© 1JHG 2022
PRINT: ISSN 0972-3757 ONLINE: ISSN 2456-6330

Int J Hum Genet, 22(1): 37-42 (2022)
DOI: 10.31901/24566330.2022/22.01.798

Relationship between Cytochrome P450 2E1 Gene
Polymorphism and Susceptibility of Low Birth Weight Infants

Xiaoli Liu, Juan Du, Pei He, Xuemei Gao and Xiaoyan Deng*

Department of Obstetrics and Gynecology, Wuhan No.1 Hospital, Wuhan 430022, China

KEYWORDS Cytochrome p450 2E1. Gene Polymorphism. Low Birth Weight. Susceptibility

ABSTRACT The purpose of this study is to investigate the relationship between cytochrome P450 2E1 (CYP2EL)
Rsal/Pstl and Dral single gene polymorphism (SNP) and low birth weight infants (LBW) of Chinese population. The
researchers detected CYP2EL Rsal/Pstl and Dral SNPs by real-time PCR cycling and HRM analysis in 461 premature
delivery and 461 healthy pregnant women. This paper found that Rsal/Pstl C,C, was statistically significantly
correlation with increased risk of LBW (Odds ratios= 0.66,95% CI: 0.44-0.98, P = 0.04) and (Odds ratios = 0.75 ,
95% CI: 0.56-0.99, P=0.04) for C,C,, compared with C,C,; and C,C; + CLsz respectively. When CYP2E1 Rsal/Pstl
and Dral SNPs combine, the risk of low birth weight infants was increased in individuals with both Dral TT and Rsal/
Pstl C,C, genotypes (Odds ratios=0.59, 95% CI1=0.36-0.97). The current study demonstrates CYP2E1 Rsal/Pstl
polymorphism is significantly related to LBW and the interaction between the Rsal/Pstl and Dral polymorphisms has

a significant impact on LBW.

INTRODUCTION

Cytochrome P450 (CYP450) is a type of mul-
tifunctional enzyme system, which mainly exists
in the liver. CYP450 participates biotransforma-
tion in biological endogenous compounds in-
cluding fatty acids, steroids and bile acids and
exogenous compounds including drugs, pro-
carcinogens and pro-toxicants (Rocejanasaro et
al. 2014). In the human CYP450 super family, cy-
tochrome P4502E1 (CYP2E1) accounts for sev-
en percent of the total amount of CYP450 in the
liver (Gonzalez 2007). CYP2EL is mainly partici-
pate in the metabolism and activation of many
small molecules for instance ethanol, nitro-
samines, halogenated hydrocarbons and ben-
zene (Wang et al. 1999). Furthermore, the phys-
iological function of CYP2E1 may be mainly re-
lated to the glycogen genesis of acetone (Hu et
al. 1997). It also involved in drug metabolism,
and can catalyse the activation process of many
pre-carcinogens and pro-toxins (Wu et al. 1997).
As the SNPs in five flanking regions of the gene
can cause obvious individual variations in its
transcription activity, it can lead to obvious in-
dividual differences in enzyme activity (Howell
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etal. 2008). Rsal (rs2031920) and Pstl (rs3813867)
are SNPs in five flanking regions. The two SNPs
were in complete linkage disequilibrium (LD), Ac-
cording to reports, this will alter the transcrip-
tional activity of genes, which results in three
different genotypes, that is, the homozygote of
normal alleles (C,Cy» Rsa I+ /Pst I-), the nucle-
otide heterozygote (C,C,) and homozygote (C,Cy
Rsa I-/Pst I+) after nucleotide substitution (Han
and Zhou 2000). Another important SNP is Dral
(rs6413432) inintron 6, which is a mutation from T
to Athat is reported to alter the transcription of
the CYP2E1 gene (Tang et al. 2000).

