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Association of p53 codon72 Arg4Pro polymorphism
with susceptibility to nasopharyngeal carcinoma: evidence
from a case–control study and meta-analysis
SK Sahu1, S Chakrabarti1, SD Roy2, N Baishya3, RR Reddy1, S Suklabaidya1, A Kumar1, S Mohanty1, S Maji1, A Suryanwanshi1,
S Rajasubramaniam4, M Asthana1, AK Panda1,5, SP Singh6, S Ganguly7, OP Shaw7, AK Bichhwalia7, PK Sahoo7, NR Chattopadhyay7,
K Chatterjee7, CN Kundu1,8, AK Das3, R Kannan9, Zorenpuii10, E Zomawia10, SA Sema2, YI Singh11, SK Ghosh12, K Sharma13, BS Das1 and
T Choudhuri1,7

Tumor suppressor p53 is a critical player in the fight against cancer as it controls the cell cycle check point, apoptotic pathways and
genomic stability. It is known to be the most frequently mutated gene in a wide variety of human cancers. Single-nucleotide
polymorphism of p53 at codon72 leading to substitution of proline (Pro) in place of arginine (Arg) has been identified as a risk
factor for development of many cancers, including nasopharyngeal carcinoma (NPC). However, the association of this
polymorphism with NPC across the published literature has shown conflicting results. We aimed to conduct a case–control study for
a possible relation of p53 codon72 Arg4Pro polymorphism with NPC risk in underdeveloped states of India, combine the result
with previously available records from different databases and perform a meta-analysis to draw a more definitive conclusion. A total
of 70 NPC patients and 70 healthy controls were enrolled from different hospitals of north-eastern India. The p53 codon72 Arg4Pro
polymorphism was typed by polymerase chain reaction, which showed an association with NPC risk. In the meta-analysis consisting
of 1842 cases and 2330 controls, it was found that individuals carrying the Pro allele and the ProPro genotype were at a significantly
higher risk for NPC as compared with those with the Arg allele and the ArgArg genotype, respectively. Individuals with a ProPro
genotype and a combined Pro genotype (ProPro+ArgPro) also showed a significantly higher risk for NPC over a wild homozygote
ArgArg genotype. Additionally, the strength of each study was tested by power analysis and genotype distribution by Hardy–
Weinberg equilibrium. The outcome of the study indicated that both allele frequency and genotype distribution of p53 codon72
Arg4Pro polymorphism were significantly associated with NPC risk. Stratified analyses based on ethnicity and source of samples
supported the above result.
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INTRODUCTION
Nasopharyngeal carcinoma (NPC) arises from the epithelial cells
that cover the upper part of the throat behind the nose and near
the base of the skull. The disease is treatable at an early stage but
the majority of NPC patients are diagnosed at a late stage because
of the exhibition of nonspecific symptoms related to other head
and neck illnesses.1,2 General symptoms of NPC include trismus,
otitis media, hearing loss, nasal regurgitation, cranial nerve palsies,
nasal twang, bleeding and pain.3 The World Health Organization
histopathological grading system classifies NPC into three types:
keratinizing squamous cell carcinoma; non-keratinizing differen-
tiated carcinoma; and undifferentiated carcinoma.4 The American
joint committee on cancer established tumor, node and meta-
stasis classification to determine the different stages of NPC.
Epidemiological studies suggest the association of food habits

(alcohol, intake of salted fish containing nitrosamine, herbal tea

and herbal medicine), lifestyle (occupational exposure to for-
maldehyde, chlorophenol, wood dust, tobacco users) and viral
infection (Epstein–Barr virus and human papilloma virus) in the
etiology of NPC.5–9 However, many individuals exposed to these
parameters do not develop NPC, which indicates the involvement
of genetic factors. To establish a link between genetic factors and
NPC development, study of single-nucleotide polymorphism (SNP)
in tumor suppressor genes has been the focus of many
researchers.
p53 is a well-established tumor suppressor gene located on

chromosome 17p13.1. It plays a critical role in response to
genotoxic stress and tries to maintain genomic stability and
control proper execution of the cell cycle and apoptotic
pathways.10–12 Deregulated function of p53 may result in loss of
this regulation, resulting in uncontrolled cell proliferation and
cancer development.13–15 Polymorphisms in p53 or target genes
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impair the function of the p53 signaling pathway.16 The most
studied polymorphism in p53 is located in exon 4 at codon72.
It carries either the CGC sequence that encodes arginine or the
CCC sequence that encodes proline due to G/C transversion.17,18

As a result, two allelic forms (Arg and Pro) and three genotypes
(ArgArg, ArgPro and ProPro) have evolved. These allelic variants

and genotypes oscillate in their binding capacity to the
transcriptional factors, induction of apoptosis and repression of
transformation of human cells.7,18–20 Arg variants induce apoptosis
more efficiently than do the Pro variants, which may be due to
their ability to localize into mitochondria and regulate the release
of cytochrome C into cytosol.18 The released cytochrome C in turn
activates caspase-3, one of the key executioners of apoptosis.21,22

This difference between Arg and Pro variants may provide the
plausible cause for Pro allele’s involvement in increased suscept-
ibility to NPC. Earlier, several studies including our present study
among the populations of north-eastern India have investigated
the relation between p53 codon72 Arg4Pro polymorphism and
NPC risk.23–32 The purpose of a case–control study of north-
eastern Indian populations was also to find out the incidence of
different stages of NPC among them and to examine the clinical
symptoms manifested by them. However, these findings were
inconsistent and inconclusive. In view of the fact that a single
study may have been underpowered in clarifying the association,
we performed a meta-analysis to combine the findings of all
earlier studies from public records and data from the present
study according to PRISMA (Preferred Reporting Items for
Systematic reviews and Meta-Analyses)33 guidelines to explore
the overall association and derive a near-specific conclusion.

