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A B S T R A C T

Background: rs11801299 and rs1380576, two novel polymorphisms in MDM4 gene, have been investigated in
several different cancer types. However, the role of these two polymorphisms in retinoblastoma (RB) remains
unclear.
Methods: A total of 126 patients with primary RB and 148 age-/gender-matched controls were included in this
retrospective study. The frequency of rs11801299 and rs1380576 were determined between RB patients and
controls. The association of these two polymorphisms with clinicopathological characteristics, prognosis were
further evaluated.
Results: AA genotype at rs11801299 was significantly associated with an increased risk of developing RB
(OR=2.06, 95%CI 1.09–3.90). The possibility of developing RB was also significantly increased in individuals
with A allele at rs11801299 (OR=1.49, 95%CI 1.06–2.08). RB patients carrying AA genotype and A allele at
rs11801299 were more likely to have tumor invasion and poor differentiation. As for rs1380576, a significantly
lower risk of developing RB was observed in patients with G allele (CG+GG) compared with wild-type CC
genotype (OR=0.59, 95%CI 0.36–3.95). RB patients with GG genotype or G allele had a lower risk of devel-
oping highly aggressive cancer. Kaplan-Meier curves and log-rank results revealed that RB patients carrying AA
genotype or A allele (AA+GA) at rs11801299 had significantly poorer prognosis. Multivariate COX analysis
showed that the rs11801299 G allele was associated with decreased survival but was not an independent
prognostic factor.
Conclusion: rs11801299 was significantly associated with RB risk, pathological differentiation, tumor aggres-
siveness and poor prognosis.

1. Introduction

Retinoblastoma (RB), the most frequent intraocular malignancy
among children, can seriously affect an infant’s vision and life [1]. RB is
the first cancer for which a genetic etiology has been described. Ori-
ginating from either germline or somatic mutations in the RB1 tumor
suppressor gene, RB tumors can be divided into two types: heritable and
non-heritable [2]. With rapid improvements in public and medical
awareness and rigorous, innovative clinical treatments, RB is no longer
considered a deadly childhood disease [3]. However, the prognosis
varies widely around the world. In countries of low and middle income,
mortality from retinoblastoma is approximately 70%. Because survival
and the chance of saving the patient’s vision depend on the severity of
the disease at presentation, early diagnosis and accurate prediction of

prognosis are vital to improve survival time. Thus, identifying a genetic
biomarker of RB progression could promote a deeper understanding of
RB pathogenesis and lead to the development of molecular prognostic
indicators and therapeutic strategies [4–6].

In addition to RB gene, it has been widely acknowledged that p53
pathway has a crucial function in RB pathogenesis. p53 pathway is the
master control system of cell cycle, genome stability and cell apoptosis.
Maintenance of normal p53 levels is vital for cell life and tissue
homeostasis, as well as for protection of genomic stability, which can be
modulated by a negative feedback loop in which p53 transcriptionally
activates MDM2 [7,8]. MDM2 (murine double-minute 2 homology)
functions as a negative regulator in p53 pathway, and its activation
could cause increased proteolytic degradation of p53 [9]. MDM4 gene
(also known as MDMX or HDMX), located in chromosome 1q32, is an
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MDM2 homologue with high structural similarity which has been
shown to promote the proteasome-mediated degradation of p53 and
negatively regulate p53 pathway [10–14].

Recent data have suggested that MDM4 gene polymorphisms are
related with the risk of developing various cancers [15,16]. In 2012, de
Oliveira Reis et al. reported that the frequency of MDM4 polymorphism
rs116197192 G allele was significantly higher in RB patients and could
increase the risk of developing RB, whereas MDM4 polymorphism
rs4252668 was not associated with RB risk [17]. Recent studies have
suggested a potential association of rs11801299, rs1380576 in MDM4
gene with the development of multiple cancers, such as gastric cancer,
breast cancer, and OSCC [18–20]. However, there are currently no re-
ports about the association of these two polymorphisms with RB risk.
Given that MDM4 could affect p53 activity and be involved in the DNA
damage response and preventing cancer pathogenesis, we hypothesized
that MDM4 polymorphisms might be susceptible genetic factors for RB
development. Therefore, the purpose of the present study was to ana-
lyze the distribution of rs11801299 and rs1380576, further assess their
association with clinicopathological characteristics and prognosis in RB
patients.

