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Abstract A T>G single nucleotide polymorphism (SNP,
1s2279744) of the MDM?2 gene has been investigated in sar-
coma community, but the findings are conflicting. This study
was designed to well define the relationship between SNP
1s2279744 and sarcoma risk. We did a systematic computer-
ized search of the PubMed, Web of Science, and Science
Direct databases to identify the human case—control studies
investigating the relationship between SNP 152279744 and
sarcoma risk with complete genetic data. Pooled odds ratios
(ORs) were calculated with the Mantel-Haenszel fixed-effect
model or the DerSimonian and Laird random effects model to
estimate the risk of sarcoma. Overall analysis included five
independent studies. On the whole, the T/G genotype or the
combined G/G and T/G genotypes appeared to be associated
with approximately 1.40-fold higher risk of sarcoma relative
to the T/T genotype (T/G vs. T/T: OR 1.33, 95 % CI 1.00—
1.77; G/IG+T/G vs. T/T: OR 1.42, 95 % CI 1.08-1.85). We
noted that the Caucasian populations showed a similarly in-
creased risk of sarcoma ascribed to the carriage of the same
genotypes (T/G vs. T/T: OR 1.41, 95 % CI 1.05-1.90; G/G+
T/Gvs. T/T: OR 1.49, 95 % CI 1.13—1.97). This meta-analysis
provides evidence that MDM?2 SNP rs2279744 may be
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significantly associated with increased risk of sarcoma in
Caucasian individuals.
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Introduction

Sarcoma is a type of less common malignancy preferentially
occurring in children and adolescents worldwide [1].
Mechanic research in the past decade has established genetic
mutations in signaling pathways as a cause of this disease [2].
However, sarcoma is etiologically heterogeneous, and hence,
the exact molecular mechanism remains to be elucidated.
The p53 tumor suppressor is one of the most frequently
mutated gene, and almost 50 % of all human cancers have
described p53 mutations [3, 4]. p53 encodes tumor protein 53,
a 53-kDa transcription factor mediating cellular proliferation,
senescence, and apoptosis in defense against chromosomal
breakage [5, 6]. The murine double minute 2 (MDM?2) gene
negatively modulates the p53 protein by coding for a ubiquitin
protein ligase that acts as a mediator of location, activity, and
stability of p53 [7, 8]. Thus, even a small change in MDM?2
serum levels may lead to a sharp impairment of the biological
function of p53. Altered MDM?2 levels have been linked to
p53 degradation and inactivation [9, 10], leading to conse-
quent initiation of cancer and poor prognosis [11, 12]. In the
promoter region, there locates a T>G single nucleotide poly-
morphism (SNP) at the 309th nucleotide of the first intron
(dbSNP ID 1s2279744). The G allele has been reported to
upregulate MDM2 protein expression by increasing the bind-
ing affinity of the transcriptional activator Spl and thereby
leads to attenuation in p53 tumor suppression [13, 14], sug-
gesting that the genetic variations in MDM?2 promoter may
represent a risk factor for various diseases in human. Several
epidemiological studies from Brazil and Italy have provided
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evidence supporting a major role of 152279744 in modifying
the risk of Ewing sarcoma, Kaposi sarcoma, and osteosarcoma
[15—17], whereas this sequence variation had no contribution
to uterine leiomyosarcoma [18]. To well define the relation-
ship between rs2279744 and sarcoma risk, we decided to
perform a meta-analysis of all previously published studies.

Methods
Search strategy

To derive the studies pertaining to MDM?2 SNP rs2279744 and
sarcoma, we did a systematic computerized search of the
PubMed, Web of Science, and Science Direct databases (up
to July 20, 2013). The search terms included murine double
minute 2, MDM?2, sarcoma, polymorphism, and polymor-
phisms. We also hand searched peer-reviewed journals,
known for publishing sarcoma-related articles, and reference
lists of all identified records, systematic reviews, and original
articles in particular. There were no restrictions for this search.