Table 1. Baseline and clinical characteristics of NPC cases and healthy
controls

Cases
(n= 70)

Control
(n= 70)

General history
Age in year (⩽30/31–50/450) 7/38/25 5/42/23
Gender (male/female) 46/24 49/21
Marital status (married/unmarried/
widow)

48/18/4 42/28/0

Geographical region/ethnicity North-east
India/Asian

North-east
India/Asian

Specific clinical symptoms
Ear
Ache 28 Nil
Deafness 23 Nil
Infection 12 Nil
Tinnitus 12 Nil

Eye
Diplopia 14 Nil
Loss of vision 6 Nil
Protrusion of eye ball 2 Nil
Neck 27 Nil

Swelling
Nasal
Obstruction 21 Nil
Bleeding 20 Nil
Congestion 16 Nil

Clinical examination
Histopathologya (keratinizing
squamous cell carcinoma/non-
keratinizing differentiated
carcinoma/undifferentiated
carcinoma)

39/13/18 NE

TNM stagingb

stage 0: Tis, N0, M0 0 NE
stage I: T1, N0, M0 4 NE
stage II: T2, N0, M0 (or T1 /T2, N1, M0) 27 NE
stage III: T3, N0 to N2, M0 (or T1 /T2,
N2, M0)

16 NE

stage IVA: T4, N0, N1/ N2, M0 21 NE
stage IVB: any T, N3, M0 2 NE
stage IVC: any T, any N, M1 0 NE

Abbreviations: M, metastasis; N, lymphnode; NE, not examined; T, tumor.
Data are number of participants unless otherwise specified. The subjects
are marked. A total of 70 NPC patients were enrolled from seven medical
centers spread across the states of north-east India: (i) Dr B Borooah
Cancer Institute, Guwahati, Assam; (ii) Cachar Cancer Hospital & Research
Centre, Silchar, Assam; (iii) Civil Hospital, Aizawl, Mizoram; (iv) Civil Hospital,
Dimapur, Nagaland; (v) Regional Institute of Medical Sciences, Imphal,
Manipur; (vi) Arunachal State Hospital, Arunachal Pradesh; and
(vii) Guwahati Medical College & Hospital, Guwahati, Assam. Controls
and patient samples were characterized by considering their general
history, geographical region, ethnicity and body symptoms. Clinical
examinations of all patient samples based on World Health Organization
(WHO) and AJCC classification were performed to determine the different
stages of NPC. TNM, tumor, node and metastasis. aAccording to the WHO
histopathological grading system . bAccording to AJCC (American Joint
Committee on Cancer) classification to determine different stages of NPC.

Table 2. Genotyping and distribution of p53 codon72 Arg4Pro
polymorphism in NPC cases and healthy controls of north-eastern
Indian populations

Genotype or
allele

Case (n=70) Control
(n= 70)

P-value OR (95% CI)

Genotype
ArgArg 14 (20) 34 (48.57) 1 Ref.
ArgPro 33 (47.14) 20 (28.57) 0.03 0.39 (0.18–0.97)
ProPro 23 (32.86) 16 (22.86) 0.008 0.28 (0.11–0.69)

Allele
Arg 61 (43.57) 88 (62.86) 1 Ref.
Pro 79 (56.43) 52 (37.14) 0.001 0.45 (0.28–0.73)

Abbreviations: CI, 95% confidence interval; OR, odds ratio. Data are
number (%) of participants unless otherwisespecified. For genotyping,
blood samples collected from each individual were processed and
genomic DNA was extracted using the GenElute Blood Genomic DNA Kit
(Sigma, St Louis, MO, USA; cat no. NA2020). PCR for genotyping of p53
codon72 Arg4Pro polymorphisms was performed as described earlier.50

Primers were obtained from Integrated DNA Technologies (Coralville, IA,
USA): one pair of primers (p53 codon72 Arg Forward:
TCC CCC TTG CCG TCC CAA; P53 codon72 Arg Reverse:
CTG GTG CAG GGG CCA CGC) specific for the Arg allele and the other
pair (p53 codon72 Pro Forward: GCC AGA GGC TGC TCC CCC, p53 codon72
Pro Reverse: CGT GCA AGT CAC AGA CTT) for the Pro allele. PCR was
performed using a PCR amplification kit (cat no. RO11; TaKaRa, Shiga,
Japan) with the following reaction conditions: genomic DNA extracted
from blood was amplified in a PCR reaction containing 1× PCR buffer,
200 μM of each dNTP, 10 pmole of each primer and 0.5 unit of Taq
polymerase in a final volume of 20 μl. The detection of the two
polymorphic variants was carried out in two separate tubes. The
amplification was performed as follows: initial denaturation at 94 °C for
3 min, amplification for 35 cycles at 94 °C for 30 s, at 60 °C for the Arg allele
and at 54 °C for the Pro allele for 30 s, extension at 72 °C for 30 s, followed
by a final extension at 72 °C for 5 min. The PCR product obtained was
141 bp for the Arg allele and 177 bp for the Pro allele. Heterozygous
samples showed the presence of both PCR products, whereas homozygous
samples exhibited only one of the two products. In each PCR reaction one
blank sample containing water in place of genomic DNA was taken as the
negative control. Fisher’s exact test was used to examine the distribution of
allele and genotype frequencies among NPC patients and healthy
controls.51

