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Abstract. Mouse double minute 4 (MDM4) is a critical nega-
tive regulator of the tumor suppressor p53. The results of studies 
have revealed that an MDM4 polymorphism (rs1563828) may 
contribute to the earlier onset of several malignant diseases. 
However, the correlation between this polymorphism and 
nasopharyngeal carcinoma (NPC) susceptibility has not been 
explored. We performed a case-control study with 210 NPC 
patients and 200 healthy controls. Significant associations were 
found when comparing the age of onset of NPC according to 
the rs1563828 genotype (P=0.01). The average age of onset of 
NPC in patients with the TT, CC and CT genotypes was 39.3, 
48.2 and 45.5 years, respectively. Homozygous variant (TT) 
carriers developed NPC at an earlier age than homozygous 
(CC) carriers, such that the age of onset was accelerated by 
8.9 years (P=0.002). Our data suggest that rs1563828 is a 
modifier of the age of onset of NPC in the population studied. 
The age of onset for NPC with TT homozygotes was earlier 
than CC carriers.

Introduction

Nasopharyngeal carcinoma (NPC) is a tumor that arises from 
epithelial cells. NPC occurs with high incidence in Southeast 
Asia, particularly in Southern China (1). Notably, the incidence 
of NPC remains high in the Southern Chinese population even 
after emigration from China. The high prevalence of NPC 
in the population suggests that genetic factors contribute to 
increased cancer risk by affecting susceptibility (2). 

NPC is mainly associated with genetic factors and 
Epstein‑Barr virus (EBV) infection (1). The etiology of NPC 
follows a multi-step process in which EBV, genetic factors and 

environmental carcinogens all appear to be significant (3). 
In order to clarify the pathogenesis of this malignancy, it is 
necessary to identify the susceptibility genes of NPC. 

The tumor suppressor p53 and its negative regulator Mouse 
double minute 2 (MDM2) are crucial in carcinogenesis. The p53 
72Arg>Pro and MDM2 309T>G polymorphisms contribute to 
the risk of NPC (4,5). MDM4, mapped to chromosome 1q32, 
is a negative regulator of p53 and cooperates with MDM2 to 
inhibit p53 activity in the cellular response to DNA damage (6). 
The role of MDM4, a homolog of MDM2, in regulating p53 
activity has been identified. The results of previous studies have 
revealed that MDM4 has a unique role in regulating p53. Yu et al 
found that the joint effect of MDM4 variants (rs1380576C>G, 
rs11801299G>A and rs10900598G>T) may contribute to the 
risk of oropharyngeal cancer (7). A single nucleotide polymor-
phism (SNP) in MDM4 located within intron 10 (designated 
rs1563828) has been identified and patients with its homozygous 
variant (TT) were found to develop ER-negative breast cancer at 
an earlier age than those with the homozygous wild-type (CC) 
or heterozygous genotypes (8). However, another study found 
no significant difference in the age of onset of cancer between 
the different genotypes of rs1563828 (9). These studies, thus 
far, have not arrived at consistent conclusions. This suggests 
that MDM4 rs1563828 performs tissue-specific functions. In 
this study, the association between rs1563828 and NPC was 
investigated by examining the age of NPC onset based on the 
rs1563828 genotype.

Materials and methods

Study subjects. This study included 210 NPC patients and 
200 healthy population controls. All subjects were ethnically 
homogenous Han Chinese. Patients with newly diagnosed 
NPC were consecutively recruited from September 2008 to 
December 2010 at the Southern Hospital, Southern Medical 
University (Guangzhou, China). The patients were from 
Guangdong Province and its surrounding regions (Southern 
China) and there were no age, stage or histology restrictions. 
The tumor node metastasis (TNM) classification of the 2002 
American Joint Committee on Cancer was used to determine 
the tumor staging. Histological type was evaluated according 
to the World Health Organization (WHO): type 1, keratinizing 
squamous cell carcinoma; type 2, non-keratinizing squamous 
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cell carcinoma; type 3, undifferentiated carcinoma. The clin-
ical features of the patients are shown in Table I. The control 
subjects were randomly selected from a database consisting 
of 1,000 individuals based on a physical examination. The 
selection criteria included no history of cancer. At recruitment, 
informed consent was obtained from each subject. This study 
was approved by the Medical Ethics Committee of Southern 
Hospital.

