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Abstract

Purpose The P53–MDM2 pathway plays a central role in

sarcoma pathogenesis. Functional P53 Arg72Pro and MDM2

T309G single-nucleotide polymorphisms (SNP) are consid-

ered to have significant effects on risk of sarcomas.

Methods Several molecular epidemiology studies have

evaluated how these genetic variants are involved in sar-

coma development, but the conclusions are inconsistent.

Therefore, we conducted this meta-analysis to systemati-

cally examine the association between these functional

SNPs and sarcoma risk.

Results There are four studies eligible for P53 Arg72Pro

SNP (466 sarcoma patients and 552 controls), and three

studies for MDM2 T309G SNP (355 sarcoma patients and

645 controls). Pooled odds ratios were appropriately cal-

culated using either fixed-effect model or random-effect

model. We did not find a significant association between

P53 Arg72Pro polymorphism and sarcoma risk. However,

in a stratified analysis, a statistically significant correlation

between this SNP and osteosarcoma risk was observed. For

MDM2 T309G variant, pooled results from the meta-

analysis indicate that carriers of TG and GG genotypes

showed a 34% increased risk to develop sarcomas com-

pared to TT carriers.

Conclusion These results suggest that the functional

MDM2 T309G genetic variant may play a more important

role in carcinogenesis of sarcoma.

Keywords P53 � MDM2 � Single-nucleotide

polymorphism � Sarcoma � Osteosarcoma

Introduction

There are a set of complex systems that could protect cells

against the genotoxic insults and maintain integrity of

human genome. Among all these systems, the P53 tumor

suppressor pathway plays an essential role in the cellular

response to stress by inducing cell growth arrest or apop-

tosis (Meek 2009; Vogelstein et al. 2000). High frequencies

of P53 mutations have been found in many types of human

cancer, including sarcomas, and are also correlated to the

process of carcinogenesis (Cheok et al. 2011). Both mice

and humans harboring germ line-inactivating mutations in

one P53 allele are highly susceptible to sarcomas (Malkin

et al. 1990). Moreover, genetic polymorphisms in P53 may

also be associated with an increased risk of developing

certain cancers (Yang et al. 2007; Hong et al. 2005).

MDM2, a key regulator of P53 tumor suppressor path-

way, can directly bind to P53 protein, inhibit its activity,

and lead to its degradation via the ubiquitination pathway.

P53 could also activate MDM2 transcription and increase

MDM2 expression (Landers et al. 1997; Chen et al. 1996).

It has been shown that sarcomas overexpress MDM2 and,

in some cases, have amplification of MDM2 gene locus

without P53 mutation (Flørenes et al. 1994; Leach et al.

1993). These results indicate that MDM2 overexpression

may take the place of inactivating P53 mutations in cancer

development.

A MDM2 single-nucleotide polymorphism (SNP)

(T309G) (rs2279744), which is in the promoter region of

MDM2, can increase affinity for stimulatory protein (Sp) 1

binding and result in increased MDM2 expression and the
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subsequent attenuation of the P53 pathway (Bond et al.

2004). It has been found that this SNP is associated with

susceptibility to sarcomas and many other cancers (Yang

et al. 2007; Hong et al. 2005; Bond et al. 2005; Bond and

Levine 2007). Moreover, there is also a functional P53

polymorphism, the G[C change at codon 72 (rs1042522),

which results in Arg[Pro amino acid substitution. It has

been shown that 72Arg allele may induce apoptosis with

faster kinetics than the 72Pro allele (Dumont et al. 2003;

Bergamaschi et al. 2006). On the other hand, the 72Pro

variant seems to be more competent in inducing cell cycle

arrest and DNA repair (Siddique and Sabapathy 2006;

Ørsted et al. 2007).

Sarcomas include tumors of bone, cartilage, fat, muscle,

vascular, and hematopoietic tissues, such as osteosarcoma,

liposarcoma, leiomyosarcoma, and Kaposi’s sarcoma.

