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Aim. The aim of the present research was to find the correlation of single nucleotide polymorphisms (SNPs) of cytochrome P450
(CYP450) and hepatitis B-caused cirrhosis. Methods. Collection of specimens was done from 297 volunteers with confirmed
hepatitis B-caused cirrhosis as well as 120 healthy volunteers in China. Individuals were categorized into three classes, i.e., A,
B, and C, on the basis of the Child-Pugh-Turcotte (CPT) value of diseased people, while the Child-Pugh-Turcotte score was
determined by rating the below mentioned 5 parameters, i.e., serum volume of bilirubin as well as albumin, prothrombin time,
ascites, and encephalopathy. Twenty-four SNPs in the CYP450 superfamily including CYPI1A2, CYP2A6, CYP2C9, CYP2C19,
CYP2D6, CYP2EI, and CY3A4 were detected using the SNaPshot assay. Results. CYP1A2-G2964A, CYPIA2-C733A, and
CYP1A2-T5347C in all 24 SNP loci attained significance. AA genotype at CYPIA2-G2964A (P =0.048) and CC genotype at
CYP1A2-T5347C (P =0.049) were significantly correlated with hepatitis B-caused cirrhosis. Moreover, an allele at CYPIA2-
G2964A (P=0.032) and C allele at CYPIA2-T5347C (P=0.016) were associated with hepatitis B-caused cirrhosis.
Furthermore, AC plus AA genotype at CYP1A2-C733A correlated with a TCM syndrome, “damp abundance due to spleen
asthenia syndrome” (P =0.039) in individuals suffering from hepatitis B-resulted cirrhosis. Conclusion. The findings of the
current study suggested that AA genotype at CYP1A2-G2964A and CC genotype at CYPIA2-T5347C may be higher risk in the
occurrence of hepatitis B-caused cirrhosis. Moreover, patients with AC plus AA genotype at CYPIA2-C733A may be

susceptible to appear having “damp abundance due to spleen asthenia syndrome.”

1. Introduction

Hepatitis B virus is considered as a crucial disease in China,
as well as regarded as an important reason for virus-based
hepatocellular disorders, i.e., liver cirrhosis (LC) and hepato-
cellular carcinoma (HCC) [1, 2]. Throughout the world,
chronic hepatitis B virus disease is a key health risk in subse-
quent developing of hepatocellular carcinoma [3]. 350 mil-
lion hepatitis B virus-affected individuals are present
having 15-25% chances of death due to these virus-based
hepatocellular diseases [4]. In the development of Hepatitis
B virus disease, hepatotropic deoxyribonucleic acid virus is
involved in damaging the hepatic system. Due to which, a
wide range of physical indications appeared, from no symp-
toms/carrier formed to persistent hepatitis B or hepatitis B-
caused cirrhosis, which can also cause HCC [5, 6]. Five-

year survival rate has been observed in individuals suffering
from persistent hepatitis B, persistent hepatitis B virus dis-
ease that can also lead to pulmonary cirrhosis, persistent
HBV disease, and chronic hepatitis B.

Already done researches have reported the association
among genetic vulnerability of gene and hepatic disease,
i.e., aldehyde dehydrogenase 2 (ALDH2) and hepatocellular
carcinoma [7], interleukin-2, IFN-y, interleukin-10, and
hepatitis B and C virus or their coinfection [8] and CYP2E1
gene as well as hepatocellular carcinoma [9]. But this type of
association is not fully explored yet.

The cytochrome P450 (CYP450) is a vast superfamily
(46000 known members [10]) of haem-based mono-
oxygenases. Compounds of this pervasive superfamily per-
form a significant function in the metabolism and produc-
tion of exogenous medicine at large scale [11]. However,
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the correlation between CYP450 gene and hepatitis B-caused
cirrhosis remains poorly understood.

Classification of this infection is significant in examina-
tion of this infection. In liver cirrhosis, different genetic
makeup has been applied for the categorization, ie., CPT
categorization, compensation/decompensation stage, pul-
monary activities, and TCM syndrome. TCM disease, also
known as “ZHENG,” is regarded as key basics of the concept
of theory of this syndrome. Each examination and treatment
technique in TCM is established on the basis of differentia-
tion of “ZHENG” [12]. This also evaluated the TCM identi-
fication of outline of signs of the ailment rather than a
normal collection of signs of syndrome.

In the current research, we evaluated the relationship
between CYP450 single nucleotide polymorphism and hepa-
titis B-caused cirrhosis and the relationship between these
polymorphisms and the phenotype of hepatitis B-caused
cirrhosis.