2. Materials and methods

2.1. Participants

This retrospective study enrolled 126 RB patients who were re-
cruited in Qianfoshan Hospital (Shandong, China) and Linyi Center
Hospital (Shandong, China). All RB patients were examined by in-
dependent histopathologists. 148 gender-matched and ethnicity-mat-
ched normal controls (unrelated healthy individuals) were also in-
cluded. All controls were adult individuals who underwent health
examinations without any history of cancer during the same periods in
same hospital. All aspects of the present study were approved by the
Research Ethics Committee of Qianfoshan Hospital of Jinan and the
Research Ethics Committee of Linyi Center Hospital, and all individuals
and/or their parents gave informed consent to participate in this study.

2.2. Blood samples and medical data extraction

Approximately 5ml of peripheral vein blood sample was collected
from each participant into a tube containing EDTA. Clinical and la-
boratory information about all RB patients were extracted from medical
records, including age at diagnosis, gender, family history of RB, la-
terality, tumor aggressiveness, tumor invasion, tumor aggressiveness,
massive choroidal invasion, scleral invasion, optic nerve cut end inva-
sion and lag time between diagnosis and treatment onset. Overall sur-
vival time was defined as the interval from diagnosis until death or the
last follow-up. The survival time was defined as the time from surgery
day until the date of RB-related death or the last follow-up.

2.3. MDM4 polymorphism analysis

Genomic DNA was extracted from blood samples using a Genomic
DNA Kit (Axygen, USA) according to the manufacturers’ protocol, and
genomic DNA samples were stored at -20⁰C until use. Two valid SNPs
(rs11801299 and rs1380576) located in MDM4 gene were genotyped.
Genotyping for these two SNPs was performed using custom TaqMan®
SNP Genotyping Assays (ABI, CA, USA). Genotyping or allele analysis
were carried out with the ABI Prism 7900 H T genetic detection system,
which showed the results of allelic discrimination plot by automatic
allele analysis. The vertical axis indicated a wild-type GG or CC
homozygote, the horizontal axis indicated a mutant type homozygote of
AA, GG, and the diagonal indicated a GA and CG heterozygote for
rs11801299 or rs1380576, respectively.

2.4. Statistical analysis

Continuous data were compared between RB patients and normal
controls using the T test, while categorical data were compared using
chi-square tests. Association between genotypes and RB risk were es-
timated by odds ratios (ORs) using an unconditional logistic regression
model. Survival probabilities were estimated using Kaplan–Meier ana-
lysis, and significant differences were analyzed using the log-rank test.
Cox proportional hazards models were used to analyze the associations
between genotypes with RB survival. Hazard ratios (HR) and 95%
confidence intervals were estimated using multivariate models. The
deviation from Hardy-Weinberg equilibrium was assessed using χ2
tests. All statistical analyses were performed in SPSS 18.0 (SPSS Inc.,
Chicago, IL). P < 0.05 was considered statistically significant.

3. Results

3.1. Participant characteristics

A total of 126 RB patients and 148 non-carriers controls were in-
cluded. All participants were of Han ethnicity and from the same region
in Shandong, China. No significant differences between RB patients and
normal controls in gender were detected (P= 0.47). The clinical
characteristics of RB patients were presented in Table 1.

3.2. Association of rs11801299 with RB risk

The distribution and statistical analyses of rs11801299 genotypes in
RB patients and normal controls were summarized in Table 2. The value
for the χ2 tests of HWE was 0.23 for the controls. Significant difference
could be observed in the frequency of rs11801299 genotype between
RB patients and controls. Compared with wild-type GG genotype at
rs11801299, AA genotype was significantly associated with increased

Table 1
Clinical characteristics of 126 retinoblastoma patients.