Osteosarcoma is the most common primary bone malig-

nancy and frequently found in adolescents and young

adults (Ottaviani and Jaffe 2009; Mirabello et al. 2009). It

is rarely diagnosed before the age of five, but the incidence

increases with age until around puberty (Ottaviani and

Jaffe 2009; Mirabello et al. 2009). Rates of childhood and

adolescent osteosarcoma are relatively consistent world-

wide, ranging between 3 and 4.5 cases/million population/

year (Ottaviani and Jaffe 2009; Mirabello et al. 2009).

Osteosarcoma has been well characterized as one of the

tumors known to occur in Li-Fraumeni syndrome, the

cancer predisposition syndrome resulting from germ line

mutations in P53 (Palmero et al. 2010). In addition,

frequent gene amplification of MDM2 was observed in

osteosarcoma tissues (Wunder et al. 1999), indicating that

p53–MDM2 pathway plays an important role in osteosar-

coma development.

Soft tissue sarcomas are an exceptionally heterogeneous

group of uncommon tumors constituting less than 1% of all

malignant tumors and consist of more than 50 histopatho-

logic types and subtypes (Vesely et al. 2009). Soft tissue

sarcomas include sarcomas arising from the nonepithelial

extraskeletal tissue of mesenchymal origin and most

commonly localize in the deep soft parts of the limb or

limb girdle but also the subcutaneous tissue, trunk wall,

head and neck, and retroperitoneal, intraabdominal, and

pelvic areas (Clark et al. 2005). They are responsible for

about 1% of all adult malignancies (Clark et al. 2005), and

their management is an important medical challenge.

Among soft tissue sarcomas, leiomyosarcoma is a rela-

tively rare form and comprising *5–10% of soft tissue

sarcomas (Kotilingam et al. 2006). Genetic factors play an

essential role in the development of soft tissue sarcomas,

including translocations and mutations in tumor suppressor

genes and oncogenes (Kotilingam et al. 2006).

There are four epidemiological forms of Kaposi’s

sarcoma (Gallo 1998): (1) classic Kaposi’s sarcoma; (2)

endemic Kaposi’s sarcoma (Oettle 1962; Slavin et al. 1970;

Bhagwat et al. 1980); (3) iatrogenic Kaposi’s sarcoma

(Siegel et al. 1969); (4) epidemic or AIDS-Kaposi’s

sarcoma. The human herpesvirus type 8 (HHV-8), which

was the firstly isolated in AIDS-associated Kaposi’s sar-

coma, has been identified in virtually 100% of tumor

biopsies and defined as the etiological agent of all forms of

Kaposi’s sarcoma (Chang et al. 1994; Buonaguro et al.

1996). Interestingly, the HHV-8 virus interferes with the

P53–MDM2 pathway through several ways, such as sup-

pression of P53 transcription and transactivation activity by

HHV-8 latency-associated nuclear antigen (LANA) (Friborg

et al. 1999; Si and Robertson 2006), and specifically interaction

with MDM2 and stabilization of MDM2 by the viral interferon

regulatory factor 4 (vIRF4) (Rayburn et al. 2005; Lee et al.

2009). These results indicate the importance of the P53–

MDM2 pathway during oncogenesis of Kaposi’s sarcoma.

Considering the central role of P53–MDM2 pathway in

the response to DNA damage and preventing sarcoma

pathogenesis, we hypothesized that functional P53

Arg72Pro and MDM2 T309G polymorphisms might be

genetic susceptibility factors for the development of sar-

comas. To test this hypothesis, we systematically analyzed

the differential role of P53 and MDM2 variants on carci-

nogenesis of sarcomas through a meta-analysis.