2. Materials and Methods

2.1. Patients and Healthy Controls. A total of 297 individuals
having cirrhosis caused by hepatitis B and 120 healthy controls
were included in the current research. These individuals
belonged to Longhua, Shuguang, Yueyang, and Putuo Hospi-
tals located in Shanghai, the First Allied Hospital of Henan
University of Traditional Chinese Medicine, and Ruikang
Hospital in Guangxi, China, and had been chosen on the basis
of age (from 18 to 65 years), gender, and ethnicity (Table 1).
The healthy control subjects were volunteers from the Medical
Examination Center. All patients and controls were Chinese
yellow race. Blood sampling was done in all individuals, by
providing informed consent and ethical review board accep-
tance according to the principles of the Declaration of Hel-
sinki. 3 ml blood sample was obtained from every participant
and then stored at -80°C prior to nucleic acid extraction.

2.2. Classification of Child-Pugh, Phase, and TCM Syndrome.
Individuals that participated in the study were categorized in
classes A, B, and C on the basis of the Child-Pugh-Turcotte
(CPT) value of patients; the Child-Pugh-Turcotte value was
computed with the help of 5 frameworks, i.e., serum volume
of bilirubin as well as albumin, prothrombin time, ascites,
and encephalopathy [13, 14]. When signs of patient were
identified, compensation as well as decompensation phase
was regarded as 2 categories of LC.

According to “diagnosis, syndrome differentiation of
TCM and evaluate the curative effect of liver cirrhosis” [15],
six of TCM syndrome types in individuals suffering from hep-
atitis B-caused cirrhosis were defined and classified. They are
“liver-qi stagnation syndrome,” “damp abundance due to
spleen asthenia syndrome,” “damp-heat syndrome,” “liver-
kidney yin deficiency syndrome,” “blood stasis syndrome,”
and “yang deficiency of spleen and kidney syndrome.”

2.3. Selection of SNPs in CYP450 Genes. In this study, the
International Haplotype Mapping (http://www.hapmap
.org), NCBI database (http://www.ncbi.nlm.nih.gov/snp),
and FastSNP (http://fastsnp.ibms.sinica.edu.tw) were used
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TasBLE 1: Clinical data of patients with hepatitis B-caused cirrhosis.

Gender

Male (%) 218 (73.40)
Female (%) 79 (26.60)
Mean age (y) 49.15 +10.28
Child-Pugh-Turcotte score (%)

A 218 (75.43)
B 57 (19.72)
C 14 (4.84)
Phase (%)

Compensation phase 151 (50.84)
Decompensation phase 146 (49.16)
Area

Shanghai 180 (60.61)
Guangxi 69 (23.23)
Henan 48 (16.16)

for single nucleotide polymorphism selection. Twenty-four
SNP loci in 7 genes of the CYP450 superfamily were selected
including 4 of the CYP1A2 gene, 6 of the CYP2A6 gene, 4 of
the CYP2C9 gene, 4 of the CYP2CI9 gene, 2 of the CYP2D6
gene, 2 of the CYP2EI gene, and 2 of the CYP3A4 gene
(Table 2).

2.4. DNA Extraction. Blood specimens of every participant
were taken in potassium EDTA (K,EDTA) vials. Chromo-
somal DNA was from 1ml peripheral blood from single
specimen, with the help of TTANamp Blood DNA Kit (Tian-
gen Biotech, Beijing, China) chromosomal DNA from 1ml
peripheral blood of each specimen. Afterwards, DNA was
kept at -80°C for further processing.

2.5. SNP Genotyping. By using ABI PRISM® SNaPshot™
Multiplex Kit (Applied Biosystems, USA) and ABI 3730
XL DNA Analyzer (Applied Biosystems, USA), genotyping
of single nucleotide polymorphisms was done. All proce-
dures were done as earlier [16-18]. Primer sequences
(Table 2) were chosen to amplify the DNA. Firstly, multiplex
PCR was performed. Samples processed by multiplex poly-
merase chain reaction were examined/analyzed using two
percent agarose-TBE gels for qualitative analysis and to
check the yield. Secondly, other polymerase chain reaction
products were processed with 5U and 2U shrimp alkaline
phosphatase (rSAP) as well as exonuclease I, respectively,
in order to exclude extra deoxyribonucleotide triphosphates.
Thirdly, SNaPshot was done with the help of ABI PRISM®
SNaPshot™ Multiplex Kit. Experiment was done with vol-
ume of 10yl consisting of 5ul SNaPshot Multiplex Ready
Reaction Mix, 3 ul rSAP/exonuclease-treated multiplex poly-
merase chain reaction samples, and 1ul of probe mix
(Table 3). Extension processes were done in a PCR machine
consist of 45 rounds for 20 s denaturing at 96°C, 5s anneal-
ing at 50°C, and then 30s elongation at 60°C. 10 ul samples
were processed with rSAP (1 U/sample) for 60 min at 37°C
and then 15min inactivation at 75°C. 0.5 yl extension prod-
uct that was diluted was added to 8.6ul of HiDi™
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TABLE 2: Gene position, polymorphism, and primer sequences of CYP450 SNPs.