p53 codon72 polymorphism is associated with NPC
SK Sahu et al

2

Oncogenesis (2016), 1 – 8



RESULTS AND DISCUSSION
NPC is a public health problem in many countries; it has a complex
etiology and ranks 24th among the most frequently diagnosed
cancers.34 The incidence rate of this cancer is highest in south-east
Asia and about 92% of new cases are being found in economically
developing countries.34 In India, this rate is comparable to that of
the United Kingdom with the younger age peak in the second
decade.35,36 Several susceptible genes have been implicated for
NPC risk, such as tumor suppressor p53, TGFβ1, IL-12 p40 and DNA
repair genes.28,37–39 In contrast, FokI and Bsm I polymorphisms of
vitamin D receptor gene, SNP of deleted in liver cancer-1 (−29A/T)
showed no association with NPC.40,41 However, polymorphisms in
PIN-1, TNF-α and glutathione S-transferase genes are indirectly
associated with NPC as they influence the p53 codon72
polymorphism.42–44 These studies suggest that genetic predis-
position may play a role in NPC development. Hence, we
conducted a study in the north-eastern Indian population among
healthy controls and NPC patients to find out the prevalence of
p53 codon72 Arg4Pro polymorphism (Table 1). In the control
population, the wild-type homozygous ArgArg genotype (48.57%)
was more prevalent than the mutant heterozygous ArgPro
genotype (28.57%) and mutant homozygous ProPro genotype
(22.86%). Also, the prevalence of the Arg allele (62.86%) was
higher than that of the Pro allele (37.14%). In the NPC population,
the ArgPro genotype (47.14%) was encountered more than the
ArgArg genotype (20%) and the ProPro genotype (32.86%).
However, the Pro allele (56.43%) was more prevalent than the
Arg allele (43.57%). The allele and genotype frequencies of the
p53 codon72 polymorphism observed in this population were
comparable to those of previous studies conducted in other
populations.23–32 Significant association was observed in the
distribution of p53 codon72 polymorphism in controls and NPC
patients (Pro allele: P= 0.001, OR= 0.45, 95% CI = 0.28–0.73;
ArgPro genotype: P= 0.03, OR= 0.39, 95% CI = 0.18–0.97; ProPro
genotype: P= 0.008, OR= 0.28, 95% CI = 0.11–0.69) (Table 2).
The p53 codon72 SNP has been studied by many groups across

the world. In the Chinese population Birgander et al., in 1996, and
Yung WC et al., in 1997 demonstrated no association between the

mutant p53 codon72 and the risk for NPC.23 Subsequently,
Tsai et al.,24 in 2002, reported that the p53 ProPro homozygote
was a risk factor for NPC development. In the Thai population,
Tiwawech et al.,25 in 2003, reported that the p53 gene
polymorphism may be associated with NPC susceptibility,
particularly the Pro/Pro genotype carriers in subjects older than
40 years. In Portugal, Sousa et al.26 in 2006 reported similar
findings linking the susceptibility of the P53 codon72 polymorph-
ism to NPC. Further, Hadhri-Guiga et al.,27 in 2007, found that
individuals carrying the ProPro homozygote carried an elevated
risk for NPC in Tunisia. Similarly, Xiao M et al.,29 in 2010, found that
the p53 codon72 polymorphism carried an increased NPC risk
independently or in combination with the murine double minute-
2 (MDM2) polymorphism in a Chinese population sample,
suggesting a gene–gene interaction in NPC pathogenesis.
Furthermore, Li et al.,28 in 2013, reported that p53 codon72 and
miR-34b/c rs4938723 polymorphisms may singly or collaboratively
contribute to the risk for NPC. Two more studies reported this
polymorphism as an independent prognostic marker for NPC, and
hence one could speculate that this polymorphism means more
risk for incidence and more risk for an aggressive disease.45,46

Moreover, Zhang et al., in 2014, observed a weak effect of p53
polymorphisms on NPC risk. However, they found a significant risk
with combination genotypes (i.e., p53 codon72 ArgPro+ProPro,
MDM2 rs2279244 GT+GG, PTEN rs11202592 CC, AKT1 rs1130233
AA).30 Overall, variability in study results may be attributed to
variation in study design, environmental factors, genetic back-
grounds, racial heterogeneity, sample size, source of controls and
enrollment criteria for NPC cases. A previous meta-analysis
showed that the ProPro homozygote of p53 codon72 possesses
an increased NPC risk.47 In another meta-analysis, Jiqiao Yang
et al.48 analyzed publicly available data under five comparison
models (allele contrast, homozygous, heterozygous, dominant and
recessive) and showed the association of p53 codon72 Arg4Pro,
MMP-1 (1G42G), MMP-2 (−1306C4T), CYP2E1 (RsaI) and XRCC1
codon399 Arg4Gln polymorphism with increased risks for NPC.
In our meta-analysis, all eligible reports that fulfilled the inclusion

criteria were identified from publication search and the data from the

Figure 1. Flow chart showing the overall process of the study identification and selection. All case–control studies related to p53 codon72 and
NPC were searched for in Pub Med, Science direct and manually from printed editions in different journals published up to December 2015.
The search items included the combination of the following key words: p53, p53 codon72, p53 codon72 ArgPro, p53 codon72 Arg4Pro, p53
Arg72Pro or rs1042522; and nasopharyngeal cancer, nasopharyngeal carcinoma or NPC; and mutation, polymorphism, single nucleotide
polymorphisms or SNPs. The inclusion criteria were case–control studies in peer-reviewed journals and articles containing useful allele and
genotype frequency. The exclusion criteria were case reports without control, overlapping data with previous publications, and review articles.
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north-eastern Indian population were also included for
evaluation.23–32 Thus, a total of 10 case–control studies counting
1842 NPC patients and 2330 controls comprising populations from
India, China, Tunisia, Portugal and Thailand were included in the final
meta-analysis (Figure 1). The characteristics of all studies considered
for the p53 codon72 Arg4Pro polymorphism were given. Minor allele
frequency, Hardy–Weinberg equilibrium and a post hoc power of each
study were calculated to detect the probability of association
between p53 codon72 Arg4Pro polymorphisms and NPC at the
0.05 level of significance, assuming small effect size (w=0.15). In the
north-eastern Indian population, the minor allele frequency of the p53
codon72 Arg4Pro was 0.37 for controls and 0.56 for NPC. The power
of this case–control study was too weak (23%) to detect any mild
effect of the polymorphisms on disease susceptibility.
The distribution of genotype frequency among controls in all