Materials and methods

Literature search and data extraction

HuGE Navigator (version 2.0) (HuGE Literature Finder

2011; Yu et al. 2008) and PubMed (US National Library of

Medicine, National Institutes of Health 2011) were used for

the electronic literature searches with search terms of

‘‘P53,’’ ‘‘TP53,’’ ‘‘MDM2,’’ ‘‘HDM2,’’ ‘‘sarcoma,’’ ‘‘poly-

morphism,’’ ‘‘SNP,’’ as well as their combinations. Case–

control studies of P53 Arg72Pro or MDM2 T309G

polymorphism published from November 2004 to July 2011

were identified without language restrictions. We also

identified additional studies by screening reference lists of

key studies and reviews. Selection criteria of an eligible

study included: (a) original studies; (b) studies that investi-

gated the association between the P53 Arg72Pro or MDM2

T309G polymorphism and risk of sarcomas; and (c) studies

that reported crude odds ratio (OR) with 95% confidence

interval (CI) values or sufficient data to calculate crude OR

and 95% CI. The raw data and demographic information,

including first author, published year, original country, eth-

nicity, sample size, cancer types, and genotypes, were

independently extracted by two investigators (Yang M. and

Cai X.) and reached conformity on all items through

consultation.
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Statistical analysis

Association between P53 Arg72Pro or MDM2 T309G

polymorphism and cancer risk was re-calculated using

crude ORs together with their corresponding 95% CIs.

The combined ORs were performed for the models of

Arg/Arg versus Arg/Pro ? Pro/Pro (P53 Arg72Pro) or TT

versus TG ? GG (MDM2 T309G). Further analysis was

done by subgrouping studies into osteosarcoma, soft tissue

sarcoma (including uterine leiomyosarcoma), or Kaposi’s

sarcoma based on their general populations. If the P value

of the heterogeneity test was C0.05, a fixed-effect model

(the Mantel–Haenszel method) was performed to calculate

the combined OR (Mantel and Haenszel 1959), which

assumed the same homogeneity of effect size across all

studies. If the P value of the heterogeneity test was\0.05,

it showed that the between-study heterogeneity was sta-

tistically significant. A random-effects mode (the DerSi-

monian and Laird method) was used to calculate the

combined OR (Petitti 1994). Publication bias was tested

graphically by using funnels plots, in which the standard

error was plotted against the log(OR) to form a simple

scatter plot, and the funnel plot asymmetry was assessed

by the method of Egger’s test (Egger et al. 1997).

Asymmetric plots could indicate potential existing publi-

cation bias. The statistical analyses were performed using

Stata Statistical package (version 11.0; Stata Corp., Col-

lege Station, TX), Review Manager (Version 4.2, the

Cochrane Collaboration), and Statistical Analysis System

(version 9.0; SAS Institute, Cary, NC). All P values were

two-sided.

Results

Literature search and data extraction

We searched HuGE Navigator and NCBI PubMed using

the keywords ‘‘P53,’’ ‘‘TP53,’’ ‘‘sarcoma,’’ ‘‘polymor-

phism,’’ or ‘‘SNP’’ and found 29 studies. Of these 29

studies, 25 studies were excluded either because they were

not case–control studies or they are not studies on sarcomas

or reports on the role of P53 Arg72Pro on patient survival

or disease progression. Among these four case–control

studies, Savage et al. (2007) and Toffoli et al. (2009)

investigated role of P53 Arg72Pro in osteosarcoma devel-

opment among Caucasians, and the other two studies

examined effects of this SNP on carcinogenesis of soft

tissue sarcomas or Kaposi’s sarcoma in mixed populations

(Almeida et al. 2008; Tornesello et al. 2009). In addition,

after searching HuGE Navigator and NCBI PubMed

using the keywords ‘‘MDM2,’’ ‘‘HDM2,’’ ‘‘sarcoma,’’

‘‘polymorphism,’’ or ‘‘SNP,’’ we found 13 studies. Of these

13 studies, 10 studies were excluded because either they

were not case–control studies or they are not studies on

sarcomas or reports on the role of MDM2 T309G on

patient survival or disease progression. Among these three

reports, Alhopuro et al. (2005) studied association between

MDM2 SNP and risk of uterine leiomyosarcoma in Finish,

Toffoli et al. (2009) examined effect of this polymorphism

on osteosarcoma in Caucasians, and Tornesello et al.