Inclusion criteria and data extraction

We included human studies that had a case—control or cohort
design, which investigated the relationship between SNP
1s2279744 and sarcoma risk and that contained genotype
counts in detail or provided information from which we could
infer the genotype distribution. Two investigators singled out
the studies that fulfilled all criteria as previously described and
then independently collected the name of the first author,
study country, ethnic origin, publication year and journal,
source of controls, proportion of male and female in cases
and controls, number of genotyped cases and controls, method
used to genotype SNP 152279744, count of genotypes, and P
value of Hardy—Weinberg equilibrium (HWE). Discrepancy
was resolved via discussion among all investigators.

Statistical analysis

Pooled odds ratios and its 95 % confidence intervals (OR and
95 % CI) were computed to estimate the association of SNP
1rs2279744 and sarcoma risk. The Z test was used to check the
significance of the combined ORs. Between-study heteroge-
neity was determined by the O test and the I statistic [19]. We
considered the results heterogeneous when P values were
higher than 0.10 or /* ranged from 0 to 50 %. For the calcu-
lation of pooled OR, the Mantel-Haenszel fixed effect model
was employed when heterogeneity was insignificantly indi-
cated; otherwise, the DerSimonian and Laird random effects
model was used. In addition to overall analysis, stratified
analysis was also performed to estimate risk for subgroups
according to ethnicity. We performed sensitivity analysis to
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see whether the overall estimates were substantially affected
as a result of the independent studies [20]. Estimation of
publication bias was conducted with the aid of Begg’s funnel
plots and Egger’s regression test [21]. Statistical data were
analyzed using the R Software version 2.15.0 (the R
Foundation for Statistical Computing), and P values smaller
than .10 were considered significant.

Results
Characteristics of studies

We primarily retrieved 56 articles, of which 52 articles were
discarded due to multiple reasons, such as obviously irrelevant
research, expression-based studies, and lack of required data.
As aresult, four articles remained for further analysis [15-18].
As an Italian article reported two different case—control stud-
ies, our final pooling data included five independent popula-
tions. The flow chart of study selection is presented in Fig. 1.

The studies eligible for this quantitative assessment were
published from 2005 to 2013, involving four Caucasian pop-
ulations and one African population. Control subjects were all
chosen from general population. Most of the studies selected
the classical polymerase chain reaction—restriction fragment
length polymorphism (PCR-RFLP) to determine the geno-
types of SNP 152279744. Both male and female subjects were
analyzed in our analysis. All genotype distributions in control
population were in HWE (P>0.10) (Table 1).

Quantitative synthesis

The meta-analysis results are summarized in Table 2.

Data from five studies were analyzed in overall analysis.
On the whole, the T/G genotype of T/G vs. T/T comparison
appeared to be associated with 1.33-fold higher risk of sarcoma

Records identified through online
databases (N=56)

i Records deleted after reviewing
: titles and abstracts due to focus
not on polymorphism or sarcoma
(N=46) :

Records retrieved and

screened (N=56)

Full-text articles deleted due to
: 1. Review articles (N=2)
¢ 2. Lack of genotype data (N=3)

i 3. Case-only study (N=1)

Full-text articles subject to
detailed examination
(N=10)

Data on 1 115 subjects
were analyzed in the
meta-analysis

Fig. 1 Flow chart for the primary selection in this meta-analysis



Tumor Biol. (2015) 36:1791-1795 1793

Table 1 Characteristics of studies considered in the meta-analysis

Study  Population Source of controls  Case population Control population Genotyping Deviation
from HWE

Sample  Male/female (%)  Sample  Male/female (%)

[15] Brazil (CA) Population-based 24 41.67/58.33 91 - PCR-RFLP No

[16] Italy (CA) Population-based 56 100.0/0 122 100.0/0 PCR-RFLP No

[16] Italy (African)  Population-based 30 100.0/0 88 100.0/0 PCR-RFLP No

[17] Italy (CA) Population-based 201 61.2/38.8 250 60.8/39.2 Pyrosequencing ~ No

[18] Finland (CA) Population-based 68 - 185 - PCR-RFLP No

relative to the T/T genotype (T/G vs. T/T: OR 1.33, 95 % CI
1.00-1.77, Fig. 2). Similarly, the combined G/G and T/G geno-
types showed a significantly 42 % increased risk of sarcoma
(G/G+T/G vs. T/T: OR 1.42, 95 % CI 1.08-1.85, Fig. 3).