Low birth weight (LBW) refers to babies
whose birth weight is less than 2500 grams (Cai
2002), which is an adverse pregnancy outcome.
LBW can lead to higher mortality making babies
susceptible to mental retardation and stunted
growth.(Pinz et al. 2015; Doritsakou et al. 2016).
The adverse pregnancy outcome of low birth
weight in new-borns has many influencing fac-
tors including social, nutritional, psychological,
environmental, infection, and genetic factors
(Zhang et al. 2008; Grazuleviciene et al. 2015; Yu
etal. 2012; Tiwari etal. 2015). Some researchers
at home and abroad have studied the suscepti-
bility of many related genes to LBW, but the
results of the studies are inconsistent.

Objective

In order to clarify the possible impact of
genes or the interaction between genes and
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genes on LBW, the researchers conducted an
epidemiological investigation of the Department
of Obstetrics and Gynaecology Wuhan No. 1 Hos-
pital. The goal of this article is to observe observe
the influence of the polymorphism at the 5 terminal
Rsa | site of the gene CYP2E1 on the LBW

MATERIAL AND METHODS
Subjects

This case-control study involved 922 preg-
nancy cases undergoing delivery, the case group
consisting 461 blood samples from mothers of
preterm infants, and the control group consist-
ing 461 maternal blood samples of normal deliv-
ery in the same period. They were all recruited
from the Department of Obstetrics and Gynee-
cology Wuhan No. 1 Hospital from November
2017 to February 2021.

Mothers were included in the standard for
no obstetric complications, such as eclampsia,
diabetes and placenta previa.The standard of
choosing LBW infants is gestational age >28
weeks, weight <2500 grams., should have been
aormal delivery, excluding premature infants due
to accidents, and eliminated twins or more tyres
with congenital fetus malformation. The criteria
for choosing normal weight infants are: >28
weeks of gestational weeks of birth in the same
hospital, >2500 grams of weight, or difference in
birth time between <7 days, normal single birth
babies, and not including pregnant women and
newborns with complications and pregnancy
complications. No statistical meaning exist be-
tween the two groups (P > 0.05). The study was
approved by the Institutional Ethics Committee
of Wuhan No. 1 Hospital, and all procedures
follow agency guidelines.

DNA Extraction and Genotyping

According to reagent instructions, QlAamp
DNA microkit (Qiagen) was used to extract DNA
from whole blood samples.Through polymerase
chain reaction high resolution melts (PCR-HRM)
and LightCycler® 480 System (Roche Applied
Science, Germany),the PCR products of the ana-
lyzed variants were analyzed by high-resolution
melt (HRM) analysis. Rsal/Pstl primers used in-
cluded F52 -GAGAGGTGCAGTGTFAGGTGC -
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32,R52 -CA-GACCCTCITCCACCITCTATG -
3’,and Dral: F52-TCG TCAGTT CCT GAAAG
CAGG-32,R52-GAG CTCTGATGCAAGTAT
CGC-32 .At 10 ¥4l amplification in volume, mixed
with wild type DNA in samples as standard. Dis-
tinguish wild-type and mutant homozygotes by
PCR-labeled samples with known genotype se-
quences. Using unknown genome DNA (30 ng)
as template, and another 3 ng of known wild-
type DNA (confirmed by sequencing before).
The PCR reaction conditions are as follows, that
is, first pre-denaturation at 94 °C for 3 minutes of
1 cycle, then at 94 °C denaturation for 30 sec-
onds, 57 °C refolding for 45 seconds, 68 °C ex-
tension for 45 seconds for 35 cycles, and finally
at 68 °C for 7 minutes of 1 cycle. Results were
analysed by the LightCycler® 480 Gene Scan-
ning software v1.2 (Roche Diagnostics, Pen-
zberg, Germany). As mentioned earlier, in 96 well
plates, PCR cycles and HRM were applied to all
experimental steps (Sun et al. 2015). Direct se-
quencing was used to verify the 50 random sam-
ples selected on the ABI17500 sequence detec-
tion system(Applied Biosystems, USA). The
HRM genotyping results are consistent with the
direct sequencing results.

Statistical Analysis

All analyses were carried out in the social
science statistical package (SPSS) 20. Hardy-
Weinberg equilibrium (HWE) of the Rsal/Pstl
alleles in the controls was assessed y2-test.
Odds ratios (ORs) and their 95 percent confi-
dence intervals (Cls) calculateing by uncondi-
tional logistic regression models were performed
to estimate the association between polymor-
phism and LBW risk. P<0.05 were considered
statistical significant.

