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Abstract

Background Aneuploidy pregnancy is a severe major birth defect and causes about 50% spontaneous miscarriages

with unknown etiology. To date, only a few epidemiological studies with small sample sizes have investigated the risk
factors for aneuploidy pregnancy. TP53, MDMZ2, and miR-34b/c genes are implicated in tumorigenesis with aneuploidy,
yet the function of their polymorphisms in aneuploidy pregnancy susceptibility needs to be clarified.

Objective To elucidate the association of TP53 rs1042522 G >C, MDM?2 rs2279744 309 T > G, and miR-34b/c rs4938723
T> C specific polymorphisms with aneuploidy pregnancy.

Methods In the retrospective case-control study, 330 aneuploidies pregnancy women and 813 normal pregnancy
controls were recruited between January 2018 and April 2022 at the First People’s Hospital of Yunnan Province,
Kunming, China. Three functional polymorphisms, the TP53 rs1042522 G > C (Arg72Pro), MDM2 rs2279744 309 T > G,
and miR-34b/c rs4938723 T > C, were genotyped using the snapshot method.

Results The frequency distribution of three genotypic variants was not different between case and control pregnant
women and was similar to with Hardy-Weinberg Equilibrium (HWE). However, in the younger subgroup (less than 35
years old), a significant difference was detected in allele and recessive model (p=0.01). In the advanced age subgroup
(more than or equal to 35 years old), G of MDM2 rs2279744 T > G revealed a significantly higher frequency in cases
than controls (p=0.045), and miR-34b/c rs4938723 T> C revealed a significant difference under the dominant model
(p=0.03), but no significant differences were observed in other models and in both younger and older subgroup
(p>0.05, respectively). These results suggest that individual polymorphisms were not associated with aneuploidy
pregnancy, combined with age, they may serve as a risk factor for aneuploidy pregnancy.

Conclusion Combination of TP53 51042522 G>C, MDM2 rs2279744 T > G, and miR-34b/c rs4938723 T>C
polymorphisms with maternal age may be related to aneuploidy pregnancy susceptibility. These findings might
elaborate on the genetic etiology of aneuploidy pregnancy.
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Introduction

Embryonic/fetal chromosomal number abnormalities are
detected in about 50% of early spontaneous abortions,
and aneuploidy is the most common abnormality among
the birth defects [1]. However, an accurate understanding
of the genetic etiology of aneuploidy pregnancy remains
unknown, which could provide valuable information for
medical management, reproductive genetic counseling,
and supportive patient care [2].Maternal genetic back-
ground might partake in the regulation of the formation
and continuous development of pregnancy, except for
advanced maternal age during the procedure.

TP53 protein product, p53, is an essential tumor sup-
pressor regulating several fundamental cellular activities,
such as cell cycle regulation, senescence, cellular stress,
apoptosis, and DNA damage [3]. TP53 gene downregu-
lation triggers somatic chromosomal instability [4].
However, the mechanism underlying this intolerance of
nondiploid genomes of cell is yet unknown. A potential
role of TP53 pathway gene mutations was as a risk factor
for human aneuploidy; it protects diploid cells and lim-
its the proliferation of aneuploidy in humans [4, 5]. TP53
plays a role in female reproduction by maintaining germ-
cell integrity and various steps of mice and humans [6].
Furthermore, the maintenance of spindle stability during
human meiosis and embryonic development is involved
in TP53 [7]. A vital TP53 gene polymorphism c.215G>C
(rs1042522) is related to the accumulation of aneuploidy
cells. TP53 rs1042522 G>C is located at codon 72, lead-
ing to a transversion from arginine (Arg) to proline (Pro)
bringing about the changed structure and function of
TP53 [8], which impairs apoptosis [9] and may pro-
motes the continual development of aneuploidy cells [5,
7]. Wild-type TP53 is regulated by mouse double min-
ute 2 (MDM2) via a negative feedback regulatory loop,
which plays a critical role in the expression level within
cells that revealed differential outcomes [10, 11]. MDM2
rs2279744 T>G polymorphism, deriving of a thymine to
guanine in the promoter region for MDM2 upregulates
MDM?2 mRNA and protein levels and affects the TP53
level. Accumulating evidence has shown that TP 53 regu-
lates the expression of various microRNAs [12]. miR-34
family members exhibit critical functions that have been
widely studied. In mammals, the miR-34 family consists
of three members: miR-34a, miR-34b, and miR-34c. miR-
34a is encoded by a unique DNA sequence and miR-34b
and miR-34c are derived from the same primary tran-
script (pri-miR-34b/c) [13]. The common functional
polymorphism rs4938723 T>C is located in the pro-
moter of miR-34b/c. Its transition from T to C may alter
the binding of the GATA-X transcription factor to the