these studies did not deviate from Hardy–Weinberg equilibrium
since P40.05, except the study in the north-eastern Indian
population (Table 3).
It is worth noting that the small size of samples from the north-

eastern population may be due to the low incidence of NPC.
Significant associations between p53 codon72 Arg4Pro poly-

morphism and NPC risk were observed in the combined analysis
of overall studies (Pro vs Arg: OR= 1.28, 95% CI = 1.17–1.40, POR
o0.001; ProPro vs ArgArg: OR= 1.70, 95% CI = 1.41–2.04,
PORo0.001; ArgPro vs ArgArg: OR= 1.24, 95% CI = 1.07–1.43,
POR = 0.004; ProPro+ArgPro vs ArgArg: OR= 1.35, 95%
CI = 1.17–1.55, PORo0.001; ProPro vs ArgArg+ProPro: OR= 1.54,
95% CI = 1.18–2.01, POR = 0.002) (Figure 2). Stratified analysis was
performed according to ethnicity (Asian, Caucasian), source of
sample (hospital-based and population-based studies) and in
Chinese studies. The pooled ORs (Table 4) and forest plots (figures
not shown) indicated that the p53 codon72 polymorphism among
Asians and population-based studies was associated with the
development of NPC in all five comparison models (Pro vs Arg,
ProPro vs ArgArg, ArgPro vs ArgArg, ProPro+ArgPro vs ArgArg and
ProPro vs ArgArg+ProPro). In Caucasian and hospital-based
studies a similar risk was noted in three comparison models (Pro
vs Arg, ProPro vs ArgArg and ProPro vs ArgArg+ProPro). In the
overall Chinese studies NPC risk was found for all comparison
models except for the recessive model. Sensitivity analyses were
carried out to assess the stability of the results in the overall and
stratified analysis by sequential omission of individual study each
time. It was observed that the influence of individual data sets on
the significance of pooled ORs was not markedly influenced by
any single study (data not shown). Funnel plot and Egger’s
test were conducted in five comparison models to assess the
publication bias in the overall combined meta-analyses. The shape
of funnel plots did not reveal any evidence of asymmetry
(Figure 3). Stratified analysis in Asian, population-based and
Chinese studies also showed similar trends in the shape of the
funnel plots (figures not shown). Furthermore, Egger’s test in
overall, Asian, population-based and Chinese studies did not show
evidence of publication bias in any of the comparison models as
P-values were larger than 0.05 (Table 4). However, publication bias
(Funnel plot and Egger’s test) was not possible in Caucasian and
hospital-based studies because the numbers of studies were less
than three. Heterogeneity within and among different studies
were tested with Q-value, P-value of heterogeneity (PH) and I2

statistics (Table 4). The random-effects model was used for
meta-analysis if the Q-statistic was significant (PHo0.05), which
indicates heterogeneity across studies. The fixed-effect model was
employed when PH⩾ 0.05. In the overall population, the fixed-
effect model was employed for meta-analysis of the p53 codon72
Arg4Pro polymorphism in four comparison models (Pro vs Arg,
ProPro vs ArgArg, ArgPro vs ArgArg and ProPro+ArgPro vs
ArgArg). However, the ProPro vs ArgArg+ArgPro comparison
model showed heterogeneity among studies in the overall
population and the random-effect model was used.Ta

bl
e
3.

M
ai
n
ch

ar
ac
te
ri
st
ic
s
o
f
st
u
d
ie
s
in
cl
u
d
ed

in
th
e
m
et
a-
an

al
ys
is

Fi
rs
t
au

th
or

(y
ea

r)
,
re
f.

C
ou

nt
ry

Et
hn

ic
it
y

St
ud

y
de

si
gn

G
en

ot
yp

in
g

m
et
ho

d
Sa

m
pl
e
si
ze

G
en

ot
yp

e
(c
on

tr
ol
)

G
en

ot
yp

e
(c
as
e)

M
A
F

H
W
E
fo
r
co
nt
ro
l

Po
w
er

(%
)