RESULTS

Association of Rsal/Pstl and Dral Gene
Polymorphism with LBW

The researchers performed PCR-HRM to anal-
yse Rsal/Pstl and Dral polymorphism. showed
Three different graphs that can detect three dif-
ferent genotypes of Rsal/Pstl and Dral poly-
morphism were shown in Figure 1. Table 1
showed the distributions of Rsal/Pstl and Dral
genotypes in cases and controls. The genotype
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Fig.1. Melting curves of CYP2Elgenotyping by high resolution melting analysis. There were three different

genotypes for the Rsal/Pstl (A) and Dral (B) polymorphisms in the study population

Table 1: Association of CYP2E1 Rsal/Pstl and Dral gene polymorphism with LBW

Genotype Case (N=461), OR P-value Control
(N=461), N (%) N (%) (95% CI) HWE
Rsal/Pstl 0.06
clcl 84 (18.2) 68 (14.8) 1.00
clc2 255 (55.3) 243 (52.7) 0.85 (0.59-1.22) 0.38
c2c2 122 (26.5) 150 (32.5) 0.66 (0.44-0.98) 0.04"
Alleles
cl 423 (45.9) 379 (41.1) 1.00
c2 499 (54.1) 543 (58.9) 0.82 (0.68-0.99) 0.04"
Dral 0.50
TT 291 (63.1) 285 (61.8) 1.00
TA 153 (33.2) 158 (34.3) 0.95 (0.72-1.25) 0.71
AA 17 (3.7) 18 (3.9) 0.93 (0.47-1.83) 0.82
Alleles
T 735 (79.7) 728 (79.0) 1.00
A 187 (20.3) 194 (21.0) 0.96 (0.76-1.20) 0.69

LBW = Low birth weight; n (%) = frequency; OR = odds ratio; Cl = confidence interval.”*P -value < 0.05.
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frequencies of Rsal/Pstl and Dral in the control
group were consistent with HWE (P = 0.06 for
Rsal/Pstl, and P = 0.50 for Dral). The frequen-
cies of Rsal/Pstl C,C;: C,C, and C,C, genotypes
were 18.2 percent, 55.3 percent and 26.5 percent
respectively, while those in the control group
were 14.8 percent, 52.7 percent and 32.5 percent
respectively. There were significant differences
in genotype distribution between case and con-
trol groups ccompared with C,C,; and C,C; + C,Cy
the ORs of C,C, were 0.66 (95% CI:0.44-0.98,P =
0.04) and 0.75 0.75 (95% CI: 0.56-0.99, P =0.04),
respectively. The C,C, genotype appeared in
patients was with a higher frequency of statisti-
cal significance Furthermore, ccompared with
subjects with C alleles, subjects with C, alleles
showed significant increases (OR =0.82, 95% Cl
=0.68-0.99, P = 0.04). The results showed that
the C allele of pregnant women may be a risk
factor for LBW.

The frequencies of Dral TT, TAand AAin
the cases were 63.1 percent, 33.2 percentand 3.7
percent respectively, while those in the control
group were 61.2 percent, 34.3 percent and 3.9
percent respectively. TA and AA genotype had
no significant effect on LBW, comparing with
TT genotype, ORs was 0.95 (95% CI: 0.72 - 1.25)
and 0.93 (95% CI: 0.47 - 1.83).

Interaction between CYP2E1 Rsal/Pstl
Polymorphism and Gene Dral Polymorphism
onLBW

The combination of Rsal / PSII polymorphism
and drai polymorphism were shown in Table 2.
In Dral homozygote, the frequency of Rsal / Pstl
C,C; genotype markedly lower than of controls

(24.7% and 34.0%, respectively, P <0.05). In ad-
dition, the presence of Dral TT and Rsal/Pstl
C,C, genotypes were interrelated with an in-
creased of LBW risk compared with individuals
lacking both genotypes (or = 0.59, 95% CI = 0.36
—0.97). These results indicate that Dral TT and
Rsal/Pstl C,C,genotypes interact with each other
in increasing LBW risk.