Gene position RS number Polymorphism Primer sequence 5'-3 Gene frequencies (%)
CYP1A2-C733A rs762551 C/A 1}:{: 55 ,’CCTTAGS\TTCGCCAGGTCGCTCTCC{}Cc?réCCTT}: ,’ 62.06
CYP1A2-G2964A rs2069514 G/A E: Ssiég(é‘:(;gi(éiiﬁggggﬁz 41.77
CYP1A2-5347T>C rs2470890 T/C l:{: zl,égié‘éiiigggﬁi%ggﬁg: ,, 14.29
CYP2A6-5065G>A 528399454 AIG R 5F,élAiacccTTTGGCGTTCGTTGCACGTﬁ?%L?; 3 Low
CYP2A6-6558T>C 155031016 C/T F:Rb-: ,592?222222222?22?%2?, Low
CreNGT oy o F:5GAACTICRERRICAAGTOZRD) Low
CYP2A6-6600G>T  1s28399468 G/IT F’RS: fé{;ggggéggggégggg?’ Low
CYP2A6-479T>A rs1801272 AIT F:Ii ’S,Géf;ggggigggéégggz,3, Low
CYP2C9-A1075C rs1057910 A/IC R ; é’:;fg? AlTl (l; iﬁﬁééégfg%ég N 461
CYP2C19-G681A 154244285 A/G F;;}_C,S&C: éTGCIZ(éCGiTGG GG GCTATT(?TTTT GG 33,/ 41.37
CYP2C19-G636A rs4986893 A/G F:}i, SIf‘iACTTTTCC}iTGTGC GC é%?égg:ﬁfiz}y 4.55
CYP2CI9-C1297T 1556337013 cIT F Ii’: _Sl?_CTTGCTACTACACGC GT;: CCCT?TTTG(?GT gTC éxAcg;y Low
cmcioAmIG. s aG 1 ATGATGTITGGATACCITCATOAT.S
CYP2D6-C188T rs1065852 C/T F};:S;}?CC c?ggg CG g:fgg:gffﬁ c? GGTT 33,, 85.14
CYP2D6-G4268C rs1135840 C/G R:F; ,i?gfgéig%iigii%?&iig 3 40.90
CYP2EI-G10059A  rs55897648 AIG ; ;:ggég? gg? é:fGC g g:féggz’, Low
CYP3A4-T878C 128371759 C/T F: 5’ TGAAACCACCCCCAGTGTAC3 Low

R: 5'-CCCTCCTTCTCCATGTACCA-3'




TaBLE 2: Continued.
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Gene position

RS number Polymorphism Primer sequence 5’-3'

Gene frequencies (%)

CYP3A4-A13989G

F: 5'-CAGTGGACTACCCCTTGGAA-3'

rs55951658 C/T

R: 5'-GCATCTAGCATAGGGCCCAT-3’

Low

TaBLE 3: SNaPshot probes for CYP450 detection.

Gene position Probe sequence (5’ —3") Size (bp) Probes of type
CYPI1A2-C558A TTTTTTTTTTTTTTTTCACCACCTGATTGTAAGGGTC 37 G/T
CYPIA2-C733A TTTTTTTTTTTTTTTAGGGTGAGCTCTGTGGGC 33 A/C
CYP1A2-G2964A CGCAACCTCCGCCTCTC 17 A/G
CYP1A2-5347T>C TTTCAGAATGGTGGTGTCTTCTTCA 25 A/IG
CYP2A6-383G>A TGGCGATGGAGAAGCGC 17 C/IT
CYP2A6-5065G>A CGAGATCCAAAGATTTGGAGAC 22 A/IG
CYP2A6-6558T>C TTTTTTTTCCTCCCAGTCACCTAAGGACA 28 C/T
CYP2A6-1436G>T ITTTTTTTTTTTTTTTTTTTGTCCCCCAAACACGTGG 36 G/T
CYP2A6-6600G>T TTTTTTTTTTTTTTTTTTCAGGAAGCTCATGGTGTAGTTT 40 A/C
CYP2A6-479T>A TTTTTTTTTTTTTTTTTTTTTTTTTTTTTCTTCCTCATCGACGCCC 46 A/T
CYP2C9-1003C>T AACGTGTGATTGGCAGAAAC 20 C/IT
CYP2C9-A1075C ITTTTTTTTTTTTTTTTTTTTTGCACGAGGTCCAGAGATAC 41 A/C
CYP2C9-449G>A CGTGTTCAAGAGGAAGCCC 19 A/IG
CYP2(C9-3276T>C AAGGAAGCCCTGATTGATCT 20 C/T
CYP2CI19-G681A CCCACTATCATTGATTATTTCCC 23 A/IG
CYP2CI19-G636A TTTTTTTTTAAAACTTGGCCTTACCTGGAT 30 C/IT
CYP2C19-C1297T TTTTTTTTTTTTTTTCCCTCTCCCACACAAATCC 34 A/G
CYP2CI19-A991G TTTTTTTTTTTTTTTTTTTTTGCTCCGGTTTCTGCCAA 38 C/T
CYP2D6-C188T GCTGGGCTGCACGCTAC 17 C/T
CYP2D6-G4268C TTTTTTTTTTTTTTTTTTTTTGTCTTTGCTTTCCTGGTGA 40 C/IG
CYP2EI-G1168A GTACGTGGGCTCGCAGC 17 A/G
CYP2E1-G10059A TTGTTTCTCCTAGGGCACAGTC 22 A/G
CYP3A4-T878C TTTTTTTTTTCCTTTCAGCTCTGTCCGATC 30 C/IT
CYP3A4-A13989G TTTTTTTTTTTTTGTGGGATTTATGAAAAGTGCC 34 A/G