Such a significant increase in the risk of sarcoma was also
revealed in stratified analysis according to ethnicity. There
was nearly 50 % increased risk of sarcoma associated with
the T/G or G/G and T/G combined genotypes (T/G vs. T/T:
OR 141, 95 % CI 1.05-1.90, Fig. 2; G/G+T/G vs. T/T: OR
1.49, 95 % CI 1.13-1.97, Fig. 3).

Heterogeneity test

As shown in Table 2, the overall estimates of three compari-
sons were found heterogeneous (P<0.10 or I>50 %).
Subgroup analysis revealed that ethnicity was a cause of the
moderate heterogeneity.

Sensitivity analysis and publication bias

We did not see any substantial alternation of overall estimates

using the sensitivity analysis, suggesting our results were
robust (data not shown). Using the analytic tools described

Table 2 ORs and heterogeneity results

by Begg and Egger, we found shapes of the funnel plots
symmetrical, and there was no statistical evidence of signifi-
cant publication bias in the literature (P>0.10).

Discussion

Multiple lines of evidence have associated enhanced expres-
sion of MDM?2 with the initiation of human cancer [12, 22].
Several groups further provide data that overexpressed MDM?2
increases the likelihood of cancer by accelerating cancerous
progression and blocking response to conventional chemo-
therapy [23, 24]. Much effort diverted to the complicated
etiology of sarcoma more than 20 years ago also revealed a
relevance of MDM?2 overexpression to apoptosis, cell-
cycle control, and resistance to traditional treatments
[25, 26]. Genetic alternations in the promoter region of
MDM?2 are reported to induce higher levels of the
protein, malfunction of the p53 pathway, and formation
of chromatin-associated MDM2—p53 complexes [27-29],
thus initiating the onset of aggressive diseases, such as
sarcoma. The data demonstrated across the last two

Subgroup Comparisons Studies analyzed Pooled OR (95 % CI) Heterogeneity Model
2 (%) Po.es

All G/G vs. T/T 5 1.56 (0.79, 3.09) 51.2 0.08 Random
Gvs. T 5 1.27(0.93, 1.75) 53.9 0.06 Random
T/G vs. T/T 5 1.33 (1.00, 1.77)* 389 0.16 Fixed
G/G+T/G vs. T/T 5 1.42 (1.08, 1.85)* 39.7 0.15 Fixed
G/G vs. T/G+T/T 5 1.29 (0.68, 2.44) 53.7 0.07 Random

Caucasian G/G vs. T/T 4 1.57 (0.73, 3.39) 63.3 0.04 Random
Gvs. T 4 1.34 (0.96, 1.85) 58.5 0.06 Random
T/G vs. T/T 4 1.41 (1.05, 1.90)* 30.6 0.22 Fixed
G/G+T/G vs. T/T 4 1.49 (1.13,1.97)* 327 0.21 Fixed
G/G vs. T/G+T/T 4 1.26 (0.62, 2.58) 65.3 0.03 Random

# Significant estimates
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Fig. 2 Forest plot of overall
sarcoma risk in relation to MDM2
SNP 152279744 using the T/G vs.
T/T comparison

Study

Thurow, 2013
Tornesello, 2011
Tornesello, 2011
Toffoli, 2009
Alhopuro, 2005

Fixed effect model

Heterogeneity: I-squared=38.9%, tau-squared=0.0819, p=0.1617

decades suggest that MDM2 may possibly have an in-
volvement in human malignancies.

The MDM?2 SNP rs2279744 is of special interest in recent
years due to its pivotal role played in the regulation of its
promoter protein, which has been implicated in sarcoma.
Alhopuro et al., who included 68 Finnish patients with uterine
leiomyosarcoma, reported that SNP rs2279744 had no signif-
icant contribution to the formation of this sarcoma [18].
However, a study examining the association between SNP
152279744 and risk of osteosarcoma demonstrated that the G
allele was related to a significantly increased risk only for
female patients [17]. Similarly, an almost 2.38-fold increased
risk of human immunodeficiency virus-associated malignancy
(Kaposi sarcoma) was seen in a Caucasian population [16], a
discovery in accord with the most recent study of Brazilian
patients with Ewing sarcoma [15]. It is important to note that
each of the published studies employed a small population
that may affect the statistical power and lead to biased estima-
tions as a consequence. Therefore, a larger study is required to
strengthen the detection power and provide compelling evi-
dence for the association under evaluation.