(2011) evaluated the role of this polymorphism in Kaposi’s

sarcoma among Africans and Caucasians. A database,

including information extracted from each article, was

created. Table 1 showed the essential information, includ-

ing SNPs genotyped, first author, year of publication,

sample size, country, ethnicity, and cancer types.

Quantitative data synthesis

For the P53 Arg72Pro polymorphism, we obtained our

meta-analysis data from 4 datasets consisting of 466 sar-

coma patients and 552 controls. Since the between-study

heterogeneity was observed, the association between the

P53 Arg72Pro genotype and sarcoma risk was estimated

using random-effect model. Compared with Arg/Arg

genotype, the carriers of Arg/Pro and Pro/Pro genotypes

showed a decreased risk to develop sarcomas (OR = 0.76,

95% CI = 0.44–1.30) (Fig. 1). However, the association

was not statistically significant (P [ 0.05). For osteosar-

coma, there were two studies including 299 cases and 317

controls, and no between-study heterogeneity was found

(Q test, P = 0.17). In fixed-effect model, a statistically

significant correlation between the P53 polymorphism and

osteosarcoma risk was observed with the OR of 0.53

(95% CI = 0.36–0.78, P \ 0.05). The effects of the

MDM2 T309G polymorphism were also evaluated in 355

sarcoma patients and 645 controls. Compared with TT

genotype, a 1.34-fold increased risk to develop sarcomas

was observed in individuals with TG and GG genotypes

in a fixed-effect model (95% CI = 1.02–1.76, P \ 0.05)

(Fig. 2).

Bias diagnostics

For publication bias evaluation, genotypes of P53 Arg72-

Pro and MDM2 T309G polymorphisms were plotted

against the precision ones using a funnel plot. The result

was approximately symmetrical, and no publication bias in

the current meta-analysis was observed (Egger’s test:

P = 0.822 for P53 Arg72Pro; P = 0.578 for MDM2

T309G). This indicates that biases from publications and

other factors may not have a significant influence on the

results of our meta-analysis of association between P53

Arg72Pro or MDM2 T309G polymorphism and sarcoma

risk (Fig. 3).
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Table 1 Studies included in the meta-analyses of association between P53 Arg72Pro or MDM2 T309G SNP and sarcomas

SNP Source Case no. Control no. Country Ethnicity Cancer types

P53

Arg72Pro

Savage et al.

(2007)

98 68 USA Caucasian Osteosarcoma

Almeida et al.

(2008)

100 85 Brazil Mixed Soft tissue

sarcomas

Toffoli et al.

(2009)

201 250 Italy Caucasian Osteosarcoma

Tornesello et al.

(2009)

67 150 Cameroon, Kenya, Uganda, Italy,

Greece, and USA

African and

Caucasian

Kaposi’s sarcoma

MDM2

T309G

Alhopuro et al.

(2005)

68 185 Finland Finish Uterine

leiomyosarcoma

Toffoli et al.

(2009)

201 250 Italy Caucasian Osteosarcoma

Tornesello et al.

(2011)

86 210 Cameroon, Kenya, Uganda, Italy,

Greece, and USA

African and

Caucasian

Kaposi’s sarcoma

SNP, single-nucleotide polymorphism

Fig. 1 Meta-analysis for P53

Arg72Pro polymorphism (Arg/

Arg vs. Arg/Pro ? Pro/Pro) in

sarcomas

Fig. 2 Meta-analysis for

MDM2 T309G polymorphism

(TT vs. TG ? GG) in sarcomas
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Discussion

It has been shown that attenuated P53–MDM2 pathway

resulting from germ line polymorphisms is associated with

increased risk of carcinogenesis (Yang et al. 2007; Hong

et al. 2005; Bond et al. 2005; Bond and Levine 2007). To

summarize the role of P53 Arg72Pro or MDM2 T309G

polymorphism in carcinogenesis of sarcomas, a meta-

analysis including six published studies was done. It was

found that P53 Arg72Pro SNP is not associated with the

development of sarcomas in general but is associated with

the development of osteosarcoma. However, significant

association between MDM2 T309G polymorphism and

sarcoma development could be observed.