formamide, 0.9 ul Genescan-120 LIZ size. Denaturation was
done at 95°C for 5 minutes prior to cooling for 4 min; after
that, separation was done by ABI PRISM 3730 XL Genetic
Analyzer. The GeneMapper 4.0 tool (Applied Biosystems,
USA) was applied for evaluation.

2.6. Statistical Analysis. From the dataset, it was evaluated
that occurrence of genetic makeup followed the Hardy-
Weinberg equilibrium between calculated and already pre-
dicted genotype scores through SNaPshot analysis. Geno-
typic and allelic frequency between groups and comparison
between genotypes and phenotypes in terms of correlation
were done through the X? test. P < 0.05 was regarded statis-
tically significant for all analysis.

3. Results

3.1. Features of Study Population. Frequencies of 24 CYP 450
gene loci were assessed in 297 individuals that suffered from

hepatitis B-caused cirrhosis and 120 nondiseased volunteers
as controls in China. HWE analysis evaluated nonsignificant
difference for distribution of analyzed genotypes when com-
pared with predicted distribution (P > 0.05). Age range was
18-65 years (mean+SD, 49.15+10.28, Table 1) of the
research participants. Furthermore, age and gender of gene
polymorphisms were not significantly different in our study
population (P > 0.05).

3.2. Genotype and Allele of CYP450 in Patients and Healthy
Controls. The SNaPshot method showed that 9 in 24 SNP
loci with detectable frequencies were available for statistical
analysis in volunteers that suffered from HBV infection-
caused cirrhosis and controls (Table 4).

CYP1A2-G2964A and CYPIA2-T5347C showed some
evidence of relevance between cases with hepatitis B-
caused cirrhosis and controls (Table 4). It was showed that
the AA homozygous genotype (P =0.048, 95% CI: 0.160-
1.016, OR=0.403) and AG heterozygous genotype
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TaBLE 4: Frequency of CYPIA2-G2964A, CYPIA2-C733A, and CYPIA2-T5347C genotypes between patients with hepatitis B-caused

cirrhosis and healthy controls.

Cases (%)

Control (%)

Gene/genotype (n=297) (1 = 120) OR (95% CI) P
CYPI1A2-G2964A

GG 133 (45.08) 66 (55.00) 1.0 (reference)

AG 132 (44.75) 48 (40.00) 0.733 (0.471-1.141) 0.168

AA 30 (10.17) 6 (5.00) 0.403 (0.160-1.016) 0.048
CYP1A2-C733A

CC 29 (9.80) 16 (13.33) 1.0 (reference)

AC 149 (50.34) 60 (50.00) 0.730 (0.370-1.441) 0.363

AA 118 (39.86) 44 (36.67) 0.676 (0.335-1.363) 0.272
CYP1A2-T5347C

TT 6 (2.02) 5 (4.39) 1.0 (reference)

CT 49 (16.50) 46 (40.35) 1.127 (0.322-3.944) 0.852

CC 242 (81.48) 63 (55.26) 0.312 (0.092-1.057) 0.049

(P=0.168, 95% CI: 0.471-1.141, OR=0.733) at CYP1A2-
G2964A were significant differences compared to GG wild-
type genotype, respectively. CT heterozygous genotype
(P =0.852,95% CI: 0.322-3.944, OR = 1.127) and CC homo-
zygous genotype (P=0.049, 95% CI: 0.092-1.057, OR =
0.312) at CYP1A2-T5347C were compared to TT wild-type
genotype, respectively. But there was no significant correla-
tion among genotypes of CYPIA2-C733A and hepatitis B-
caused cirrhosis and controls.

Moreover, the allele of CYP1A2-G2964A and CYP1A2-
T5347C was analyzed in cases with hepatitis B-caused cirrho-
sis and controls. G allele at CYP1A2-G2964A has significant
differences compared to that of A allele (P =0.032, 95% CI:
1.031-2.032, OR = 1.447). T allele at CYPIA2-T5347C has sig-
nificant differences compared to that of C allele (P =0.016,
95% CI: 0.404-0.912, OR = 0.607). However, there was no sig-
nificant correlation between A allele at CYP1A2-G2964A and
C allele at CYP1A2-T5347C and hepatitis B-caused cirrhosis
and controls, respectively (Table 5).