pri-miR-34b/c [14], and its contribution to cancer sus-
ceptibility has been illustrated in a few studies [15-18].
Concerning the pivotal roles in cancer, recurrent
pregnancy loss susceptibility, and trisomy 21 [16-21],
the three important functional nonsynonymous poly-
morphisms were selected: rs1042522 G>C (Arg72Pro),
MDM?2 rs2279744 T>G and rs4938723 T >C. Given the
uncertain cause for aneuploidy pregnancy, we conducted
a case-control study to evaluate the associations between
TP53 ¢.215G>C (rs1042522), MDM?2 rs2279744 T>G@,
and miR-34b/c rs4938723 T >C polymorphisms and their
interaction with the aneuploidy pregnancy to explore the
potential genetic etiology. Therefore, this study would
establish a biomarker panel for prenatal prediction and
prognosis model of aneuploidy pregnancy women.

Materials and methods

Subjects

The case-control study enrolled 1143 women after a
prenatal diagnosis procedure, including 330 pregnant
women with a fetal chromosome aneuploidy and 813
age-matched normal female controls undergoing prena-
tal diagnosis in the Department of Medical Genetics at
The First People’s Hospital of Yunnan Province, Kun-
ming, China, during January 2018 to April 2022. Writ-
ten informed consent was obtained before participation
in the study. The study protocol is approved by the eth-
ics committees of the First People’s Hospital of Yunnan
Province. The study was performed in accordance with
the Declaration of Helsinki.

Fetal chromosome abnormality cases were diagnosed
as aneuploidy by karyotype analysis and structural abnor-
mality by copy number variation (CNV) method after
standard prenatal diagnosis. When one case was diag-
nosed, 2-3 age-matched normal controls were selected
concurrently. Women with an abnormal pregnancy his-
tory were excluded from the control group. For the cases,
couples with numerical and structural abnormal chromo-
somes were excluded from the study.

SNPs selection

Three frequently studied functional polymorphisms of
TP53 rs1042522 G>C, MDM?2 rs2279744 T>G, and
miR-34b/c rs4938723 T>C were selected in the study
for their associations in Down syndrome and some can-
cer with aneuploidy [7, 15, 16, 19]. TP53 rs1042522
G>C is located in chr17:7676154 (GRCh38.p14), MDM2
rs2279744 T >G polymorphism lies in chr12: 68,808,800
(GRCh38.p14), and miR-34b/c rs4938723 T>C is situ-
ated in chr11:111511840 (GRCh38.p14).
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Genotyping (including DNA extraction)

The residual peripheral blood was collected after the
clinical test for genomic DNA extraction using DNA
extraction kit (Trelief Hi-Pure Animal Genomic DNA
Kit, Qingke), and then DNA was preserved at —20 C
until test. The polymorphisms of TP53 rs1042522 G>C,
MDM?2 rs2279744 T>G, and miR-34b/c rs4938723
T>C were tested by SNaPshot SNP typing on a genetic
analyzer (ABI 3730xl). The DNA was amplified by
polymerase chain reaction (PCR) on a thermal cycler
(LongGene A300). The SNaPshot PCR primers are
listed in Table S1. The 5-pL reaction consisted of mix 2
pL, SNaPshot PCR primerl pL, purified PCR productsl
puL, and ddH,O 1 pL. The amplification in single-base
extension system was according to the following condi-
tions: initial denaturation at 96 ‘C for 1 min, 25 cycles of
denaturation at 96 ‘C for 10 s, annealing at 50 ‘C for 5 s,
and extension at 60 C for 30 s, and maintained at 4 C.
The electrophoresis sample reaction volume was 11 pL
(SNaPshot PCR products:1 pL, Hi-Di formamide: 9.90
uL, and GeneScan LIZ-120: 0.10 pL); the reaction condi-
tion was as follows: denaturation at 95 ‘C for 5 min and
rapid cooling at —20 C for 5 min. After spectrum calibra-
tion, the samples were separated via capillary electropho-
resis. The draft data were analyzed using Gene Mapper
software v4.1. The final genotypes were confirmed by
Sanger sequencing for 20% repeated sampling and the
results were completely in accordance with the SNaPshot.