Characteristics RB patients (n, %)

Gender
Male 56 (56.9)
Female 70 (43.1)
Age at diagnosis (Months)
< 24 88 (70.8)
>24 38 (29.2)
Differentiation
Well or Moderate 60 (47.6)
Poor 66 (52.4)
Laterality
Unilateral 96 (75.2)
Bilateral 30 (24.8)
Invasion
Negative 54 (43.1)
Positive 72 (56.9)
Choroidal Invasion
Minor(< 3mm) 38 (57.6)
Massive (≥3mm) 28 (42.4)
Scleral Invasion
Yes 13 (10.3)
No 113 (89.7)
Optic Nerve Cut End Invasion
Yes 11 (8.7)
No 115 (91.3)
Tumor aggression
Low 54 (42.3)
High 72 (57.7)
Lag-time (Months)
< 3 101 (78.8)
≥3 25 (21.2)

Invasion included choroidal invasion, scleral invasion or optic nerve in-
vasion.
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risk of developing RB (OR=2.06, 95%CI 1.09–3.90). Similarly, com-
pared with G allele, the possibility of developing RB was also sig-
nificantly increased in individuals with A allele at rs11801299
(OR=1.49, 95%CI 1.06–2.08). The estimated risk of developing RB in
individuals carrying GA or AA genotype was 1.4-fold higher than those
with wild-type GG, though this difference was not statistically sig-
nificant (OR=1.40, 95%CI 0.85–2.31). Besides, no significant differ-
ences in the frequencies of GG or GA genotypes were observed between
RB patients and normal controls.

3.3. Association of rs1380576 with RB risk

As shown in Table 2, the analysis did not yield a significant devia-
tion from HWE in control group (P=0.29). A significantly decreased
risk for RB was observed in subjects with CG or GG genotype under
recessive model compared to wild-type CC genotype (OR=0.59,95%CI
0.36–3.95). In addition, individuals with G allele at rs1380576 had an
almost 35% decreased risk of developing RB compared with those with
C allele (OR=0.65, 95%CI 0.44-0.95). Besides, compared with CC
genotype at rs1380576, no significant differences in the distributions of
either CG or GG genotypes were observed between RB patients and
normal controls.

3.4. Association of rs11801299 and rs1380576 with clinicopathological
characteristics in RB patients

The association of rs11801299 and rs1380576 with clin-
icopathological features in RB patients were further evaluated. Table 3
showed the subgroup analysis stratified by gender, age at diagnosis,
family history of RB, laterality, tumor invasion, tumor aggressiveness,
massive choroidal invasion, scleral invasion, optic nerve cut end inva-
sion, and lag time. RB patients carrying AA genotype and A allele at
rs11801299 were more likely to have tumor invasion (OR=2.95,
95%CI 1.13–7.67 and OR=1.87, 95%CI 1.13–3.10, respectively).
Additionally, RB patients carrying AA genotype and A allele at
rs11801299 were also more likely to have poor tumor differentiation
(OR=2.77, 95%CI 1.09–7.14 and OR=1.84, 95%CI 1.12–3.04, re-
spectively). RB patients carrying A allele at rs11801299 also have
higher risk for optic nerve cut end invasion than those with G allele
(OR=2.96, 95%CI 1.12–7.84; P= 0.03). As for rs1380576, we ob-
served that RB patients with GG genotype or G allele were at a lower
risk for high tumor aggressiveness compared to those with CC genotype
or C allele (OR=0.23, 95%CI 0.06-0.95 and OR=0.46, 95%CI 0.25-
0.83, respectively). Besides, no significant associations between
rs11801299 or rs1380576 and other characteristics were observed.

3.5. Association of rs11801299 and rs1380576 with RB prognosis

All RB patients received enucleation therapy and a 50-month
follow-up. Kaplan–Meier curves were built to evaluate the association
of survival rate with rs11801299 and rs1380576. Kaplan-Meier curves
and log-rank results revealed that RB patients carrying AA genotype
had significantly worse survival rates than those with GG or GA
(P < 0.01 for both, Fig. 1a). Consistently, RB patients with allele A
(AA+GA) also had a much shorter survival time compared with in-
dividuals with GG (P < 0.01, Fig. 1b). However, a significant differ-
ence in survival rate was not detected among patients with different
genotypes at rs1380576. RB patients carrying GG genotype at
rs1380576 had a much longer survival time than those with CC and CG
genotypes alone, though this difference was not statistically significant
(Fig. 1c, P= 0.12, P= 0.15). Meanwhile, RB patients carrying G allele
(CG+GG) did not exhibit any differences in overall survival compared
to CC genotype (Fig. 1d, P=0.13). In addition, the results of multi-
variate analysis of survival time using Cox proportional hazards model
were presented in Table 4. Univariate Cox analysis showed that tumor
pathological differentiation, tumor invasion, tumor aggression, lag time
as well as rs11801299 were associated with survival time in RB pa-
tients. In multivariate Cox analysis, tumor invasion and lag time were
two independent risk factors related to overall survival in RB patients.
Neither rs11801299 nor rs1380576 polymorphism was associated in-
dependently with overall survival time.