3.3. Correlation between the Genotypes of CYPIA2 and
Child-Pugh  Classification — and  Compensation  or
Decompensation Phase in Hepatitis B-Caused Cirrhosis.
Nonsignificant correlation among genotypes of CYP1A2
and Child-Pugh classification for hepatitis B-caused cirrho-
sis was observed. This was evaluated; P values were 0.181
and 0.198 between genotypes of CYPIA2-G2964A and
CYP1A2-C733A and Child-Pugh classification (classes A
and B+C), respectively (Table 6). P value was 0.605 between
genotypes of CYP1A2-T5347C and Child-Pugh classification
(class A, B+C).

No statistically significant correlation was observed
among the genetic makeup of CYPIA2 and hepatitis B-
caused cirrhosis phase. The P values were 0.496 and 0.290
between genotypes of CYPIA2-G2964A and CYPIA2-
C733A and phase (compensation, decompensation phase),
respectively. The P value was 0.291 between genotypes of
CYP1A2-T5347C and phase (compensation, decompensa-
tion phase).

3.4. Correlation between the Genotypes of CYPIA2 and TCM
Syndromes in Hepatitis B-Caused Cirrhosis. The correlation
between CYPIA2-G2964A, CYP1A2-C733A, and CYP1A2-
T5347C and traditional Chinese medicine syndromes was
analyzed in volunteers having hepatitis B-caused cirrhosis.
It was showed that AC heterozygous and AA homozygous
genotypes at CYP1A2-C733A were significant differences
compared to CC wild-type genotype (P =0.039) between
the “damp abundance due to spleen asthenia syndrome”
and other traditional Chinese medicine syndromes. But no
significance was observed in the correlation among the
genetic makeup of CYPIA2-G2964A, CYPIA2-T5347C,
and TCM syndromes (Table 7).

4. Discussion

The CYP450 is a superfamily consisting of catalytic mole-
cules which can speed up metabolism of xenobiotic chemi-
cals or medicines, compounds present in the environment
and endogenous compounds. The role of CYP450 enzymes
in cancer was studied over the last decade [19], and the rela-
tionships between genetic polymorphism and many types of
cancer are the major research, such as colorectal cancer [20,
21] and breast cancer [22, 23]. However, the correlation
between CYP450 polymorphism and hepatitis B-caused cir-
rhosis is less studied.

Single nucleotide polymorphisms are mutations in one
base pair of genomic DNA that can be stably inherited in
most human populations and has no difference in the vari-
ous tissues of human. Hence, we can obtain the polymor-
phism information from expediently acquired materials
such as peripheral blood, saliva, and hair for clinical diagno-
sis. In this study, peripheral blood specimens were obtained
from 297 individuals suffering from hepatitis B-caused cir-
rhosis as well as 120 healthy controls.

According to the literature and SNP-related database, 24
loci of 7 genes were screened. It showed that 15 loci of them
are low frequencies. Finally, 3 SNP loci of CYPIA2 gene
(CYP1A2-G2964A, CYP1A2-C733A, and CYP1A2-T5347C)
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TaBLE 5: Frequency of CYP1A2-G2964A, CYP1A2-C733A, and CYP1A2-T5347C alleles between patients with hepatitis B-caused cirrhosis
and healthy controls.

Cases (%) Control (%) N
Gene/allele (n=297) (1 = 120) OR (95% CI) P
CYPI1A2-G2964A
A 192 (32.54) 60 (25.00)
1.447 (1.031-2.032) 0.032
G 398 (67.46) 180 (75.00)
CYP1A2-C733A
A 385 (65.03) 148 (61.67)
1.156 (0.848-1.577) 0.359
C 207 (34.97) 92 (38.33)
CYP1A2-T5347C
C 514 (87.71) 195 (81.25)
T 72 (12.29) 45 (18.75) 0.607 (0.404-0.912) 0.016

TaBLE 6: Correlation between CYPIA2 and Child-Pugh classification and phase in patients with hepatitis B-caused cirrhosis.

Child classification Phase
Gene/genotype Cézsi 1;1(8?) Cl(a:s:BS 7(;/0) CI?ZS:CVS%’) P Compensation (7 =151) - Decompensation (n = 146) P
CYPI1A2-G2964A
GG 101 (46.76) 21 (36.84) 8 (57.14) 71 (47.02) 62 (42.47)
AG 93 (43.06) 31 (54.39)  3(2143)  0.181 67 (44.37) 65 (44.52) 0.496
AA 22 (10.19) 5 (8.77) 3 (21.43) 13 (8.61) 17 (11.64)
CYPI1A2-C733A
CC 19 (8.76) 6 (10.53) 4 (28.57) 11 (7.28) 18 (12.33)
AC 110 (50.69) 30 (52.63) 5 (35.71) 0.198 76 (50.33) 73 (50.00) 0.290
AA 88 (40.55) 21 (36.84) 5 (35.71) 64 (42.38) 54 (36.99)
CYP1A2-T5347C
TT 4 (1.83) 2 (3.51) 0 (0) 5 (3.31) 1 (0.68)
CT 37 (16.97) 6 (10.53) 3 (21.43) 0.605* 26 (17.22) 23 (15.75) 0.2914
CC 177 (81.19) 49 (85.96) 11 (78.57) 120 (82.19) 122 (83.56)

*Fisher’s exact test between class A and class B+C. “Fisher’s exact test.

