistical analysis. HBV, hepatitis B virus. 

of patients. At present, 
there are many evalua-
tion indexes and meth-
ods of the degree of 
liver damage and li- 
ver reserve function in 
liver cirrhotic patien- 
ts, biochemical index-
es such as alanine 
aminotransferase, as- 
partate aminotransfer-
ase, total bilirubin, al- 
bumin, cholinesterase, 
serum lipid, also in- 
cluding Child-Pugh cla- 
ssification [33], the 
model for end-stage 
liver disease (MELD) 
score [34] and MELD-
Na score [35].

In the study, for the 
purpose of exploring 
the correlation of se- 
rum BDNF level with 

Table 6. Comparison of serum BDNF levels 
between different genotypes

Genotypes Cases Serum BDNF 
level P

rs6265
    GG 38 (20.88%) 17.23 ± 2.73 < 0.001
    AG 88 (48.35%) 15.94 ± 2.56
    AA 56 (30.77%) 14.85 ± 2.35
    G 164 (45.05%) 16.05 ± 3.02 0.009
    A 200 (54.95%) 15.24 ± 2.82
rs10835210
    CC 80 (43.96%) 16.15 ± 3.27 0.152
    CA 89 (48.90%) 15.21 ± 3.15
    AA 13 (7.14%) 15.36 ± 2.63
    C 249 (68.41%) 15.81 ± 3.26 0.114
    A 115 (31.59%) 15.24 ± 3.02
Note: The measurement data are mean ± standard devia-
tion, and one-way ANOVA was used for comparison among 
multiple groups. Fisher’s least significant difference t test 
(LSD-t) was used for the pairwise comparison after ANOVA 
analysis, and t test was used in the two groups. BDNF, brain-
derived neurotrophic factor; ANOVA, analysis of variance.
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tion is further impaired. With the elevation of 
Child-Pugh classification [39] in patients with 
HBV-induced liver cirrhosis, the serum cholin-
esterase activity, albumin, and serum choles-
terol were reduced accordingly. The decreased 
trend of serum BDNF level was even lower, and 
the increase of alanine aminotransferase, total 
bilirubin, aspartate aminotransferase, alkaline 
phosphatase, and total bile acid level was even 
higher. It was considered that with the increased 
Child-Pugh score, the injury of liver cells gradu-
ally increased, as did the area of hepatic 
fibrosis.I This induced severe damage of liver 
cell mitochondria, endoplasmic reticulum, and 
lysosome organelles, significantly reduced 
enzyme synthesis and metabolism of blood lip-
ids, and disordered cell synthesis and lipid 
metabolism [40, 41]. Further correlation analy-
sis suggested that serum BDNF level was nega-
tively correlated with alanine aminotransfer-
ase, aspartate aminotransferase, total biliru-
bin, alkaline phosphatase, and total bile acid, 
whereas serum BDNF level was positively cor-
related with cholinesterase, albumin, and 
cholesterol.

The relationship between BDNF rs6265 and 
rs10835210 gene polymorphism and different 
liver function classification in HBV-induced liver 
cirrhosis has not been reported. Furthermore, 
in this study, a Chinese population was involved 
as the patients of the study, and PCR-RFLP [42, 
43] was applied to detect the distribution of 
genotypes and alleles of SNP loci at BDNF in 
the Chinese Han population for the analysis of 
allele and genotype polymorphism of BDNF 
SNPs. Results of one-site model showed that 
the frequency distribution of GG, GA, and AA 
genotypes in the rs6265 loci was statistically 
different in the case group and the control 
group. Furthermore, the distribution of GA, AA 
and GA + AA genotypes was higher in the case 
group than that in the control group when com-
pared to those carrying GG genotype. The risk 
of HBV-induced liver cirrhosis in patients with 
GA and AA genotype was about 1.9 times and 
2.5 times as high as that of the GG genotype 
carriers, respectively. Furthermore, the risk of 
HBV-induced liver cirrhosis in patients with GA 
+ AA genotype was about 2.6 times as high as 
that of the GG genotype carriers. It was sug-
gested that this region might be closely linked 
to the susceptibility genes of liver cirrhosis. The 
frequency distribution of G and A alleles was 
statisticallydifferent in the case group and the 