4. Discussion

Since the two-hit hypothesis for tumor initiation was proposed, RB
has been considered a prototypic model cancer [6]. Although the in-
activation of RB1 tumor suppressor gene is sufficient to initiate the
onset of this tumor, its development may be modified by numerous
additional genetic mutations in RB patients [6,25]. In the present study,
we have evaluated the association between rs11801299, rs1380576 and
RB risk. rs11801299 mutation AA genotype and A allelec could increase
RB risk and were significantly associated with tumor invasion and pa-
thological differentiation as well as poor prognosis. Conversely, allele G
(CC+CG) at rs1380576 decreased the risk of developing RB and of
high tumor aggressiveness.

As a response to DNA damage, p53 signaling pathway could prevent
cell proliferation through several mechanisms, including cell cycle ar-
rest and apoptosis. The homeostasis of normal cells is related to the
normal functioning of p53 pathway. If p53 pathway is impaired,
homeostasis will be disrupted. Previous studies demonstrated that
mouse double minute oncoprotein family proteins, including MDM2
and MDM4, play an important role in the maintenance of p53 pathway.
First, MDM2 can regulate p53 levels by acting as an E3 ligase and

Table 2
Genotype distribution and allele frequencies of rs11801299 and rs1380576 at MDM4 gene in both RB patients and normal controls.

Genotype RB Patients (n, %) Controls (n, %) HWE OR 95%CI P value

rs11801299 0.23
Genotype G/G 39 (30.9) 57 (38.5) 1 –

G/A 49 (38.9) 64 (43.2) 1.12 0.65-1.94 0.78
A/A 38 (30.2) 27 (18.3) 2.06 1.09-3.90 0.04
G/A+A/A 87 (69.1) 91 (61.5) 1.40 0.85-2.31 0.102

Allele G 127 (50.4) 178 (60.1) 1 –
A 125 (49.6) 118 (39.9) 1.49 1.06-2.08 0.03

rs1380576 0.29
Genotype C/C 77 (61.1) 71 (47.9) 1 –

C/G 39 (30.9) 59 (39.9) 0.61 0.36-1.03 0.07
G/G 10 (8.0) 18 (12.2) 0.51 0.22-1.19 0.15
C/G+G/G 49 (38.9) 77 (39.7) 0.59 0.36-0.95 0.04

Allele C 193 (76.6) 201 (67.9) 1 –
G 59 (23.4) 95 (32.1) 0.65 0.44-0.95 0.03

The significance of bold values means significantly statistical difference.
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interacting with the terminal transaction domain of TP53, eventually
attenuating the effects of excess p53 [26]. MDM4 was described as an
MDM2 homologue with high similarity at the primary structural level
[27]. However, unlike MDM2, MDM4 has no appreciable ubiquitin li-
gase activity. MDM4 may interact with MDM2 through RING domains
to enhance the ability of MDM2 to regulate p53. Meanwhile, genetic

studies revealed that MDM4 contributes primarily to inhibition of p53-
mediated transcriptional transactivation, whereas MDM2 contributes
primarily to p53 degradation [28]. In addition to affecting p53, some
studies also suggested a p53-independent function of MDM4 in devel-
opment. Studies in transgenic mice indicated that MDM4 upregulation
promotes spontaneous tumor development and accelerates

Table 3
Association of rs11801299 and rs1380576 with clinicopathological characteristics in RB patients.