TaBLE 7: Correlation between CYP1A2-G2964A, CYP1A2-C733A, and CYPIA2-T5347C and TCM syndromes in patients with hepatitis B-
caused cirrhosis.

CYP1A2- CYP1A2- CYPI1A2-

TCM syndrome type G2964A P C733A P T5347C P
GG AG+AA CC AC+AA TT CT+CC

Liver-qi stagnation syndrome 29 32 0.759 5 61 0.566 2 59 0.630"
Damp abundance due to spleen asthenia syndrome 21 21 0.575 8 30 0.039 0 46
Damp-heat syndrome 29 40 0.613 7 62 0.944 1 69 1.000*
Liver-kidney yin deficiency syndrome 17 24 0.636 2 39 0.399* 0 42
Blood stasis syndrome 31 37 0977 6 62 0.794 3 60 0.200
Yang deficiency of spleen and kidney syndrome 6 6 0.753 1 11 1.000* 0 12
Total 133 160 29 265 6 288

*Fisher’s exact test.

were used for analysis. It was illustrated that CYPIA2-G2964A  stronger correlation with this disease (Table 4). Both the
and CYPIA2-T5347C are correlated to varying degrees of the ~ homozygous mutants in these 2 loci (AA for CYPIA2-
risk levels of hepatitis B-caused cirrhosis. The result also ~ G2964A and CC for CYP1A2-T5347C) have significant differ-
showed that the CYP1A2-T5347C and CYP1A2-G2964A have ence between cases and controls (both P < 0.05), whereas their
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heterozygous mutants (AG for CYP1A2-G2964A and CT for
CYP1A2-T5347C) between cases and controls have no signif-
icant difference, indicating that the homozygous mutants may
play a more important role than heterozygous mutants in
these loci in the process of hepatitis B-caused cirrhosis.

Single nucleotide polymorphism constitutes almost 90%
human DNA polymorphism [24]. Less rate of mutation as
well as significant arbitrary nature of variations in the bp
constitutes single nucleotide polymorphism alleles well sta-
ble [25] and most (>80%) of them are usual in the entire
human populations; however, allele frequencies vary [26].
In this study, the allele A frequency of CYPIA2-G2964A
and the allele C frequency of CYP1A2-T5347C are both sig-
nificantly correlated with hepatitis B-caused cirrhosis (both
P <0.05), whereas allele A frequency of CYPIA2-C733A
has no correlation with this disease (Table 5). These results
supported the above finding that there is significant correla-
tion between the CYP1A2-G2964A genotype and hepatitis
B-caused cirrhosis.

CYPIA2 is considered as the main member of the P450
superfamily [27]; it contributes 13% of total CYP protein
of the liver [28]. CYP1A2 action might be applied for mon-
itoring the changes in hepatic activities in clinical work
[29]. Moreover, this also performs function of metabolism
of various clinical medicines, environmental toxic materials,
and endogenous substrates [30]. Previous studies showed
that the abundance of the CYPIA2 «1F variant was higher
in Caucasians, after its comparison with Japanese subjects
[31]. On the other hand, people of Egypt had more incidence
of CYPIA2 = IF variant (0.68) than people of Japan (0.61).
We analyzed the genotype distribution and allele frequency
of 120 healthy people in our study, the presence of CYPIA2
G2964A allele showed similarity when compared with indi-
viduals of Japan (G: 0.75 vs. 0.77; A: 0.25 vs. 0.23) [32], and
the incidence of CYP1A2 C2964A allele was the same when
comparison was done with Germans (C: 0.62 vs. 0.68; A:
0.38 vs. 0.32) [33]. The frequency of A allele was similar
compared with Qidong and Changsha in China (0.25 vs.
0.25 vs. 0.22) [34].

The TCM syndrome type is a consequence of disease
classification. According to TCM theory, the patients of the
same disease can be classified into different syndrome types.
There is significant correlation between CYPI1A2-C733A
mutation genotypes and the TCM syndrome “damp abun-
dance due to spleen asthenia syndrome.” It can be perceived
for the classification of traditional Chinese medicine syn-
drome type in hepatitis B-resulted cirrhosis and may be
helpful in the clinical diagnosis of TCM.

5. Conclusion

The current study evaluated the relationship between
CYP450 SNPs and hepatitis B-caused cirrhosis. The results
suggested that there is a correlation between AA genotype
at CYPIA2-G2964A and CC genotype at CYPIA2-T5347C
and hepatitis B-caused cirrhosis. Moreover, there is a corre-
lation between AC plus AA genotype at CYP1A2-C733A and
the “damp abundance due to spleen asthenia syndrome” of
TCM.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Qing-Ya Li collected samples and clinical data and per-
formed the research and drafted the manuscript; Xiaona
Yang and Zhi-Zhong Guo revised the manuscript.

