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Abstract: Recent studies have reported that the single nucleotide polymorphism (SNP) rs4245739 in MDM4 is 
associated with cancer risk. However, published studies have shown inconsistent results. Therefore, an up to date 
meta-analysis was performed to investigate the association between rs4245739 and cancer risk in the literature. 
10 relevant studies involving 19,915 cases and 61,135 controls were included in this meta-analysis. We observed 
that rs4245739 was significantly associated with a decreased cancer risk in genetic models (AC vs. AA: OR = 0.85, 
95% CI = 0.75-0.96; AC+CC vs. AA: OR = 0.84, 95% CI = 0.74-0.95); C vs. A: OR = 0.86, 95% CI = 0.78-0.96). 
Moreover, in the subgroup analysis by ethnicity, MDM4 rs4245739 polymorphism was significantly associated with 
cancer isk in the Asian population. Additionally, an increased ESCC (Esophageal Squamous Cell Carcinoma) risk 
was found in the recessive and homozygous genetic models after stratification of cancer types. In conclusion, these 
meta-analysis results suggest that MDM4 rs4245739 polymorphism was associated with a significantly decreased 
risk of cancer, especially in Asian populations. However, a trend of increased risk of cancer was observed in ESCC.
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Introduction

Cancer is a disease that causes death world-
wide, as such it has become a global health 
problem [1]. It is expected to rank as the most 
important obstacle to increasing life expectan-
cy and is the main cause of death in every 
country of the world in the 21st century. Ac- 
cording to the latest GLOBOCAN estimates, 
there will be an estimated 18.1 million new 
cancer cases and 9.6 million cancer deaths in 
2018 [2]. A combination of factors may contrib-
ute to cancer, including tobacco use, being 
overweight, diet, infection, culture, environmen- 
tal and/or genetic factors [3]. Moreover, previ-
ous research has clarified that genetic factors 
play a significant role in cancer susceptibility 
[4].

MDM4, also known as MDMX or HDMX, is a 
structural homologue of mouse double-minute 
protein 2 (MDM2) and shares a NH2 terminal 

P53-binding domain with MDM2 [5-9]. P53 is a 
tumor-suppressor protein, and it plays an im- 
portant role in many physiological processes, 
including metabolism and maintenance of 
genomic stability [10]. Moreover, its inactiva-
tion promotes the development of cancer [11]. 
The main players of the p53 pathway are MDM2 
and its homolog MDM4 [12]. Overexpression of 
MDM4 in human malignancies in combination 
with MDM2 may inhibit P53 activity, which may 
contribute to induce spontaneous tumorigene-
sis and accelerate tumorigenesis [13]. Fur- 
thermore, MDM4 has been reported to be up-
regulated in a variety of human cancers, includ-
ing retinoblastoma (65%) pre-adult B-cell leuke-
mia (80%), stage II-V melanoma (65%), head 
and neck squamous cell carcinoma (39%), 
colon cancer (19%) and breast cancer (19%) 
[14-18]. Based on the above studies, it can be 
inferred that genetic variations in the MDM4 
gene may be closely related to cancer risk.
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Previous studies have shown that the single 
nucleotide polymorphism (SNP) rs4245739 A> 
C creates a miR-191 target site that affects the 
stability of MDM4 mRNA, thereby affecting the 
expression of MDM4, which is associated with 
cancer risk [19]. 

To confirm the association between MDM4 rs- 
4245739 A>C polymorphism and cancer risk, 
we conducted this up to date meta-analysis by 
pooling all eligible studies to calculate the esti-
mation of overall cancer risk and evaluated the 
influence of cancer types and ethnicity.

Materials and methods

Literature search

System searchs through PubMed, Web of Scien- 
ce, China National Knowledge Infrastructure 
(CNKI), retrieved all relevant literature (prior to 
October, 2018). The following search subject 
words were used: “MDM4”, “SNP rs4245739 or 
SNP34091” and “cancer or carcinoma or tumor 
or neoplasm”. We also searched for references 
to relevant literature to avoid omissions.

Inclusion and exclusion criteria

All of the eligible articles had to meet the follow-
ing inclusion criteria: (1) studies that evaluated 

the associations between SNP rs4245739 in 
MDM4 with cancer risk, (2) studies on human 
beings, (3) case-control study, (4) all cancers 
are clinically and pathologically diagnosed (5) 
the gene frequency data provided are detailed 
and sufficient to calculate odds ratios (ORs) 
and 95% confidence intervals (CIs) and P val-
ues. Exclusion criteria were: (1) duplicated 
data; (2) case reports, letters, review articles.