Characteristics rs11801299 rs1380576

Genotype Allele Genotype Allele

G/G G/A A/A G A C/C C/G G/G C G

Gender
Female 20 26 24 66 74 42 22 6 106 34
Male 19 23 14 61 51 35 17 4 87 25
OR (95%) 1.0

(-)
1.07
(0.46-2.49)

1.63
(0.66-4.05)

1.0
(-)

1.34
(0.82-2.21)

1.0
(-)

0.93
(0.43-2.05)

0.80
(0.21-3.06)

1.0
(-)

0.90
(0.50-1.61)

P value – 0.86 0.36 – 0.26 – 0.85 0.74 – 0.77
Age at diagnosis
< 24 months 26 34 28 86 90 53 28 7 134 42
>24 months 13 15 10 41 35 24 11 3 59 17
OR (95%) 1.0

(-)
1.13
(0.46-2.79)

1.40
(0.52-3.74)

1.0
(-)

1.23
(0.72-2.10)

1.0
(-)

0.87
(0.37-2.03)

0.95
(0.23-3.98)

1.0
(-)

0.92
(0.48-1.75)

P value – 0.82 0.62 – 0.50 – 0.83 0.94 – 0.87
Differentiation
Well/Moderately 23 24 13 70 50 40 15 5 95 25
Poorly 16 25 25 57 75 37 24 5 98 34
OR (95%) 1.0

(-)
1.49
(0.64-3.57)

2.77
(1.09-7.14)

1.0
(-)

1.84
(1.12-3.04)

1.0
(-)

1.73
(0.79-3.79)

108
(0.29-4.04)

1.0
(-)

1.32
(0.73-2.38)

P value – 0.40 0.04 0.02 – 0.24 0.91 0.38
Laterality
Unilateral 28 38 30 94 98 59 29 8 147 45
Bilateral 11 11 8 33 27 18 10 2 36 14
OR (95%) 1.0

(-)
2.12
(0.88-5.15)

1.05
(0.20-5.42)

1.0
(-)

1.48
(0.75-2.94)

1.0
(-)

1.13
(0.46-2.76)

0.82
(0.16-4.21)

1.0
(-)

1.45
(0.74-2.86)

P value – 0.10 0.62 0.27 – 0.82 0.81 0.28
Invasion
Negative 20 24 10 64 44 33 16 5 82 26
Positive 19 25 28 63 81 44 23 5 111 33
OR (95%) 1.0

(-)
1.10
(0.47-2.54)

2.95
(1.13-7.67)

1.0
(-)

1.87
(1.13-3.10)

1.0
(-)

1.08
(0.49-2.36)

0.75
(0.20-2.81)

1.0
(-)

0.93
(0.52-1.69)

P value – 0.86 0.04 0.02 – 0.85 0.74 0.88
Choroidal Invasion
Minor 13 13 12 39 37 23 12 3 58 18
Massive 7 13 8 27 29 16 9 3 41 15
OR (95%) 1.0

(-)
1.99
(0.58-6.95)

1.27
(0.33-4.84)

1.0
(-)

1.14
(0.56-2.33)

1.0
(-)

1.02
(0.39-3.09)

1.02
(0.15-6.86)

1.0
(-)

1.02
(0.44-2.35)

P value – 0.36 0.64 – 0.86 – 1.00 1.00 – 1.00
Scleral Invasion
No 36 44 33 116 110 70 35 8 175 51
Yes 3 5 5 11 15 7 4 2 18 8
OR (95%) 1.0

(-)
1.36
(0.31-6.10)

1.82
(0.40-8.21)

1.0
(-)

1.44
(0.63-3.27)

1.0
(-)

0.46
(0.07-2.95)

2.19
(0.34-14.1)

1.0
(-)

1.53
(0.63-3.71)

P value – 0.89 0.48 – 0.41 – 0.59 0.59 – 0.34
Optic Nerve Cut End Invasion
No 38 45 32 121 109 73 34 8 180 50
Yes 1 4 6 6 16 4 5 2 13 9
OR (95%) 1.0

(-)
3.38
(0.36-31.5)

7.13
(0.82-62.3)

1.0
(-)

2.96
(1.12-7.84)

1.0
(-)

2.68
(0.68-10.6)

4.56
(0.72-28.9)

1.0
(-)

2.49
(1.01-6.17)

P value – 0.38 0.06 – 0.03 – 0.16 0.14 – 0.06
Aggression
Low 22 29 13 70 55 27 20 7 74 34
High 17 20 25 57 70 50 19 3 119 25
OR (95%) 1.0

(-)
1.03
(0.44-2.41)

2.49
(0.99-6.26)

1.0
(-)