Acknowledgments

This paper is a phased research result of the project of
“Henan Provincial Scientific Research Project of TCM
(2013Z2Y02061).” We thank Longhua Hospital, Shuguang
Hospital, Putuo Hospital, and Yueyang Hospital of Shanghai
University of TCM, Ruikang Hospital and the First Affiliated
Hospital of Guangxi University of TCM, and the First Affil-
iated Hospital of Henan University of TCM, respectively.

References

[1] T. Vescovo, B. Pagni, M. Piacentini, G. M. Fimia, and
M. Antonioli, “Regulation of autophagy in cells infected with
oncogenic human viruses and its impact on cancer develop-
ment,” Frontiers in Cell and Developmental Biology, vol. 8,
p. 47, 2020.

[2] H.Zhao, P. Zhu, T. Han et al., “Clinical characteristics analysis
of 1180 patients with hepatocellular carcinoma secondary to
hepatitis B, hepatitis C and alcoholic liver disease,” Journal of
Clinical Laboratory Analysis, vol. 34, no. 2, article e23075,
2020.

[3] W. Nong, L. Ma, B. Lan et al., “Comprehensive identification
of bridge genes to explain the progression from chronic hepa-
titis B virus infection to hepatocellular carcinoma,” Journal of
Inflammation Research, vol. 14, pp. 1613-1624, 2021.

[4] M. Tanaka, F. Katayama, H. Kato et al., “Hepatitis B and C
virus infection and hepatocellular carcinoma in China: a
review of epidemiology and control measures,” Journal of Epi-
demiology, vol. 21, no. 6, pp. 401-416, 2011.

[5] M. A. Odenwald and S. Paul, “Viral hepatitis: past, present,
and future,” World Journal of Gastroenterology, vol. 28,
no. 14, pp. 1405-1429, 2022.

[6] T. Q. Reuter, G. Gomes, M. Chufhi et al., “Hepatitis B virus
genotypes and subgenotypes and the natural history and epi-
demiology of hepatitis B,” Annals of Hepatology, vol. 27, 2022.

[7] S. Yao, X. Yin, T. Chen et al., “ALDH2 is a prognostic bio-
marker and related with immune infiltrates in HCC,” Ameri-
can Journal of Cancer Research, vol. 11, no. 11, pp. 5319-
5337, 2021.

[8] N. V. Vlasenko, N. S. Churilova, Y. V. Panasyuk et al., “Single
nucleotide polymorphisms of the interleukin-1 superfamily
members: association with viral hepatitis B and C,” Journal
of Microbiology, Epidemiology and Immunobiology, vol. 98,
no. 2, pp. 198-212, 2021.



(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

[24]

E. M. Abo-Has, M. A. Elwakil, Y. M. Shabana et al., “CYP2E1
and L-myc EcoRI gene polymorphisms and heavy metals
exposure in hepatocellular carcinoma patients,” International
Journal of Cancer Research, vol. 16, no. 2, pp. 48-53, 2020.

J. D. Finnigan, C. Young, D. J. Cook, S. J. Charnock, and G. W.
Black, “Cytochromes P450 (P450s): a review of the class sys-
tem with a focus on prokaryotic P450s,” Advances in Protein
Chemistry and Structural Biology, vol. 122, pp. 289-320, 2020.
D. Correddu, G. D. Nardo, and G. Gilardi, “Self-sufficient class
VII cytochromes P450: from full-length structure to synthetic
biology applications,” Trends in Biotechnology, vol. 39, no. 11,
pp. 1184-1207, 2021.

D. Song, Y. Xia, R. Wang, and H. Xu, “Using traditional Chi-
nese medicine ideas as a mechanism to engage people in health
awareness,” Sustainability, vol. 10, no. 8, p. 2702, 2018.

F. Cappelli, S. Baldasseroni, F. Bergesio et al., “Liver dysfunction
as predictor of prognosis in patients with amyloidosis: utility of
the model for end-stage liver disease (MELD) scoring system,”
Internal & Emergency Medicine, vol. 12, no. 1, pp. 23-30, 2017.

A. Zwanenburg and S. Lock, “Why validation of prognostic
models matters?,” Radiotherapy and Oncology, vol. 127,
no. 3, pp. 370-373, 2018.

Y. X. Zhang, “Dlagnosis, syndrome differentiation of TCM and
evaluate the curative effect of liver cirrhosis (tentative
scheme),” Chinese Journal of Integrative Medicine, vol. 14,
pp. 237-238, 1994,

J. M. van Qers, I. Lurkin, A. J. van Exsel et al., “A simple and
fast method for the simultaneous detection of nine fibroblast
growth factor receptor 3 mutations in bladder cancer and
voided urine,” Cancer Research, vol. 11, no. 21, pp. 7743-
7748, 2005.

S. Filippini, A. Blanco, A. Fernandez-Marmiesse et al., “Multi-
plex SNaPshot for detection of BRCA1/2 common mutations
in Spanish and Spanish related breast/ovarian cancer families,”
BMC Medical Genetics, vol. 8, no. 1, p. 40, 2007.