Amplification of MDM4 and direct sequencing. DNA was isolated 
using a Qiagen Blood Mini kit (Qiagen, Valencia, CA, USA) 
from leukocyte cell pellets from the peripheral blood. A 427-bp 
fragment spanning the MDM4 rs1563828 region was amplified 
using forward (5'-TGTGGTGGGAATGGGGGAAGGAT-3') 
and reverse (5'-GCACTGCTTTCCCTGACTCAACAC-3') 
primers. The reaction mixture contained 100 ng genomic 
DNA, 0.13 mM of each dNTP, 2.5 ng of each primer, 0.13 units 
of Prozyme DNA polymerase (Takara Enterprise, Hyogo, 
Japan) and 10X PCR buffer. The PCR assay was performed 
in three steps: denaturation at 10 min at 94˚C; then annealing 
at 35 cycles of 30 sec at 94˚C, 30 sec at 60˚C and 60 sec at 
72˚C; and extension at 5 min at 72˚C. Aliquots of the PCR 
product were sequenced with an internal sequencing primer 
5'-GCACTGCTTTCCCTGACTCAACAC-3' from the reverse 
direction. All sequencing analyses were performed twice to 
confirm the results.

Statistical analysis. Genotypes were tested for the 
Hardy‑Weinberg equilibrium (HWE) using public soft-
ware (http://www.oege.org/software/hardy-weinberg.html). 
Chi-square (χ2) analysis was used to calculate the odds ratio 
(OR) and its 95% confidence interval (CI) as a measure of 
the association between rs1563828 genotypes and categorical 
variables (gender, histological type of NPC and TNM stage). 
One-way ANOVA was used to measure the association 
between the three genotypes and age of onset of NPC. This 
analysis was performed with the inclusion of a dichotomous 
indicator for the covariate and genotypes: homozygous variant 
(TT) and heterozygous (CT) versus homozygous carrier (CC). 
Unconditional univariate and multivariate logistic regression 
analyses were carried out to obtain the crude and adjusted 
OR and 95% CI. The multivariate adjustment included age 

and gender. The genotype-specific distributions according to 
age of disease onset were tested by calculating the one minus 
survival function plots computed using the Kaplan-Meier 
method with the log-rank and Breslow tests. Two-sided tests 
of statistical significance were conducted using the SPSS for 
Windows software (version 13.0, Chicago, IL, USA) using a 
5% level of significance.

Results

Genotype distributions. In this study, 210 NPC patients and 
200 controls from Southern China were genotyped. The distri-
bution of rs1563828 genotypes was in accordance with the HWE 
in the controls and patients (P>0.05). Genotype frequencies for 
CC, CT and TT were 45.0, 44.0 and 11.0%, respectively, for the 
controls and 46.7, 43.3 and 10.0%, respectively, for the NPC 
patients. Significant associations were found when comparing 
the age of onset of NPC according to the rs1563828 genotype 
(P=0.01; Table II). No significant differences were identified in 
the risk of developing NPC between the CC, CT and TT groups 
(P=0.92; OR=0.88, 95% CI=0.45‑1.70 for TT versus CC; 
OR=0.95, 95% CI=0.63‑1.43 for CT versus CC; Table III). In 

Table I. Distribution of clinical data of patients and controls 
included in the study.

	 Patients	 Controls

Gender, n	 210	 200
  Female, n (%)	 60 (28.6)	 89 (44.5)
  Male, n (%)	 150 (71.4)	 111 (55.5)
Age, years (mean ± SD)	 46.2±10.7	 33.9±13.3
Histological type, n	 210	
  WHO I, n	 4	
  WHO II, n	 18	
  WHO III, n	 188	

WHO I, keratinizing squamous cell carcinoma; WHO II, non-
keratinizing squamous cell carcinoma; WHO III, undifferentiated 
carcinoma.

Table II. Analysis of clinicopathological parameters among NPC patients.

	 CC	 TC	 TT	 P-value

Gender, n	 210	 0.097
  Female, n	 22	 33	 5	
  Male, n	 76	 58	 16	
Age of onset, years (mean ± SD)	 48.2±11.0	 45.5±9.1	 39.3±13.1	 0.01
WHO type, n	 210	 0.648
  I, n	 1	 3	 0	
  II, n	 10	 6	 2	
  III, n	 87	 82	 19	

WHO I, keratinizing squamous cell carcinoma; WHO II, non-keratinizing squamous cell carcinoma; WHO III, undifferentiated carcinoma; 
NPC, nasopharyngeal carcinoma.
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the multivariate logistic regression with adjustment for gender 
and age of onset for NPC, no statistical differences were found 
(OR=1.34, 95% CI=0.61‑2.96 for TT versus CC; OR=1.29, 95% 
CI=0.80‑2.06 for CT versus CC; Table III). No significant asso-
ciations were found by stratifying the NPC cases according 
to the clinicopathological data (gender and histological type; 
Table II). The distribution of tumor stage at onset using the 
TNM classification was not found to be significantly different 
between the rs1563828 genotypes (data not shown).