Co
nt
ro
l/c
as
e

A
rg
Ar
g

A
rg
Pr
o

Pr
oP

ro
A
rg
Ar
g

A
rg
Pr
o

Pr
oP

ro
Co

nt
ro
l/c
as
e

χ2
P-
va
lu
e

Pr
es
en

t
st
u
d
y
(2
01

4)
In
d
ia

A
si
an

H
B

A
S-
PC

R
70

/7
0

34
20

16
14

33
23

0.
37

/0
.5
6

10
.5
4

0.
00

1
23

Z
h
an

g
(2
01

4)
3
0

C
h
in
a

A
si
an

PB
PC

R
-R
FL
P

47
7/
56

6
13

0
22

9
11

8
13

3
29

2
14

1
0.
48

/0
.5
0

0.
73

0.
39

97
Li

(2
01

3)
2
8

C
h
in
a

A
si
an

PB
PC

R
-R
FL
P

36
0/
21

7
12

5
18

6
49

73
11

3
31

0.
39

/0
.4
0

2.
39

0.
12

80
X
ia
o
(2
01

0)
2
9

C
h
in
a

A
si
an

PB
PC

R
-R
FL
P

71
2/
52

2
22

6
36

6
12

0
11

7
27

0
13

5
0.
42

/0
.5
1

1.
88

0.
17

99
H
ad

h
ri
-G
u
ig
a
(2
00

7)
2
7

Tu
n
is
ia

C
au

ca
si
an

PB
PC

R
-R
FL
P

83
/1
15

32
45

6
44

48
23

0.
34

/0
.4
0

3.
39

0.
06

32
So

u
sa

(2
00

6)
2
6

Po
rt
u
g
al

C
au

ca
si
an

PB
A
S-
PC

R
28

5/
10

7
17

8
93

14
62

32
13

0.
21

/0
.2
7

0.
16

0.
68

61
Ti
w
aw

ec
h
(2
00

3)
2
5

Th
ai
la
n
d

A
si
an

PB
PC

R
-R
FL
P

14
8/
10

2
50

70
28

24
52

26
0.
42

/0
.5
0

0.
15

0.
69

40
Ts
ai

(2
00

2)
2
4

C
h
in
a

A
si
an

H
B

PC
R
-R
FL
P

59
/5
0

25
26

8
20

14
16

0.
35

/0
.4
6

0.
08

0.
76

18
Yu

n
g
(1
99

7)
2
3

C
h
in
a

A
si
an

PB
PC

R
-R
FL
P

31
/2
0

10
13

8
6

11
3

0.
46

/0
.4
2

0.
77

0.
39

10
B
ri
g
an

d
er

(1
99

7)
3
2

C
h
in
a

A
si
an

PB
PC

R
-R
FL
P

10
5/
73

31
49

25
16

31
26

0.
47

/0
.5
6

0.
42

0.
51

29

A
b
b
re
vi
at
io
n
s:
A
S,

al
le
le

sp
ec
ifi
c;
H
B
,h

o
sp
it
al

b
as
ed

;H
W
E,

H
ar
d
y–
W
ei
n
b
er
g
eq

u
ili
b
ri
u
m
;M

A
F,
m
in
o
r
al
le
le

fr
eq

u
en

cy
;P

B,
p
o
p
u
la
ti
o
n
b
as
ed

;R
FL
P,
re
st
ri
ct
io
n
fr
ag

m
en

t
le
n
g
th

p
o
ly
m
o
rp
h
is
m
.T

h
e
st
u
d
y
d
es
ig
n

b
as
ed

o
n
sa
m
p
le
s
co

lle
ct
ed

fr
o
m

h
o
sp
it
al
s
o
r
ra
n
d
o
m

p
o
p
u
la
ti
o
n
s,
d
iff
er
en

t
co

u
n
tr
ie
s
an

d
et
h
n
ic
it
ie
s,
p
o
w
er

o
f
th
e
st
u
d
y,
g
en

o
ty
p
in
g
m
et
h
o
d
an

d
th
e
d
is
tr
ib
u
ti
o
n
o
f
th
e
g
en

o
ty
p
e
am

o
n
g
N
PC

an
d
co

n
tr
o
ls

w
er
e
lis
te
d
.H

W
E
w
as

te
st
ed

u
si
n
g
th
e
w
eb

-b
as
ed

to
o
ls
(h
tt
p
:/
/w

w
w
.o
eg

e.
o
rg
/s
o
ft
w
ar
e/

w
e-
m
r-
ca
lc
.s
h
tm

l).
Po

w
er

an
al
ys
is
w
as

p
er
fo
rm

ed
b
y
G

p
o
w
er

so
ft
w
ar
e
(v
er
si
o
n
3.
1)
.5
2

p53 codon72 polymorphism is associated with NPC
SK Sahu et al

4

Oncogenesis (2016), 1 – 8



Figure 2. Forest plots for association between p53 codon72 Arg4Pro polymorphism and NPC risk. The squares and horizontal lines
correspond to the study-specific OR and 95% CI, respectively. The area of the squares reflects the study-specific weight and the diamond
represents the pooled OR and 95% CI.
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In the stratified analysis, the fixed-effect model was employed in
all comparison models of Asian studies except the Pro vs Arg
comparison, in which the random-effect model was used. In
Caucasian studies the fixed-effect model was employed in all
comparison models. In population-based and Chinese studies the
fixed-effect model was employed in all comparison models except
in the ProPro vs ArgArg+ArgPro comparison model, which reflects
the combined results of the overall study. In hospital-based
studies the fixed-effect model was employed in three comparison
models (Pro vs Arg, ProPro vs ArgArg and ProPro vs ArgArg
+ProPro) and the random-effect model in two comparison models
(ArgPro vs ArgArg and ProPro+ArgPro vs ArgArg). The overall
pooled results indicate that the p53 codon72 polymorphism is a
significant risk factor in the pathogenesis of NPC. Stratified

analyses in Asian, Caucasian, hospital-based, population-based
and Chinese case–control studies corroborate this association.
This meta-analysis supports the findings in north-eastern Indian
populations. To our knowledge, the current study is the first to
analyze the p53 codon72 polymorphism and association with NPC
in the Indian population.
In conclusion, our case–control study in North Indian

populations and meta-analysis results as evidenced from five
genetic models suggest that the p53 codon72 Arg4Pro
polymorphism could be employed as a risk factor for NPC.
However, some limitations exist in the current meta-analysis.
Association of p53 codon72 polymorphism with susceptibility to
the histological and clinical grade of NPC patients has not been
investigated because of lack of available data on the subject.

Table 4. Summary of overall and stratified meta-analysis results

Comparisons Heterogeneity Model Forest plot analysis Egger’s regression analysis

Q-value PH I2(%) OR 95% CI POR Intercept 95% CI P-value

Overall studies
Pro vs Arg 15.98 0.06 43.69 Fixed 1.28 1.17–1.40 o0.001 0.69 − 1.53 to 2.91 0.49
ProPro vs ArgArg 16.23 0.06 44.56 Fixed 1.70 1.41–2.04 o0.001 0.75 − 1.45 to 2.96 0.45
ArgPro vs ArgArg 14.95 0.09 39.80 Fixed 1.24 1.07–1.43 0.004 − 0.02 − 2.33 to 2.28 0.98
ProPro+ArgPro vs ArgArg 13.55 0.13 33.60 Fixed 1.35 1.17–1.55 o0.001 0.29 − 1.94 to 2.54 0.76
ProPro vs ArgArg+ArgPro 19.05 0.02 52.76 Random 1.54 1.18–2.01 0.002 1.005 − 1.20 to 3.21 0.32