DISCUSSION

In this study, the researchers explored the
relationship between the polymorphism at the
Rsal/Pstl site at the CYP2E152 -flank region and
the polymorphism at the Dral site in intron 6.
Through the analysis of 461 cases and 461 con-
trols the researchers found that the homozygous
gene type of Rsal/Pstl c2c2 were statistically
significantly associated with a increased risk of
LBW risk. This indicates that mothers carrying
CYP2E1 Rsal/Pstl gene polymorphisms are risk
factors for LBW, which will greatly increase the
risk of LBW infants. However, the wild homozy-
gous genotype of Dral compared with the mu-
tant homozygous genotype/heterozygous geno-
type did not significantly increase the risk of
LBW, which indicates that the gene CYP2E1 Dral
site polymorphism has nothing to do with LBW.
In addition, the correlation of 2 SNPs and LBW
risk exhibit a gene-gene interaction, and the risk
of LBW in subjects with Dral TT is not remark-
able. Nevertheless, the existence of Dral TT and
Rsal/Pstl C2C2 genotypes are more sensitive to
LBW.

CYP2E1 gene is mainly expressed in the liv-
er, and its products can metabolise many drugs

Table 2: Risk of LBW associated with Dral genotypes by Rsal/Pstl genotypes

Controls, n (%)

OR (95% CI) P-value

Genotype Cases, n (%)
Dral Rsal/Pstl
TT clcl 57 (12.4)
clc2 162 (35.1)
c2c2 72 (15.6)
TA clcl 25 (5.4)
clc2 82 (17.8)
c2c2 46 (10.0)
AA clcl 2 (0.4)
clc2 11 (2.4)
c2c2 4 (0.9

44 (9.5) 1.00 (reference)

147 (31.9) 0.85 (0.54-1.34) 0.48
94 (20.4) 0.59 (0.36-0.97) 0.04
21 (4.6) 0.92 (0.46-1.85) 0.81
87 (18.9) 0.73 (0.44-1.19) 0.21
50 (10.8) 0.71 (0.41-1.25) 0.23

3 (0.7) 0.52 (0.08-3.21) 0.48
9 (1.9) 0.94 (0.36-2.48) 0.91
6 (1.3) 0.52 (0.14-1.94) 0.33

LBW = Low birth weight; n (%) = frequency; OR = odds ratio; Cl = confidence interval. P -value < 0.05.
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and exogenous substances to inactivate it. At
the same time, it can also activate many exoge-
nous substrates such as environmental pollut-
ants benzene, herbicides, pesticides and food
additives to form liver poisons or carcinogens,
causing a variety of human diseases (Hu et al.
1997; Zhang et al. 2010; Balaji et al. 2011; Kato et
al. 2011; Cai et al. 2005). The genetic polymor-
phisms of CYP2E1 are related to those diseases
and physical conditions including diabetes, fa-
milial hypercholesterolemia, atherosclerosis,
neonatal neural tube defects, and acute leuke-
mia (Jiang et al. 2008). Vieira et al. discovered
that CYP2E1 gene expression was Very little in
the foetal period of human development, but its
expression level increased significantly after foe-
tal birth (Vieira et al. 1996). Oesterheld reports
that different CYP450 genes are activated and
expressed at different stages of individual de-
velopment, and among them, CYP2E1 gene be-
gins to be expressed during the second trimes-
ter of foetal development, and it may be involved
in the metabolism of foetal alcohol (Oesterheld
1998). Rasheed et al. found that pregnant wom-
en with alcohol drinking history at the end of
pregnancy can activate CYP2E1, make it express
in large quantities, produce active enzymes, and
then decompose alcohol to form a large number
of toxic substances, resulting in the reduction
of foetal head after birth (Rasheed et al. 1997). In
this study, the researchers analysed the rela-
tionship between the polymorphisms of CYP2E1
and LBW. From the results, the CYP2E1 Rsal/
Pstl c2c2 homozygous genotype was significant-
ly related to LBW. After adjusting for environ-
mental factors, there was still a significant corre-
lation. However, its biological mechanism is still
not very clear, and further research is needed.
The researchers collected clinical and epide-
miological data from 922 pregnancy cases un-
dergoing delivery. The large number of samples
makes the results more reliable. In addition, the
population surveyed is a low-risk group (best
childbearing age, married women with early pre-
natal health care), which allows the researchers
to eliminate the social environment factors and
study the underlying causes of gene and LBW.
Some limitations should be considered in the
study. First, the sources of the research sub-
jects were different, and their age and ethnic
composition are different. Second, the adverse
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pregnancy outcome of low birth weight in new-
borns is the result of the combined effect of ge-
netic and environmental factors. However, the
study is only conducted from the perspective of
individual genes, which is not comprehensive
enough. Therefore, when conducting research,
in addition to increasing the sample size, it is
also necessary to consider the gene environment
interaction, and between genes and genes.