Sample size calculation
PASS.11 was used to calculated the sample size. Accord-
ing to the frequencies of alleles analyzed in this study,

Table 1 Baseline characteristics of study participants

Items Controls Cases p
(n=813) (n=330)

Age (years) 32414599  3268+6.29 048

BMI 2146297 2148+311 0.3

Prenatal diagnosis pregnancy 2027+£249 2064+289 0.046

week (weeks)

Pregnancy times 2771145 2.85+1.46 043

Delivery times 0.71£0.58 0.78+0.66 0.05

Nationality 0.75

Han 623 (76.6%)  231(71.7%) 037"

Bai 72 (8.8%) 33 (10.2%)

Yi 31(3.8%) 11 (3.4%)

Hui 19 (2.3%) 722)%

Dai 15 (1.8%) 10(3.1) %

Others 53 (6.5%) 30(09.3) %

Prenatal diagnosis results

Trisomy 21 209 (63.3%)

Trisomy 18 25 (7.5%)

Trisomy 13 17 (5.1%)

Sex chromosome aneuploidy 79 (23.9%)

* The cutoff of p value was 0.003 (0.05/15) after the Bonferroni correction
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TP53 rs1042522 G>C, MDM?2 rs2279744 T>G, and
miR-34b/c rs4938723 T>C, to set a 95% confidence
interval (CI), odds ratios (ORs) as 1.6 based on the pub-
lished reports, and a 5% margin of error, when the cases
reached 330 and controls reached 813; the power of asso-
ciation can be achieved 0.92, then we stopped the sample
collection and carried out genotyping.

Statistical analysis

A chi-squared test was used to test Hardy—Weinberg
equilibrium (HWE) for all polymorphisms individually
in cases and controls. The differences in continuous vari-
ables and nominal variables between case-control groups
were compared using a Fisher’s t-test and a two-sided
chi-squared test, respectively. Binary logistic regres-
sion analysis was used to calculate ORs and 95% Cls.
The association of three polymorphisms with aneu-
ploidy pregnancy risk was assessed using ORs and 95%
ClIs, adjusting by significant difference variables of pre-
natal diagnosis pregnancy week and previous delivery
times. Stratification analysis by age was also conducted
to examine whether the effects of TP53 rs1042522 G>C,
MDM?2 rs2279744 T > @G, and miR-34b/c rs4938723 T>C
polymorphisms were heterogeneous. p<0.05 indicated a
statistically significant difference. All statistical analyses
were carried out using SPSS version 19.0 (SPSS Inc., IL,
USA).

Results

Demographic characteristics

The demographic characteristics of fetal aneuploidy
pregnant women and normal controls are listed in sup-
porting information Table 1. The differences between
cases and controls were assessed for mean age (p=0.48),
body mass index (BMI) (p=0.13), prenatal diagnosis
pregnancy week (p=0.046), pregnancy times (p=0.43),
previous delivery times (p=0.05), nationality (p=0.37),
and aneuploidy prenatal diagnosis results.

Association of TP53rs1042522 G>C, MDM2rs2279744
T>G, and miR-34b/crs4938723 T > C polymorphisms with
fetal aneuploidy
The genotype frequencies and the p-values of HWE of
TP53 rs1042522 G>C, MDM?2 rs2279744 T>G, and
miR-34b/c rs4938723 T >C are shown in Table 2. Neither
of the three polymorphisms revealed a significant bias
in the HWE in cases (p=0.60 for TP53 rs1042522 G>C,
p=0.42 for MDM?2 152279744 T>G, and p=0.16 for miR-
34b/c rs4938723 T>C) and controls (p=0.86 for TP53
rs1042522 G>C, p=0.16 for MDM?2 rs2279744 T>G,
and p=0.89 for miR-34b/c rs4938723 T>C).