Asian studies
Pro vs Arg 15.78 0.02 55.65 Random 1.30 1.10–1.54 0.002 0.68 − 2.24 to 3.60 0.58
ProPro vs ArgArg 13.94 0.05 49.79 Fixed 1.63 1.34–1.97 o0.001 0.37 − 2.50 to 3.24 0.76
ArgPro vs ArgArg 11.40 0.12 38.62 Fixed 1.31 1.11–1.53 0.001 0.38 − 2.15 to 2.93 0.72
ProPro+ArgPro vs ArgArg 12.18 0.09 42.53 Fixed 1.39 1.20–1.62 o0.001 0.58 − 2.07 to 3.24 0.61
ProPro vs ArgArg+ArgPro 13.40 0.06 47.79 Fixed 1.35 1.15–1.59 o0.001 0.32 − 2.42 to 3.06 0.78

Caucasian studies
Pro vs Arg 0.02 0.87 o0.001 Fixed 1.35 1.03–1.77 0.02 — — —

ProPro vs ArgArg 0.005 0.94 o0.001 Fixed 2.71 1.44–5.09 0.002 — — —

ArgPro vs ArgArg 0.36 0.54 o0.001 Fixed 0.89 0.61–1.31 0.58 — — —

ProPro+ArgPro vs ArgArg 0.22 0.63 o0.001 Fixed 1.13 0.79–1.61 0.50 — — —

ProPro vs ArgArg+ArgPro 0.08 0.77 o0.001 Fixed 2.88 1.57–5.29 0.001 — — —

Population-based studies
Pro vs Arg 10.42 0.16 32.82 Fixed 1.24 1.13–1.37 o0.001 − 0.06 − 2.71 to 2.58 0.95
ProPro vs ArgArg 12.99 0.07 46.11 Fixed 1.62 1.34–1.97 o0.001 0.27 − 2.56 to 3.11 0.82
ArgPro vs ArgArg 5.42 0.60 o0.001 Fixed 1.21 1.04–1.41 0.01 − 0.57 − 2.52 to 1.38 0.49
ProPro+ArgPro vs ArgArg 5.91 0.55 o0.001 Fixed 1.31 1.13–1.51 o0.001 − 0.43 − 2.54 to 1.66 0.62
ProPro vs ArgArg+ArgPro 16.43 0.02 57.39 Random 1.46 1.09–1.96 0.01 0.69 − 2.26 to 3.65 0.58

Hospital-based studies
Pro vs Arg 0.90 0.34 o0.001 Fixed 1.88 1.31–2.69 0.001 — — —

ProPro vs ArgArg 0.23 0.63 o0.001 Fixed 3.02 1.54–5.94 0.001 — — —

ArgPro vs ArgArg 8.35 0.004 88.02 Random 1.65 0.28–9.48 0.57 — — —

ProPro+ArgPro vs ArgArg 5.06 0.02 80.25 Random 2.04 0.61–6.83 0.24 — — —

ProPro vs ArgArg+ArgPro 0.93 0.33 o0.001 Fixed 2.07 1.15–3.73 0.01 — — —

Chinese studies
Pro vs Arg 10.16 0.07 50.80 Fixed 1.23 1.11–1.36 o0.001 − 0.17 − 4.00 to 3.64 0.90
ProPro vs ArgArg 10.66 0.05 53.10 Fixed 1.54 1.25–1.89 o0.001 − 0.31 − 4.26 to 3.64 0.83
ArgPro vs ArgArg 3.76 0.58 o0.001 Fixed 1.23 1.04–1.45 0.015 − 0.80 − 2.89 to 1.29 0.34
ProPro+ArgPro vs ArgArg 4.56 0.47 o0.001 Fixed 1.31 1.12–1.54 0.001 − 0.55 − 3.11 to 2.00 0.58
ProPro vs ArgArg+ArgPro 13.03 0.02 61.63 Random 1.36 0.97–1.90 0.07 0.14 − 4.10 to 4.39 0.92

Abbreviations: 95% CI, 95% confidence intervals; Fixed, fixed-effect model; OR, odds ratio; PH, P-vaue of heterogeneity analysis. Meta-analysis was performed
with comprehensive meta-analysis V2 software in overall studies, Asian, Caucasian, population-based, hospital-based and Chinese studies. Association of p53
codon72 Arg4Pro polymorphisms with NPC was assessed by the estimation of the combined odds ratio (OR), P-value and 95% confidence interval (CI) in five
different models: (i) allele contrast (Pro vs Arg), (ii) homozygous comparison (ProPro vs ArgArg), (iii) heterozygous comparison (ArgPro vs ArgArg), (iv)
dominant (ProPro+ArgPro vs ArgArg) and (v) recessive (ProPro vs ArgArg+ProPro) model. Heterogeneity between studies was calculated using Cochran’s
Q-statistic and I2 values as described earlier.53,54 Based on heterogeneity or homogeneity among the included studies, the random (Der Simonian and Laird
method) or fixed (Mantel–Haenszel's method) model was used to calculate combined OR and 95% CI. Publication bias was assessed from Egger’s regression
analysis.
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The p53 Arg form is more susceptible to degradation than
the Pro form by human papilloma virus E6 protein.49 Notably,
Epstein–Barr virus infection modulates the effect of the p53
family22 and is a well-nown risk factor for NPC. Nevertheless,
whether the p53 Arg or the Pro form is also susceptible to
degradation by viruses or by other infectious agents needs to be
investigated. Further, as there are a large number of SNPs for p53,

the SNP studied in the present analysis was limited only to the
functionally important one. In future, screening of all p53 and
related polymorphisms in larger samples based on ethnicity in
view of confounding factors such as age, sex, cigarette smoke,
tobacco use, alcohol intake, dietary habit, stages of NPC and
socioeconomic status is required to validate the findings.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGEMENTS
This work was supported by a DBT, Government of India-sponsored project (Sanction
No: BT/01/NE/TBP/204(Med)/3/2011) and from an intramural grant from the Institute
of Life Sciences, Bhubaneswar, India. The funders had no role in study design, data
collection and analysis, decision to publish or preparation of the manuscript.