Acting as a tumor suppressor, P53 could lead to cell

growth arrest and/or apoptosis in response to DNA damage

and other cellular stresses (Meek 2009; Vogelstein et al.

2000). The p53 function is controlled by MDM2, which

binds to P53 and prevents P53-dependent cell cycle arrest

or apoptosis (Arva et al. 2005; Haupt et al. 1997). On the

other hand, the MDM2 promoter is regulated by P53

(Barak et al. 1993). The functional P53 Arg72Pro poly-

morphism has been shown to depress the activities of P53

in inducing apoptosis, cell cycle arrest, and DNA repair

(Dumont et al. 2003; Bergamaschi et al. 2006; Siddique

and Sabapathy 2006; Ørsted et al. 2007). In the current

meta-analysis, we did not find significant association

between P53 Arg72Pro and risk of sarcomas. However, in a

stratified analysis, a significantly reduced risk of individ-

uals carrying Arg/Pro and Pro/Pro to develop osteosarcoma

was observed. This observation is not a surprise because

the 72Pro allele could induce cell cycle arrest and DNA

Fig. 3 Funnel plots of the

Egger’s test of allele

comparison for publication bias.

a Funnel plot for P53 Arg72Pro

Arg/Arg versus Arg/Pro ? Pro/

Pro comparison in sarcomas;

b funnel plot for MDM2 T309G

TT versus TG ? GG

comparison in sarcomas. No

asymmetry was found as

indicated by the P value of

Egger’s test

J Cancer Res Clin Oncol (2012) 138:555–561 559

123



repair more efficiently to prevent transformation of normal

cells (Siddique and Sabapathy 2006; Ørsted et al. 2007).

Probably, in osteosarcoma, the 72Pro allele plays a domi-

nant role in oncogenesis compared to the 72Arg allele,

which can induce apoptosis with faster kinetics.

MDM2 is considered to be an oncogene, and its overex-

pression has been correlated to carcinogenesis and cancer

progression (Eymin et al. 2002; Polsky et al. 2001). We and

other groups observed positive association between MDM2

T309G polymorphism and several cancers, including sarco-

mas (Yang et al. 2007; Hong et al. 2005; Bond et al. 2005;

Bond and Levine 2007; Alhopuro et al. 2005; Toffoli et al.

2009; Tornesello et al. 2011). Consistent to our previous

observation in gastric cardia adenocarcinoma, this meta-

analysis demonstrated that individuals with G allele, which is

related to elevated MDM2 expression and MDM2 amplifi-

cation (Ito et al. 2011), showed significantly increased risk to

develop sarcomas. The different results between P53

Arg72Pro and MDM2 T309G SNPs may be due to different

genetic components of P53 and MDM2 genes in sarcoma

development. For P53 gene, mutations (including K132R,

K164N[het], V173L[het], D186splice, Y205stop, D208G

[het], A221fs, M237I, 2 S241fs[het], C242F, G244S[het],

R248G, E258fs[het], R267W, G279E, R282fs[het], E285K,

E286K, R290C[het], and R337L) might contribute more to

cell transformation compared to the P53 Arg72Pro poly-

morphism (Ito et al. 2011). However, MDM2 amplification

and increased MDM2 expression might be more important

susceptible factors for sarcomas (Ito et al. 2011). Interest-

ingly, MDM2 G allele is strongly associated with elevated

MDM2 expression and MDM2 amplification. This functional

relevance of MDM2 polymorphism is consistent with the

molecular epidemiological finding, demonstrating that the G

allele is a risk allele for sarcomas.

In summary, our study shows that the functional MDM2

T309G SNP but not P53 Arg72Pro variant is associated

with risk of sarcomas. However, P53 Arg72Pro polymor-

phism may play a part in development of osteosarcoma,

one major type of sarcomas.
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