The genotype frequency of TP53 rs1042522 G>C,
MDM?2 rs2279744 T >G and miR-34b/c rs4938723 T>C
in 330 cases and 813 normal control. None of these
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Table 2 Analysis of alleles, genotypes, and genetic models of TP53 rs1042522, MDM?2 rs2279744, and miR-34b/c rs4938723 between

cases and controls

TP53rs1042522 G>C Controls (n=813) Cases (n=330) OR (95% ClI) p
Genotype GG 156 19.20% 55 16.70% 057"
GC 403 49.60% 165 50.00%
CcC 254 31.20% 110 33.30%
Allele G 715 43.97% 275 41.67% 1
C 911 56.03% 385 58.33% 1.10(0.92-1.32) 0.31
Dominant GG vs. CC+GC 0.84 (060-1.18) 0.32
Recessive GG+GCvs. CC 0.91 (0,69-1.19) 049
HWE 0.86 0.60
MDM2 rs2279744T>G
Genotype TT 168 20.70% 65 19.70% 087"
TG 425 52.30% 171 51.80%
GG 220 27.10% 94 28.50%
Allele T 761 46.80% 301 45.61% 1
G 865 53.20% 359 54.39% 1.05 (0.88-1.26) 0.60
Dominant TT vs. GG+ GT 0.94 (0.68-1.29) 0.71
Recessive TT+GT vs. GG 0.93(0.70-1.24) 0.63
HWE 0.16 042
miR-34b/c rs4938723 T>C
Genotype T 374 46.00% 163 49.40% 039"
TC 356 43.80% 130 39.40%
CcC 83 10.20% 37 11.20%
Allele T 1104 67.90% 456 69.09% 1
C 522 32.10% 204 30.91% 0.95 (0.78-1.15) 0.58
Dominant TTvs. CC+TC 1.15(0.89-148) 0.29
Recessive TT+TCvs. CC 1.11(0.74-1.67) 0.62
HWE 0.89 0.16

p-values are adjusted by prenatal diagnosis pregnancy week and previous delivery times.

* The cutoff of p value was 0.166 (0.05/3) after the Bonferroni correction.

polymorphisms showed any significant association
between case and control groups in our study popula-
tion. Moreover, no significant association was observed
between TP53 rs1042522 G>C, MDM?2 rs2279744 T > @G,
and miR-34b/c rs4938723 T>C and fetal aneuploidy
pregnancy risk under the dominant, recessive model, and
allele analysis.

Age-based stratification analysis of TP53rs1042522 G>C,
MDM2 rs2279744 T > G, and miR-34b/crs4938723T>C
polymorphisms with fetal aneuploidy

According to the significant factor risk of advanced
maternal age, the participants were divided into two
subgroups stratified by age 35 years. The results of the
stratification analysis are summarized in Table 3. In the
younger group, the C allele frequency was significantly
higher in cases than controls (OR 1.25, 95% CI: 1.03—
1.51, p=0.03); a significant difference was detected found
in the recessive model (GG+GC vs. CC: OR 1.54, 95%
CI: 1.10-2.16, p=0.01). For the older group, a significant
difference was found in the recessive model (GG+GC
vs. CC: OR 0.58, 95% CI: 0.35-0.94, p=0.03). In the
advanced age group, the allele G of MDM2 rs2279744

T>G revealed a significantly higher frequency dis-
tribution in cases than controls (G vs. T: OR 1.30, 95%
CL: 1.00-1.68, p=0.045); miR-34b/c rs4938723 T>C
revealed a significant difference in the dominant model
(TT vs. CC+TC: OR 1.61, 95% CI: 1.05-2.46, p=0.03),
but no significant differences were found in the other
models and in the younger and older subgroup (p>0.05,
respectively).

Discussion

This case-control study explored the association of
maternal TP53 rs1042522 G>C, MDM?2 rs2279744 T >G,
and miR-34b/c rs4938723 T>C polymorphisms with
fetal chromosome aneuploidy. Our preliminary study
demonstrated that maternal polymorphisms of TP53
rs1042522 G>C, MDM?2 rs2279744 T >@, and miR-34b/c
rs4938723 T >C were not significantly related to the risk
of fetal aneuploidy in Chinese population. However, in
the age stratification analysis, the frequency of C allele
and CC genotype of TP53 rs1042522 G>C was increased
in cases but was decreased in advanced-age women, sug-
gesting its role in fetal chromosome numerical abnormal-
ity at different ages.
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The clinical significance of TP53 rs1042522 G>C
polymorphism is uncertain at present, regarding the
functions of missense, R72 is more efficient than P72 in
inducing apoptosis. The dysfunction of this polymor-
phism might decrease the apoptotic regulation, which
would eliminate chromosome numerical abnormality
embryos or increase the tolerance to these chromosome
instabilities in younger women with TP53 C allele carri-
ers [4]. TP53 rs1042522 G>C has also been associated
with fetal trisomy 21. C allele and CC genotype are com-
mon in the mother with trisomy 21 offspring [5, 19]. This
finding was in line with the results in the younger sub-
group of our study but contrary to those in the advanced
maternal age group perhaps for the coeffect with other
environmental factors.