C. D. Hurst, T. C. Zuiverloon, C. Hafner, E. C. Zwarthoff, and
M. A. Knowles, “A SNaPshot assay for the rapid and simple
detection of four common hotspot codon mutations in the
PIK3CA gene,” BMC Research Notes, vol. 2, no. 1, p. 66, 2009.

M. C. Stipp and A. Acco, “Involvement of cytochrome P450
enzymes in inflammation and cancer: a review,” Cancer Chemo-
therapy and Pharmacology, vol. 87, no. 3, pp. 295-309, 2021.

V. S. Burlaka and A. A. Burlaka, “Cytochrome P450 content in
primary tumors and liver metastases of patients with metasta-
tic colorectal cancer,” Experimental Oncology, vol. 42, no. 4,
pp. 330-332, 2020.

B. A. A. Naji and W. T. Mahdi, “CYP2E1 polymorphisms and
colorectal cancer,” Research Journal of Pharmacy and Technol-
0gy, vol. 14, no. 7, pp. 3879-3882, 2021.

C. W. H. Chan, C. Li, E. J. Xiao et al., “Association between
genetic polymorphisms in cytochrome P450 enzymes and sur-
vivals in women with breast cancer receiving adjuvant endo-
crine therapy: a systematic review and meta-analysis,” Expert
Reviews in Molecular Medicine, vol. 24, 2022.

B.Luo, D. Yan, H. Yan, and J. Yuan, “Cytochrome P450: impli-
cations for human breast cancer,” Oncology Letters, vol. 22,
no. 1, p. 548, 2021.

F. S. Collins, L. D. Brooks, and A. Chakravarti, “A DNA poly-
morphism discovery resource for research on human genetic
variation,” Genome Research, vol. 8, no. 12, pp. 1229-1231,
1998.

[25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

BioMed Research International

I. C. Gra, D. A. Campbell, and N. K. Spurr, “Single nucleotide
polymorphisms as tools in human genetics,” Human Molecu-
lar Genetics, vol. 9, no. 16, pp. 2403-2408, 2000.

P. A. Audano, A. Sulovari, T. A. Graves-Lindsay et al., “Char-
acterizing the major structural variant alleles of the human
genome,” Cell, vol. 176, no. 3, pp. 663-675.e19, 2019.

D. R. Nelson, L. Koymans, T. Kamataki et al., “P450 superfam-
ily: update on new sequences, gene mapping, accession num-
bers and nomenclature,” Pharmacogenetics, vol. 6, no. 1,
pp. 1-42, 1996.

J. P. Connick, J. R. Reed, and W. L. Backes, “Characterization
of interactions among CYP1A2, CYP2B4, and NADPH-
cytochrome P450 reductase: identification of specific protein
complexes,” Drug Metabolism ¢ Disposition, vol. 46, no. 3,
pp. 197-203, 2018.

G. Barreto, B. Grecco, P. Merola, C. E. G. Reis, B. Gualano, and
B. Saunders, “Novel insights on caffeine supplementation,
CYP1A2 genotype, physiological responses and exercise per-
formance,” European Journal of Applied Physiology, vol. 121,
no. 3, pp. 749-769, 2021.

S. P. Rendic and F. P. Guengerich, “Human family 1-4 cyto-
chrome P450 enzymes involved in the metabolic activation
of xenobiotic and physiological chemicals: an update,”
Archives of Toxicology, vol. 95, no. 2, pp. 395-472, 2021.

M. Chida, T. Yokoi, T. Fukui, M. Kinoshita, J. Yokota, and
T. Kamataki, “Detection of three genetic polymorphisms in
the 5'-flanking region and intron 1 of human CYP1A2 in
the Japanese population,” Japanese Journal of Cancer Research,
vol. 90, no. 9, pp- 899-902, 1999.

M. Nakajima, T. Yokoi, M. Mizutani, M. Kinoshitah,
M. Funayama, and T. Kamataki, “Genetic polymorphism in
the 5'-flanking region of humanCYP1A2 gene: effect on the
CYP1A2 inducibility in humans,” Journal of Biochemistry,
vol. 125, no. 4, pp- 803-808, 1999.

C. Sachse, J. Brockmoller, S. Bauer, and I. Roots, “Functional
significance of a C—A polymorphism in intron 1 of the cyto-
chrome P450 CYP1A2 gene tested with caffeine,” British Jour-
nal of Clinical Pharmacology, vol. 47, no. 4, pp. 445-449, 1999.
X. M. Han, X. P. Chen, Q. N. Wu, C. H. Jiang, and H. H. Zhou,
“G-2964A and C734A genetic polymorphisms of CYP1A2 in
Chinese population,” Acta Pharmacologica Sinica, vol. 21,
no. 11, pp. 1031-1034, 2000.



	Retracted: Correlation Analysis of Cytochrome P450 SNPs in Hepatitis B-Caused Cirrhosis Patients