REFERENCES
1 Sheen TS, Ko JY, Chang YL, Chang YS, Huang YT, Chang Y et al. Nasopharyngeal

swab and PCR for the screening of nasopharyngeal carcinoma in the endemic area:
a good supplement to the serologic screening. Head Neck 1998; 20: 732–738.

2 Shanmugaratnam K, Chan SH, de-The G, Goh JE, Khor TH, Simons MJ et al.
Histopathology of nasopharyngeal carcinoma: correlations with epidemiology,
survival rates and other biological characteristics. Cancer 1979; 44: 1029–1044.

3 Wei WI, Sham JS. Nasopharyngeal carcinoma. Lancet 2005; 365: 2041–2054.
4 Shanmugaratnam K, Sobin LH. Histological Typing of Upper Respiratory Tract

Tumors. World Health Organization: Geneva, 1978. International Histologic
Classification of Tumors: No. 19.

5 Mirzamani N, Salehian P, Farhadi M, Tehran EA. Detection of EBV and HPV in
nasopharyngeal carcinoma by in situ hybridization. Exp Mol Pathol 2006; 81: 231–234.

6 Armstrong RW, Imrey PB, Lye MS, Armstrong MJ, Yu MC, Sani S. Nasopharyngeal
carcinoma in Malaysian Chinese: salted fish and other dietary exposures. Int J
Cancer 1998; 77: 228–235.

7 Farrow DC, Vaughan TL, Berwick M, Lynch CF, Swanson GM, Lyon JL. Diet and
nasopharyngeal cancer in a low-risk population. Int J Cancer 1998; 78: 675–679.

8 Mirabelli MC, Hoppin JA, Tolbert PE, Herrick RF, Gnepp DR, Brann EA.
Occupational exposure to chlorophenol and the risk of nasal and nasopharyngeal
cancers among U.S. men aged 30 to 60. Am J Ind Med 2000; 37: 532–541.

9 Zheng YM, Tuppin P, Hubert A, Jeannel D, Pan YJ, Zeng Y et al. Environmental and
dietary risk factors for nasopharyngeal carcinoma: a case-control study in Zangwu
County, Guangxi, China. Br J Cancer 1994; 69: 508–514.

10 Amundson SA, Myers TG, Fornace AJ Jr. Roles for p53 in growth arrest and apoptosis:
putting on the brakes after genotoxic stress. Oncogene 1998; 17: 3287–3299.

11 Lane D, Levine A. p53 research: the past thirty years and the next thirty years. Cold
Spring Harb Perspect Biol 2010; 2: a000893.

12 Meek DW. Tumour suppression by p53: a role for the DNA damage response? Nat
Rev Cancer 2009; 9: 714–723.

13 Olivier M, Hollstein M, Hainaut P. TP53 mutations in human cancers: origins,
consequences, and clinical use. Cold Spring Harb Perspect Biol 2010; 2: a001008.

14 Muller PA, Vousden KH. p53 mutations in cancer. Nat Cell Biol 2013; 15: 2–8.
15 Hanel W, Moll UM. Links between mutant p53 and genomic instability. J Cell

Biochem 2012; 113: 433–439.
16 Pietsch EC, Humbey O, Murphy ME. Polymorphisms in the p53 pathway.

Oncogene 2006; 25: 1602–1611.
17 Harris N, Brill E, Shohat O, Prokocimer M, Wolf D, Arai N et al. Molecular basis for

heterogeneity of the human p53 protein. Mol Cell Biol 1986; 6: 4650–4656.
18 Dumont P, Leu JI, Della Pietra AC III, George DL, Murphy M. The codon 72 poly-

morphic variants of p53 have markedly different apoptotic potential. Nat Genet
2003; 33: 357–365.

19 Pim D, Banks L. p53 polymorphic variants at codon 72 exert different effects on
cell cycle progression. Int J Cancer 2004; 108: 196–199.

20 Proestling K, Hebar A, Pruckner N, Marton E, Vinatzer U, Schreiber M. The
Pro allele of the p53 codon 72 polymorphism is associated with decreased
intratumoral expression of BAX and p21, and increased breast cancer risk. PLoS
ONE 2012; 7: e47325.

21 Bossy-Wetzel E, Newmeyer DD, Green DR. Mitochondrial cytochrome c release in
apoptosis occurs upstream of DEVD-specific caspase activation and indepen-
dently of mitochondrial transmembrane depolarization. EMBO J 1998; 17: 37–49.

22 Sahu SK, Mohanty S, Kumar A, Kundu CN, Verma SC, Choudhuri T. Epstein-Barr
virus nuclear antigen 3C interact with p73: Interplay between a viral oncoprotein
and cellular tumor suppressor. Virology 2014; 448: 333–343.

Figure 3. Funnel plots of Egger’s test to detect publication bias.
Each point represents a separate study. The OR was plotted on a
logarithmic scale against the precision of each study.

p53 codon72 polymorphism is associated with NPC
SK Sahu et al

7

Oncogenesis (2016), 1 – 8



23 Yung WC, Ng MH, Sham JS, Choy DT. p53 codon 72 polymorphism in
nasopharyngeal carcinoma. Cancer Genet Cytogenet 1997; 93: 181–182.

24 Tsai MH, Lin CD, Hsieh YY, Chang FC, Tsai FJ, Chen WC et al. Prognostic
significance of the proline form of p53 codon 72 polymorphism in
nasopharyngeal carcinoma. Laryngoscope 2002; 112: 116–119.