1.56
(0.95-2.57)

1.0
(-)

0.51
(0.23-1.12)

0.23
(0.06-0.95)

1.0
(-)

0.46
(0.25-0.83)

P value – 0.87 0.07 0.08 – 0.11 0.04 0.01
Lag-time
< 3 months 32 38 31 102 100 60 34 7 154 48
>3 months 7 11 7 25 25 17 5 3 39 11
OR (95%) 1.0

(-)
0.76
(0.26-2.18)

0.96
(0.30-3.08)

1.0
(-)

0.98
(0.53-1.82)

1.0
(-)

0.52
(0.18-1.53)

1.51
(0.35-6.48)

1.0
(-)

0.91
(0.43-1.90)

P value – 0.79 1.00 – 1.00 – 0.32 0.69 – 0.85

The significance of bold values means significantly statistical difference.
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carcinogenesis [29]. Amplification and overexpression of MDM4 has
been observed in retinoblastomas in comparison to fetal retina. Func-
tional experiments have shown that MDM4 promotes tumorigenesis in
mice lacking Rb1/Rbl1 and treatment of RB cell line xenografts with the
small molecule nutlin-3 which targets p53-MDM2/4 interaction could
reduce tumor growth [30]. Subconjunctival delivery of nutlin-3 in
preclinical models of RB demonstrated some efficacy in mediating p53-
dependent cell death in RB [31]. Tp53 gene alteration is the most
common molecular event driving several different types of cancer, and
developing molecules to block p53-MDM2/MDM4 interactions is con-
sidered a promising strategy to combat cancers that contain inactive
wild-type p53.

Until now, accumulated evidence has supported an association be-
tween MDM2, MDM4 gene polymorphisms and RB development, tumor
features, and prognosis. For example, our group has shown that AG/GG
genotype at MDM2 rs937283 significantly increases the risk of RB de-
velopment, and RB patients with allele G at rs937283 were more sus-
ceptible to invasion, high tumor aggression, and poor prognosis [32].
The most widely studied MDM2 rs2279744 has also been linked to RB
development in the Chinese population [33]. As for MDM4, previous

studies have revealed that G allele of MDM4 rs116197192 is sig-
nificantly higher in RB patients, suggesting an association with in-
creased risk of RB development [17]. The other two most-studied
MDM4 polymorphisms are rs11801299 and rs1380576. Previous stu-
dies have described the role of these two polymorphisms in different
cancer types, including gastric cancer, breast cancer and others
[17,18,20]. However, these studies yielded different results. Recently,
Wang et al. reported that GG variant allele of MDM4 rs1380576 may
reduce the risk of gastric cancer in an Eastern Chinese population [11].
Hashemi et al. also found that C > G polymorphism of MDM4
rs1380576 was a protective factor for BC risk in a Southeast Iranian
population [18]. In contrast, Sun et al. observed that rs1380576 was
associated with a higher risk of prostate cancer and a higher Gleason
score, demonstrating that rs1380576 is related to more aggressive
prostate cancers in American Caucasian population [34]. Consistent
with these results, the present study also revealed that G allele (GG+
CG) at rs1380576 could decrease the risk of developing RB. Of course,
different tumor types may contribute to the differences observed in the
association between rs1380576 and tumor risk, but this discrepancy
may be also attributed to the different ethnicities studied. Further, the

Fig. 1. Kaplan-Meier survival curves of RB patients with different MDM4 polymorphisms, rs11801299 (a, b) or rs1380576 (c, d). The MDM4 polymorphism
rs11801299 (a, b), but not rs1380576 (c, d), was correlated with overall survival in RB patients.

Table 4
Multivariate Cox proportional hazard analysis of the prognostic factors for the overall survival rates of RB patients.