Data extraction

The following information was extracted care-
fully from all eligible studies: first author’s 
name, publication year, cancer type (Breast 
cancer, Lung cancer, Esophageal cancer, Thy- 
roid carcinoma, NHL, Prostatic cancer, Colon 
cancer, Endometrial cancer, Ovarian cancer), 
ethnicity (Caucasian, Asian), numbers of AA, 
AC, CC genotypes in cases and controls, and P 
value for Hardy-Weinberg equilibrium (HWE) in 
controls (Table 1).

Statistical analysis

First, the Pearson χ2 test was used to assess 
whether the genotype frequency of the rs- 
4245739 polymorphism in the control was con-
sistent with the Hardy-Weinberg equilibrium 
(HWE). Then, statistical analysis of all data was 
done using Stata 11.0 software. Crude OR and 

Table 1. Characteristics of eligible studies

Author Year Cancer 
type Ethnicity

Case Control
HEW

AA AC CC ALL AA AC CC ALL
Closas [24] 2013 Breast Caucasian 3318 2637 557 6512 22825 15798 2828 41451 0.183
Gao [31] 2015 Lung Asian 297 22 1 320 548 90 2 640 0.399
Gao [31] 2015 Lung Asian 183 17 0 200 321 77 2 400 0.248
Pedram N [30] 2016 Breast Asian 123 87 10 220 165 81 14 260 0.335
Zhou [27] 2013 ESCC Asian 501 37 2 540 478 70 2 550 0.740
Zhou [27] 2013 ESCC Asian 529 56 3 588 510 88 2 600 0.379
Liu [29] 2013 Breast Asian 733 67 0 800 686 111 3 800 0.505
Liu [29] 2013 Breast Asian 278 22 0 300 501 96 3 600 0.483
Hashemi [28] 2018 Breast Asian 175 83 7 265 142 76 9 221 0.919
Ziba [26] 2017 Thyroid Asian 63 34 5 102 144 76 12 232 0.635
Fan [25] 2014 NHL Asian 187 13 0 200 346 53 1 400 0.487
Gansmo [13] 2015 Prostate Caucasian 1412 927 161 2500 1021 736 120 1877 0.410
Gansmo [13] 2015 Lung Caucasian 715 515 101 1331 2042 1439 266 3747 0.566
Gansmo [13] 2015 Breast Caucasian 966 643 108 1717 1021 703 146 1870 0.106
Gansmo [13] 2015 Colon Caucasian 823 600 108 1531 2042 1439 266 3747 0.566
Gansmo [23] 2016 Endometrial Caucasian 757 541 106 1404 1021 703 146 2050 0.106
Gansmo [23] 2016 Ovarian Caucasian 716 564 105 1367 1021 703 146 2050 0.106
HWE, Hardy-Weinberg equilibrium, ESCC, esophageal squamous cell carcinoma; NHL, non-Hodgkin lymphoma.
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Results

Characteristics of the in-
cluded publications

Through a systematic lite- 
rature search of Pubmed, 
Web of science, China Na- 
tional Knowledge Infrastr- 
ucture (CNKI), a total of 38 
articles were retrieved (Fi- 
gure 1). After reviewing the 
full text, 28 articles were 
excluded for the following 
reasons: repeated studies, 
not case and control stud-
ies, the genotype frequency 
data was not available, and 
was not an assessment of 
the association between 
the rs4245739 A>C poly-
morphism and cancer risk. 
Ultimately, there were only 
10 articles with a total of 
17 case-control studies th- 
at met the inclusion criteria 
[13, 23-31], which included 
19796 cases and 49681 
controls. All the genotype 
frequencies of the rs4245- 
739 polymorphism in the 

95% CI were used to assess the strength of the 
association between the five models of MDM4 
rs4245739 A>C polymorphism and overall can-
cer risk, the following five models were homozy-
gous (CC vs. AA), heterozygous (AC vs. AA), 
recessive (CC vs. AC+AA), dominant (AC+CC vs. 
AA), and allele (C vs. A). Subgroup analysis was 
carried out by ethnicity and cancer type. P<0.05 
is considered statistically significant. χ2-based 
Q test was used to assess heterogeneity, and 
P<0.10 was considered significant. The I2 value 
(0%-100%) is used to determine heterogeneity. 
When heterogeneity is greater than 50% (I2> 
50%), a random-effects models (combined het-
erogeneity) was used [20]. Otherwise, the fixed-
effects model (Ignore heterogeneity) was used 
[21]. We also performed a sensitivity analyses 
by excluding each study in turn to evaluate the 
heterogeneity and its impact on stability of 
overall results. Publication bias was analyzed 
by using the Begg’s and Egger’s linear regres-
sion test and funnel plots [22]. P<0.05 is con-
sidered statistically significant.

control was consistent with the Hardy-Weinberg 
equilibrium (HWE).