Age of onset. We found a statistically significant result when 
comparing the age of onset of NPC according to the rs1563828 
genotype. The results show that homozygous variant (TT) 
carriers developed NPC at an earlier age than the homozygous 
(CC) carriers, such that the age of onset was accelerated by 
8.9 years (P=0.002). Moreover, the results of the Kaplan-
Meier analysis estimated the cumulative incidence for NPC 
by the rs1563828 genotypes. A left shift was observed in the 
cumulative incidence curve for the TT genotype (log-rank test, 
P=0.01; Fig. 1).

Discussion

A large body of evidence suggests that the p53 tumor 
suppressor pathway is key in reducing cancer frequency in 
vertebrates. p53 inactivation in cancers may result from the 
amplification/overexpression of its specific inhibitors MDM2 
and MDM4. An SNP in the MDM2 promoter (SNP309) may 
contribute to the early onset of sporadic and hereditary malig-
nancies in patients with defective p53 (10). MDM4 is one of 
the key negative regulators of p53 and its overexpression 
or amplification contributes to carcinogenesis by inhibiting 
p53 tumor suppressor activity. Upon DNA damage, MDM2-
dependent degradation of itself and MDM4 contribute 
significantly to p53 stabilization and activation (11). Certain 
studies have shown that MDM4 is an essential gene in murine 
development and that knockout embryos die in utero. This 
lethal phenotype may be rescued by knocking out the p53 
gene. MDM4 is a key modulator of p53 activity in differenti-
ating embryonic stem cells (12). A previous study revealed a 
novel role for MDM4; in non-tumor cells under stress condi-
tions, MDM4 may act as a positive regulator of p53 activity 
by controlling p53 levels. The overexpression of MDM4 has 
been found to significantly increase p53-dependent cell death, 
in correlation with the enhanced induction of endogenous p53 
protein levels (13).

In the present study, rs1563828 appears to be associated 
with an earlier age of onset of NPC. Furthermore, homozy-
gous variant (TT) carriers develop NPC at an earlier age than 
homozygous (CC) carriers, such that the age of onset was accel-
erated by 8.9 years. The rs1563828 polymorphism is located in 
intron 10. Our study has identified an association between the 
age of onset of NPC and rs1563828. As the polymorphism may 
be in linkage disequilibrium with another allele, an alterna-
tive locus may be the true functional polymorphism. Previous 
studies have indicated that there is a major haplotype of the 
human MDM4 (14,15). This haplotype is tagged by several 
SNPs, which are in high linkage disequilibrium, across the 
MDM4 gene, including the polymorphic locus rs1563828. 
NPC is closely associated with genetic factors, EBV infection 
and other environmental factors, including tobacco smoking 
and alcohol consumption. In addition, studies have shown 
a male preponderance, with a male:female ratio of approxi-
mately 3:1. In the present study, the ratio was 2.5:1 (16,17). We 
hypothesize that individuals carrying the rs1563828 TT geno-
type have nasopharyngeal mucosa, which are more susceptible 
to EBV and carcinogen exposure, resulting in an earlier age of 
onset of NPC.

Table III. Risk of NPC associated with MDM4 genotypes.

Genotype	 Cases (n=210)	 Controls (n=200)	 OR (95% CI)	 ORa (95% CI)

CC	 98	 90	 1.00	 1.00
CT	 91	 88	 0.95 (0.63-1.43)	 1.29 (0.80-2.06)
TT	 21	 22	 0.88 (0.45-1.70)	 1.34 (0.61-2.96)

aData were calculated by unconditional logistic regression, adjusting for gender and age. NPC, nasopharyngeal carcinoma; MDM, Mouse 
double minute; OR, odds ratio; CI, confidence interval.

Figure 1. TT genotype of human MDM4 is associated with an accelerated age 
of onset of NPC in a Southern Chinese population. Kaplan-Meier-estimated 
cumulative incidence for NPC by MDM4 rs1563828 genotypes (log-rank test, 
P=0.01). The age of onset for TT genotype carriers was earlier than that of 
CC carriers. MDM, Mouse double minute; NPC, nasopharyngeal carcinoma.
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High levels of MDM2 and MDM4 are present in numerous 
head and neck squamous carcinomas (HNSC). In tumors with 
wild-type p53, there is often an overexpression of MDM2 or 
MDM4, which leads to the functional inactivation of p53. 
However, there is an exception to the rule. For example, MDM4 
gene amplification in colorectal cancer cases is rare  (18), 
indicating that the expression of MDM2 or MDM4 may be 
tissue‑specific. However, due to the lack of paraffin-embedded 
tumor samples, the levels of MDM4 were not examined in  
this study.

In conclusion, we found that rs1563828, located in intron 10 
of MDM4, is associated with an earlier age of onset of NPC 
in a Southern Chinese population. However, to confirm our 
findings, further molecular studies are required to identify the 
functionality of this polymorphism.
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