In this study, we gathered all published literature and
conducted a meta-analysis to evaluate the relation of SNP
1s2279744 and sarcoma risk. The analysis of total populations
showed approximately 40 % increased risk of sarcoma in
relation to the T/G genotype or the combined G/G and T/G
genotypes. Risk estimates for subgroups according to ethnic-
ity implicated that the T/G or G/G and T/G combined geno-
types appeared to be associated with an almost 1.50-fold risk
of sarcoma among Caucasian subjects. These findings are
consistent with most of the published studies reporting the
relationship of SNP 152279744 and risk of sarcoma and the
experimental data as previously detailed. An early meta-

Fig. 3 Forest plot of overall
sarcoma risk in relation to MDM?2
SNP rs2279744 using the G/G+
T/G vs. T/T comparison

Study

Thurow, 2013
Tornesello, 2011
Tornesello, 2011
Toffoli, 2009
Alhopuro, 2005

Fixed effect model

Heterogeneity: I-squared=39.7%, tau-squared=0.0754, p=0.1564
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Experimental Control
Events Total Events Total

Odds Ratio
OR

95%-Cl W(fixed)

Experimental
Events Total Events Total OR

13 19 35 83 ﬂ—‘— 2.97 [1.03; 8.58] 5.0%

33 52 48 103 s 190 [1.00;3.95 14.3%
3 20 16 8 — = 0.50 [0.14:1.88]  8.8%
86 155 107 218 S 129 [0.86;1.95] 48.2%
3 57 98 154 —a 0.98 [0.521.84] 23.7%

312 644 > 1.33 [1.00;1.77]  100%

02 05 1 2 5

analysis of four independent studies showed a 34 % elevated
risk to develop sarcoma ascribed to the TG and GG genotypes,
a discovery similar to that revealed in the current study [30].
Nevertheless, Cai et al. failed to include a subsequently pub-
lished study and assumed one comparison model (T/T vs
T/G+G/G) only, and it is the relatively smaller sample and
the effect size estimation for a single model may likely lead
consequently to an underestimated association. By adding an
additional dataset, we observed a stronger overall association
and statistical evidence of a significantly elevated risk of
sarcoma among Caucasians, which were not found in the
previous analysis.

Although this is the largest and most comprehensive anal-
ysis to date, several possible limitations should be addressed.
Firstly, we did not consider unpublished studies and the stud-
ies published in databases rather than those searched in the
present analysis, so publication bias may have occurred.
Secondly, our study probably has non-differential misclassifi-
cation bias, because of the nonstandardized selection of con-
trol subjects. For example, some studies randomly selected
healthy volunteers as controls, and for some studies, healthy
blood donors served as a reference group. Thirdly, as sarcoma
is heterogeneous in nature, common confounding factors,
such as age, gender, and carcinogenic exposure that may
modify risk of sarcoma by interaction with candidate genes,
should be considered.

In conclusion, we reported a significant association
between SNP rs2279744 in the promoter of MDM?2 and
sarcoma risk. Our findings also revealed that SNP
rs2279744 increased the risk of sarcoma among
Caucasians. These associations, however, remain to be
examined by a future study involving a large number of
samples.

Control Odds Ratio

95%-Cl W(fixed)

18 24 43 91 4~ 335 [1.22;9.21] 4.9%

37 56 67 122 b 1.60 [0.83.3.09] 15.8%
4 30 18 88 — =1 0.60 [0.19:1.93]  8.7%

132 201 139 250 = 153 [1.04:2.24] 46.9%
47 68 129 185 —n 0.97 [0.53:1.77] 23.6%
379 736 < 1.42 [1.08;1.85]  100%

02 05 1 2 5
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