CONCLUSION

The current study demonstrates that CYP2E1
52 -flank region Rsal/Pstl polymorphism is sig-
nificantly related to LBW. However, the genetic
Dral TT polymorphism was not significantly re-
lated to LBW, and the interaction between the
two genetic polymorphisms has a significant
impact on the occurrence of LBW.

RECOMMENDATIONS

More specific functions of CYP2E1 polymor-
phisms in the LBW are expected to be discov-
ered in the near future. The biological mecha-
nism in it is still not very clear and needs to be
further clarified.

ABBREVIATIONS

CYP450: Cytochrome P450

CYP2E1: cytochrome P450 2E1

LBW: low birth weight

SNP: single gene polymorphism
LDylinkage disequilibrium

PCR-HRM: real-time polymerase chain
reaction high-resolution melt

¢ HRM: high-resolution melt

* 6 6 0 0 0

STATISTICALSYMBOL

¢ SPSS: Statistical Package for the Social
Science

HWE: Hardy-Weinberg equilibrium

x2: Chi square test

ORs: odds ratios

Cls: confidence intervals

* 6 o o0

ETHICSAPPROVAL

All the study participants gave a written in-
formed consent. A formal consent was also is-



42 XIAOLI LIU, JUAN DU, PEI HE, XUEMEI GAO ET AL.

sued the Department of Obstetrics and Gyno-
ecology Wuhan No. 1 Hospital (Approval number,
13.15.2021).

REFERENCES

Balaji L, Singh KB, Bhaskar LV 2011. Genetic polymor-
phisms of the CYP2E1 gene do not contribute to oral
cancer susceptibility in South Indians. Asian Pac J
Cancer Prev, 12(6): 1523-1527.

Cai Shixiang 2002. Long-term investigation and analy-
sis of intelligent development and adaptive behavior
in low birth weight infants. Chinese Journal of Eu-
genics and Genetics, 10(1): 91.

Cai L, Zheng ZL, Zhang ZF 2005. Cytochrome p450
2E1 polymorphisms and the risk of gastric cardia
cancer. World J Gastroenterol, 11(12): 1867-1871.

Doritsakou K, Liosis G, Valsami G et al. 2016. Improved
outcomes of feeding low birth weight infants with
predominantly raw human milk versus donor banked
milk and formula. J Matern Fetal Neonatal Med, 29(7):
1131-1138.

Gonzalez FJ 2007. The 2006 Bernard B. Brodie award
lecture. CYP2EL. Drug Metab Dispos, 35(1): 1-8.
Grazuleviciene R, Danileviciute A, Dedele A et al. 2015.

Surrounding greenness, proximity to city parks and
pregnancy outcomes in Kaunas cohort study. Inter-
national Journal of Hygiene & Environmental Health,

218(3): 358-365.

Han XM, Zhou HH 2000. Polymorphism of CYP450 and
cancer susceptibility. Acta Pharmacol Sin, 21: 673-679.

Howell EA, Hebert P, Chatterjee S et al. 2008. Black/
white differences in very low birth weight neonatal
mortality rates among New York City hospitals. Pe-
diatrics, 21(3): e407-415.