control group. The A allele might increase the 
risk of HBV-induced liver cirrhosis. However, 
there was no obvious difference in the compari-
son of CC, CA and AA genotypes in the 
rs10835210 between the case group and the 
control group. This was speculated to be asso-
ciated with two major causes. One was the rela-
tively smaller frequency of genotype and alleles 
at rs10835210 locus, which affected the sta-
tistical effectiveness. Secondly, it might be 
related to the limited sample size of the present 
study, which remains to be further investigated 
in relatively larger population.

In the study of susceptibility genes of diseases, 
SNP is a genetic marker of dimorphism, and its 
heterozygosity and polymorphic information 
are relatively low in the population. For liver cir-
rhosis, a complex disease caused by the inter-
action between genes and other genes, as well 
as genes and environment [44-46], the simple 
analysis of polymorphism of a single locus in a 
gene cannot accurately draw a true relationship 
between genes and diseases. In order to make 
more effective use of genetic information to 
explore the genetic mechanism of disease, it  
is necessary to conduct multi-site analysis 
besides one-site analysis, namely, a haplotype 
analysis [47, 48].

Linkage disequilibrium test is the basis of hap-
lotype analysis to investigate of the correlation 
between haplotype and disease incidence in 
linkage disequilibrium block [49, 50]. To be spe-
cific, it is significant to locate the susceptible 
gene in a linkage disequilibrium block, or to 
explore the correlation between haplotype and 
disease incidence among adjacent linkage dis-
equilibrium block [51]. In this study, the Shesis 
software was used to analyze the degree of 
linkage disequilibrium between every two SNPs 
of BDNF. In the linkage disequilibrium analysis 
of rs6265 and rs10835210 in BDNF gene, it 
was found that there was relatively stronger 
linkage disequilibrium, suggesting the possibil-
ity of the performance of haplotype analysis. 
Therefore, haplotype analysis of rs6265 and 
rs10835210 in BDNF gene was achieved by 
Shesis software. In the overall samples, there 
were statistically significant differences of gen-
otype frequency distribution of GG, GA and AA 
in rs6265 in grade A and B, grade A and C as 
well as grade B and C liver cirrhosis patients. 
Also, the number of grade B and C liver cirrho-
sis patients with the AG + AA genotype was sig-
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nificantly increased in comparison with the 
patients with a grade A cirrhosis; Grade B and C 
liver cirrhosis patients with A allele were signifi-
cantly more than those with grade A cirrhosis. 
However, there was no statistical difference in 
the comparison of genotype and allele frequen-
cy distribution of rs10835210 in HBV-induced 
liver cirrhosis patients with different liver func-
tion classification. In addition, in haplotype 
analysis, the difference of AC and GC haplotype 
had statistical significance between the case 
group and the control group. Among them, AC 
haplotype might increase the risk of HBV 
induced liver cirrhosis. GC haplotype might be  
a protective haplotype in HBV-induced liver 
cirrhosis.

In sum, the level of serum BDNF and the rs6265 
of BDNF gene are associated with Child-Pugh 
classification of liver function in patients with 
HBV-induced cirrhosis. In addition, serum BDNF 
plays an important role in the grading and early 
diagnosis of liver function in patients with liver 
cirrhosis associated with HBV, and AA genotype 
at rs6265 locus of BDNF gene is a negative fac-
tor for liver cirrhosis. However, the results also 
need to be tested in different populations to 
further confirm the relationship with the Child-
Pugh classification of liver function in patients 
with liver cirrhosis. In addition, in view of the 
relationship between BDNF gene polymor-
phism and liver function grading in patients 
with HBV induced liver cirrhosis, it is necessary 
to further expand the sample size in order to 
improve the quality of the study. Furthermore, 
we also need to use gene expression analysis 
and western blot analysis in order to further 
explore the relationship between the BDNF 
gene and liver cirrhosis.
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