Meta-analysis

Overall, the results suggest that rs4245739 
was significantly associated with a decreased 
cancer risk in the genetic models (AC vs. AA: OR 
= 0.85, 95% CI = 0.75-0.96; AC+CC vs. AA: OR 
= 0.84, 95% CI = 0.74-0.95); (C vs. A: OR = 
0.86, 95% CI = 0.78-0.96). (AC vs. AA: OR = 
0.85, 95% CI = 0.75-0.96), dominant (AC+CC 
vs. AA: OR = 0.84, 95% CI = 0.74-0.95), and al- 
lele models (C vs. A: OR = 0.86, 95% CI = 0.78-
0.96) (Figure 2). Next, subgroup analysis was 
conducted according to ethnicity. The associa-
tion seems to be more prominent among As- 
ians. However, an increased ESCC (Esophage- 
al Squamous Cell Carcinoma) risk was found  
in the recessive and homozygous genetic mod-
els after stratification of cancer types (CC vs. 
AC+AA: OR = 1.10, 95% CI = 1.03-1.18); (CC vs. 
AA: OR = 1.14, 95% CI = 1.06-1.23) (Table 2).

Figure 1. Flow diagram for se-
lecting eligible publications.
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Figure 2. Forest plots for association between five genetic models of 
rs4245739 and cancer risk. A. Represents Homozygous (CC vs. AA); 
B. Represents Heterozygote (AC vs. AA); C. Represents Recessive 
(CC vs. AC+AA); D. Represents Dominant (AC+CC vs. AA); E. Repre-
sents Allele (C vs. A).

Table 2. The result of meta-analysis for associations between the rs4245739 polymorphism and cancer risk

Variables No. of 
studies

Homozygous Heterozygote Recessive Dominant Allele
CC vs. AA AC vs. AA CC vs. AC+AA AC+CC vs. AA C vs. A

OR (95% CI) Ph I2 (%) OR (95% CI) Ph I2 (%) OR (95% CI) Ph I2 (%) OR (95% CI) Ph I2 (%) OR (95% CI) Ph I2 (%)
Overall 17 1.14 (1.06, 1.23) <0.05 43.4% 0.85 (0.75, 0.96) 0.008 84.0% 1.10 (1.03, 1.18) 0.006 30.6% 0.84 (0.74, 0.95) 0.005 86.0% 0.86 (0.78, 0.96) 0.005 86.6%

Cancer type

    Breast 6 0.93 (0.62, 1.41) 0.744 73.0% 0.88 (0.68, 1.12) 0.308 87.6% 0.90 (0.61, 1.31) 0.578 69.5% 0.86 (0.67, 1.11) 0.274 89.9% 0.85 (0.67, 1.06) 0.148 91.1%

    Lung 3 1.07 (0.84, 1.37) 0.599 0.0% 0.58 (0.29, 1.19) 0.136 90.0% 1.07 (0.84, 1.35) 0.588 0.0% 0.57 (0.27, 1.20) 0.139 91.2% 0.60 (0.28, 1.27) 0.181 92.2%

    ESCC 2 1.20 (0.32, 4.50) 0.790 0.0% 0.56 (0.43, 0.74) <0.05 0.00% 1.27 (0.34, 4.78) 0.721 0.0% 0.58 (0.44, 0.76) <0.05 0.0% 0.62 (0.48, 0.97) <0.05 0.0%

    Others 6 0.99 (0.88, 1.13) 0.923 0.0% 1.00 (0.89, 1.12) 0.996 57.7% 0.98 (0.87, 1.11) 0.789 0.0% 1.00 (0.89, 1.11) 0.946 55.5% 1.00 (0.92, 1.08) 0.940 44.7%

Ethnicity

    Asian 10 0.82 (0.51, 1.32) 0.414 0.0% 0.63 (0.48, 0.83) 0.001 75.1% 0.78 (0.49, 1.25) 0.301 0.0% 0.62 (0.47, 0.81) 0.001 75.1% 0.63 (0.49, 0.81) <0.05 75.6%