Hu Y, Oscarson M, Johansson | et al. 1997. Genetic poly-
morphism of human CYP2EL: Characterization of two
variant alleles. Mol Pharmacol, 51(3): 370-376.

Jiang Liejun, Chen Ming, Qin Guifang 2008. The rela-
tionship between cytochrome P4501A1, glutathione
S-transferase gene polymorphism and acute lympho-
blastic leukemia. Journal of Youjiang Medical Col-
lege for Nationalities, 30(5): 721-723.

Kato S, Naito Z, Matsuda N, Onodera H, Sakurazawa N et al.
2011. Localization of cytochrome P4502E1 enzyme in
normal and cancerous gastric mucosa and association with
its genetic polymorphism in unoperated and remnant
stomach. J Nihon Med Sch, 78(4): 224-234.

Oesterheld JR 1998. A review of developmental aspects of
cytochrome P450. J Child Adol Psychop, 8(3): 161-174.

Int J Hum Genet, 22(1): 37-42 (2022)

Pinz On-Ro Nd On AM, Guti Errez-Pinzon V, Madrinan
-Avia H et al. 2015. Low birth weight and prenatal
care in Colombia: A cross-sectional study. BMC Preg-
nancy & Childbirth, 15(1): 1-7.

Rasheed, Hines RN, MeCagver May DG 1997. Variation
in induction of human placental CYP2E1: Possible
role in susceptibility to fetal alcohol syndrome? Tox-
icol Appl Phagm, 144(2): 396-400.

Rocejanasaro JA, Tencomnao T, Sangkitikomol W
2014. Thunbergia laurifolia extract minimizes the
adverse effects of toxicants by regulation P-glyco-
protein activity, CYP450, and lipid metabolism gene
expression in HepG2 cells. Genetics and Molecular
Research (GMR), 13(1): 205.

Sun Shuang, Jin Guojiang, Kang Hui 2015. CD81 and
CLDN1 polymorphisms and hepatitis C virus infec-
tion susceptibility: A case—control study. Gene, 567:
87-91.

Tang K, Li Y, Zhang Z, Gu Y, Xiong Y et al. 2010. The
Pstl/Rsal and Dral polymorphisms of CYP2E1 and
head and neck cancer risk: A meta-analysis based on
21 case-control studies. BMC Cancer, 10: 575.

Tiwari D, Bose PD, Da S et al. 2015. MTHFR, C677T
polymorphism and PR, (PROGINS) mutation as ge-
netic factors for preterm delivery, fetal death and low
birth weight: A Northeast Indian population based
study. Meta Gene, 3: 31-42.

Vieira I, Sonnler M, Cresteil T 1996. Developmental
expression of CYP2E1L in the human liver-Hyperme-
thylation control of gene expression during the neo-
natal period. Eur J Biochem, 238(2): 476-483.

Wang J, Liu ZL, Li JR et al. 1999. Polymorphismsinthe5'-
flanking reglon of cytochrome P4502E1 gene in Guan.
Acad JSU MS, 20(1): 29-31.

Wu Z L, Xie HG, Zhou HH 1997. Recent advance of
cytochrome P450 2E1. Chin J Clin Phagmacol, 13(1):
57-62.

Yu L, Li Wy, Chen Ry et al. 2012. Pregnancy outcomes
and risk factors for low birth weight and preterm
delivery among HIV infected pregnant women in
Guangxi, China. Chin Med J, 125(3): 403-409.

Zhang Ronglian, Chen Lieping, Chen Qiyan et al. 2008.
The effect of pregnant women’s physical and mental
health care on low birth weight infants. Chinese Jour-
nal of Epidemiology, 29(6): 569-572.

Zhan P, Wang J, Zhang Y, Qiu LX, Zhao SF et al. 2010.
CYP2E1 Rsa I/Pst | polymorphism is associated with
lung cancer risk among Asians. Lung Cancer, 69(1):
19-25.

Paper received for publication in July, 2021
Paper accepted for publication in August, 2021