As a benign clinical significance, MDM2 rs2279744
T>G polymorphism did not show a significant differ-
ence between case and control, but G allele is frequent in
the advanced age cases subgroup. The result was similar
to Salemi et al; MDM?2 rs2279744 T>G polymorphism
showed no significant association with fetal aneuploidy
between the cases and controls [15]. For the initial corre-
lation between MDM?2 and TP53, and the latter exhibited
a regulatory role in human aneuploidy, human reproduc-
tion, and maintenance of spindle stability during gamete
meiosis [4, 7, 22]. To date, seldom study has analyzed the
MDM?2 rs2279744 T>G polymorphism and fetal aneu-
ploidy. Previous studies have shown a close association
of MDM?2 rs2279744 T>G with the human polycystic
ovarian syndrome and human reproduction [5, 23]. Strik-
ingly, MDM?2 rs2279744 T>G polymorphism is the key
element in maintaining the genomic stability of somatic
cells [4, 22], which was not revealed in female gametes
and embryos.

The miR-34 family is directly regulated by TP53 as a
transcriptional factor. Some studies demonstrated that
TP53 inhibits cell proliferation and growth after upreg-
ulating miR-34b/c [24]. TP53 rs1042522 G>C and miR-
34b/c rs4938723 T>C were associated with the risk of
cancers, such as papillary thyroid carcinoma, primary
hepatocellular carcinoma, and neuroblastoma [25-28].
The clinical significance of miR-34b/c rs4938723 T>C is
not reported in ClinVar database. No significant associa-
tion was observed between miR-34b/c rs4938723 T>C
and fetal aneuploidy, except for the advanced-age preg-
nant women in the dominant model in our study. TT
genotype revealed an increased frequency distribution
among cases, which might result from the small sample
size of the subgroup.

Typically, advanced maternal age is the sole risk factor
for DS. However, the molecular mechanism of chromo-
some non-disjunction is yet unknown. A multifactorial
etiology of chromosome non-disjunction was found in
meiosis [29]. Thus, the present study aimed to identify the
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putative risk factors and their association with advanced
maternal age during oocyte formation and embryo devel-
opment. Regarding the role of TP53 and its regulators
MDM?2 and miR-34b/c in the maintenance of spindle sta-
bility, the functional polymorphisms on these genes were
investigated. The findings indicated that maternal TP53
rs1042522 G>C, MDM2 rs2279744 T >@, and miR-34b/c
rs4938723 T > C polymorphisms combined with maternal
age modified the susceptibility of chromosome non-dis-
junction allied to oocyte and embryo.

Nevertheless, the present study has some limitations.
(1) In the process of aneuploidy oocyte and embryo
development, the interaction of many different gene
polymorphisms is not simple. The three selected gene
polymorphisms resulted in false-negative outcomes. (2)
The small sample size might not be sufficient to evaluate
an accurate association. (3) All the enrolled population
including the normal controls were all recruited from
the prenatal diagnosis pregnant women in accordance
with the indication of prenatal diagnosis in China. Thus,
some selection bias would affect the results. (4) Lack of
functional studies about these polymorphisms limits the
explanation of results. (5) The origin of fetal aneuploidy
was not determined from either paternal or maternal
source. (6) The interaction of genes’ polymorphisms and
stratification by aneuploidy type was not analyzed for
weak associations and a small sample size.

In summary, the current results revealed that the asso-
ciation among TP53 rs1042522 G>C, MDM?2 rs2279744
T>G, and miR-34b/c rs4938723 T>C polymorphisms
with fetal aneuploidy susceptibility was observed in an
age-dependent manner. Future studies with a larger
sample size, diverse ethnicities, geographic regions, and
aneuploidy types populations are essential to confirm the
results and comprehensively assess the potential function
of TP53 rs1042522 G>C, MDM?2 rs2279744 T>G, and
miR-34b/c rs4938723 T >polymorphisms in the risk of
fetal aneuploidy pregnancy.
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