    Caucasian 7 1.03 (0.88, 1.22) 0.695 75.3% 1.04 (0.97, 1.12) 0.275 63.1% 1.02 (0.89, 1.17) 0.768 66.6% 1.04 (0.95, 1.13) 0.389 75.1% 1.03 (0.96, 1.11) 0.398 79.9%
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Publication bias and Sensitivity analysis

Figure 3 has the funnel plots of the meta-anal-
ysis. It can be seen that the funnel plots are 
asymmetrical, and the P values of the five mod-
els of the Egger’s test are all <0.05, indicating 
that there is a publication bias in this study. We 
also performed a sensitivity analysis by exclud-
ing each study once in every genetic model for 
rs4245739. The results show that no individual 
study had an impact on the stability of the over-
all results. Which means the crude OR and 95% 
CI about the strength of the association 
between the five models of MDM4 rs4245739 
A>C polymorphism and overall cancer risk are 
credible (Table 3).

Discussion

P53, a tumor suppressor protein commonly 
found in human cancers, is also named “the 
guardian of the genome” [32]. The P53 path-
way is mainly regulated by mouse double-min-
ute protein 2 (MDM2) and protein p14ARF, in 
which MDM2 is proteasome-degraded against 
p53, while p14ARF increases p53 levels by 
inhibiting MDM2 [33, 34]. Thus, MDM2 is a key 
regulator of the inhibition of P53 activity. MDM4 
is a homologous protein of MDM2, it can syner-
gize with MDM2 to inhibit P53 activity and con-
tribute to tumor development and progression.

Many previous studies have shown that genetic 
polymorphism rs4245739 A>C of the MDM4 
gene is closely related to tumor risk. Jin [35], 
Wang [36], Zhai [37], and Xu [38] et al have 
evaluated the relationship between genetic 
polymorphism rs4245739 A>C and cancer risk 
through a meta-analysis of previous studies. As 
a data update, the current meta-analysis adds 
two new studies including a total of 19796 
cases and 49681 controls. Our findings are 
basically consistent with previous studies, indi-
cating that this SNP was significantly associat-
ed with a decreased overall cancer risk in the 
heterozygous, dominant, and allele models. 
The reason why SNP rs4245739 A>C affects 
cancer risk may be due to its effect on MDM4 
mRNA stability and protein levels, as it creates 
a target site for hsa-miR-191, leading to a 
decrease in MDM4 mRNA level [39]. The reduc-
tion in MDM4 expression reduces the inhibition 
of P53 activity, thereby reducing the risk of 
cancer.

The opposite results were found in subgroup 
analysis by cancer types; a significant associa-
tion between MDM4 rs4245739 polymorphism 
and increased ESCC cancer risk was detected 
under recessive and homozygous genetic mod-
els, but not with breast cancer, lung cancer, 
and other types of cancer, which may be asso-
ciated with the expression levels of hsa-miR- 
191 being different in different cancer types 
and the heterogeneity of different cancer types. 
We also performed a subgroup analysis in dif-
ferent ethnicities, the association seems to be 
more prominent among Asians, this may be due 
to genotype frequencies being different among 
different races.

However, this meta-analysis has some limita-
tions. First, we cannot ignore the heterogeneity. 
The heterogeneity may be due to differences in 
different races and cancer types. Secondly, our 
research also has a publication bias. This may 
be due to the fact that newly published articles 
have not been included, and there are still 
some articles lacking the genotype data of the 
control group. Again, due to the limitations of 
the original data, we cannot make statistical 
analysis of the interaction between genes and 
the environment. Finally, in the subgroup analy-
sis, the number of studies for different cancer 
types was small, and we were unable to con-
duct a stratified analysis of all different cancer 
types, and the meta-analysis only involved 
Asians and Caucasians.

In conclusion, our meta-analysis results sug-
gest that MDM4 rs4245739 polymorphism was 
associated with a significantly decreased risk 
of cancer, especially in Asian populations. How- 
ever, an increased risk of cancer was observed 
in ESCC. Considering the limitations of the cur-
rent meta-analysis, larger scale case-control 
studies with different races and different can-
cer types should be further developed to reach 
a comprehensive conclusion.
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Figure 3. Funnel plots of five genetic models. A. Represents 
Homozygous (CC vs. AA); B. Represents Heterozygote (AC vs. 
AA); C. Represents Recessive (CC vs. AC+AA); D. Represents 
Dominant (AC+CC vs. AA); E. Represents Allele (C vs. A).
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