Factors Categories HR (95%CI)

Univariate Multivariate

Age > 24m/<24m 0.76 (0.49-2.49) 0.82 (0.58-2.35)
Gender Male/Female 0.97 (0.67-2.21) 1.29 (0.88-2.91)
Pathological Grade Poorly/Well+Moderately 2.98 (1.45-4.63) 2.30 (0.96-5.19)
Laterality Unilateral/Bilateral 0.64 (0.34-2.03) 0.68 (0.45-1.07)
Tumor aggression Low/High 0.45 (0.28-0.89) 0.51 (0.32-1.16)
Lag-time > 3m/<3m 3.70 (2.04-6.33) 1.98 (1.64-4.09)
Invasion Yes/No 3.29 (1.70-4.69) 2.47 (1.58-6.29)
rs11801299 AA+GA/GG 1.97 (1.23-3.76) 1.88 (0.93-3.08)
rs1380576 GG+GA/CC 0.83 (0.46-2.02) 0.67 (0.34-1.85)

The significance of bold values means significantly statistical difference.
HR: Hazard Ratio; 95% CI: 95% Confidence Interval; m, months; Invasion included choroidal invasion, scleral invasion or optic nerve invasion.
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present study also evaluated the association between this poly-
morphism and tumor features and prognosis. Although no significant
effect of rs1380576 on prognosis was observed, the data showed that
GG genotype and G allele of rs1380576 were correlated with tumor
aggressiveness in RB patients. Concerning MDM4 rs11801299, our re-
sults agree with those of Wang et al., who found that GA genotype
increased the risk of developing gastric cancer in an Eastern Chinese
population compared to GG genotype [20]. Similarly, we observed that
AA genotype significantly increased the risk of developing RB. How-
ever, Hashemi et al. did not find any association between rs11801299
and breast cancer risk in a Southeast Iranian population [18]. Our re-
sults showed that rs11801299 polymorphism is related to tumor inva-
sion, poor pathological differentiation, and poor prognosis. Recently,
one interesting report examined whether rs11801299 polymorphism is
associated with HPV16 status in squamous cell carcinoma of or-
opharynx [19]. Lu et al. reported that AG or AA genotypes at
rs11801299 were more common in squamous cell carcinoma of or-
opharynx patients with HPV16-positive (37.6%) than those with
HPV16-negative (25.6%; P=0.018) [19].

rs11801299 (NC_000001.10:g.204529084 G > A) was located in
the 3′-untranslated region (3′-UTR), whereas the other, rs1380576
(NC_000001.10:g.204488278 G > C) was in the first intron of MDM4
gene. The 3′-UTR and intron 1 of MDM4 gene play vital role in gene-
regulatory functions, affecting gene expression and tumor susceptibility
through regulation of the mRNA stability and translational efficiency
[21–23]. Hence, MDM4 expression could be altered by these functional
genetic mutation in MDM4 such as rs11801299 and rs1380576. For
example, the previous study have conducted a luciferase reporter ex-
periment to determine the effect of rs11801299 on MDM4 expression,
and demonstrated that the rs11801299 variant A allele was associated
with significantly lower luciferase activity compared with G allele [24].
Therefore, the A variant allele at rs11801299 might be biologically
functional to reduce MDM4 expression in cancer cell.

Of course, there were several limitations in the present study. First,
the sample size is relatively small. A small sample size may produce a
small number of individuals carrying some homozygous genotype,
especially GG genotype at rs1380576, which could limit the accuracy
and reliability of these results. Based on the survival curve, patients
with GG genotype of rs1380576 had better prognoses, but this differ-
ence was not statistically significant due to smaller sample size. Second,
we did not elucidate the mechanism for how these polymorphisms af-
fect RB risk and prognosis. We speculate that the effects may result from
these two polymorphisms decreasing MDM4 production and thus fur-
ther impairing the normal regulation of p53 pathway, but this hy-
pothesis regarding the role of these two polymorphisms in MDM4 ex-
pression need to be confirmed. Third, the power of these two
polymorphisms as major predicting factors of RB development or
prognosis in clinical practice was relatively low. For example, the
multiple COX analysis revealed that neither rs11801299 nor rs1380576
was an independent prognostic biomarker in RB patients. Thus, this
study will need to be replicated in other, larger independent cohorts
including different ethnicities.

In conclusion, our genetic assessment is the first study to evaluate
the association of rs11801299 and rs1380576 with RB. The results
showed that both AA genotype and A allele at rs11801299 were asso-
ciated with an increased risk of developing RB as well as tumor invasion
and poor pathological differentiation. Further, G allele at rs1380576
reduced the risk of developing RB and was associated with low tumor
aggressiveness. In addition, G allele at rs11801299 reflected poor
prognoses of RB patients.
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