25 Tiwawech D, Srivatanakul P, Karaluk A, Ishida T. The p53 codon 72 polymorphism
in Thai nasopharyngeal carcinoma. Cancer Lett 2003; 198: 69–75.

26 Sousa H, Santos AM, Catarino R, Pinto D, Vasconcelos A, Lopes C et al. Linkage
of TP53 codon 72 pro/pro genotype as predictive factor for nasopharyngeal
carcinoma development. Eur J Cancer Prev 2006; 15: 362–366.

27 Hadhri-Guiga B, Toumi N, Khabir A, Sellami-Boudawara T, Ghorbel A, Daoud J et al.
Proline homozygosity in codon 72 of TP53 is a factor of susceptibility to
nasopharyngeal carcinoma in Tunisia. Cancer Genet Cytogenet 2007; 178: 89–93.

28 Li L, Wu J, Sima X, Bai P, Deng W, Deng X et al. Interactions of miR-34b/c and
TP-53 polymorphisms on the risk of nasopharyngeal carcinoma. Tumour Biol 2013;
34: 1919–1923.

29 Xiao M, Zhang L, Zhu X, Huang J, Jiang H, Hu S et al. Genetic polymorphisms of
MDM2 and TP53 genes are associated with risk of nasopharyngeal carcinoma in a
Chinese population. BMC Cancer 2010; 10: 147.

30 Zhang X, Chen X, Zhai Y, Cui Y, Cao P, Zhang H et al. Combined effects of genetic
variants of the PTEN, AKT1, MDM2 and p53 genes on the risk of nasopharyngeal
carcinoma. PLoS ONE 2014; 9: e92135.

31 Golovleva I, Birgander R, Sjalander A, Lundgren E, Beckman L. Interferon-alpha
and p53 alleles involved in nasopharyngeal carcinoma. Carcinogenesis 1997; 18:
645–647.

32 Birgander R, Sjalander A, Zhou Z, Fan C, Beckman L, Beckman G. p53 poly-
morphisms and haplotypes in nasopharyngeal cancer. Hum Hered 1996; 46:
49–54.

33 Moher D, Liberati A, Tetzlaff J, Altman DGGroup P, Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med 2009; 6:
e1000097.

34 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics.
CA Cancer J Clin 2011; 61: 69–90.

35 Balakrishnan U. An additional younger-age peak for cancer of the nasopharynx.
Int J Cancer 1975; 15: 651–657.

36 Singh W. Nasopharyngeal carcinoma in Caucasian children. A 25-year study.
J Laryngol Otol 1987; 101: 1248–1253.

37 Hu S, Zhou G, Zhang L, Jiang H, Xiao M. The effects of functional polymorphisms
in the TGFbeta1 gene on nasopharyngeal carcinoma susceptibility. Otolaryngol
Head Neck Surg 2012; 146: 579–584.

38 Qin HD, Shugart YY, Bei JX, Pan QH, Chen L, Feng QS et al. Comprehensive
pathway-based association study of DNA repair gene variants and the risk of
nasopharyngeal carcinoma. Cancer Res 2011; 71: 3000–3008.

39 Ben Chaaben A, Busson M, Douik H, Boukouaci W, Mamoghli T, Chaouch L et al.
Association of IL-12p40 +1188 A/C polymorphism with nasopharyngeal cancer
risk and tumor extension. Tissue Antigens 2011; 78: 148–151.

40 Feng XL, Zhou W, Li H, Fang WY, Zhou YB, Yao KT et al. The DLC-1 -29A/T
polymorphism is not associated with nasopharyngeal carcinoma risk in Chinese
population. Genet Test 2008; 12: 345–349.

41 Huang X, Cao Z, Zhang Z, Yang Y, Wang J, Fang D. No association between
Vitamin D receptor gene polymorphisms and nasopharyngeal carcinoma in a
Chinese Han population. Biosci Trends 2011; 5: 99–103.

42 Lu Y, Huang GL, Pu XX, He YX, Li BB, Liu XY et al. Association between PIN1
promoter polymorphisms and risk of nasopharyngeal carcinoma. Mol Biol Rep
2013; 40: 3777–3782.

43 Xie L, Liang XN, Deng Y, Qin X, Li S. TNF-alpha-308G/A polymorphisms and
nasopharyngeal cancer risk: a meta-analysis. Eur Arch Otorhinolaryngol 2013; 270:
1667–1672.

44 Wei Y, Zhou T, Lin H, Sun M, Wang D, Li H et al. Significant associations between
GSTM1/GSTT1 polymorphisms and nasopharyngeal cancer risk. Tumour Biol 2013;
34: 887–894.

45 Li ML, Dong Y, Hao YZ, Xu N, Ning FL, Chen SS et al. Association between p53
codon 72 polymorphisms and clinical outcome of nasopharyngeal carcinoma.
Genet Mol Res 2014; 13: 10883–10890.

46 Xie X, Jin H, Hu J, Zeng Y, Zhou J, Ouyang S et al. Association between single
nucleotide polymorphisms in the p53 pathway and response to radiotherapy in
patients with nasopharyngeal carcinoma. Oncol Rep 2014; 31: 223–231.

47 Cai K, Wang Y, Zhao X, Bao X. Association between the P53 codon 72
polymorphism and nasopharyngeal cancer risk. Tumour Biol 2014; 35: 1891–1897.

48 Yang J, Li L, Yin X, Wu F, Shen J, Peng Y et al. The association between gene
polymorphisms and risk of nasopharyngeal carcinoma. Med Oncol 2015; 32: 398.

49 Katiyar S, Thelma BK, Murthy NS, Hedau S, Jain N, Gopalkrishna V et al.
Polymorphism of the p53 codon 72 Arg/Pro and the risk of HPV type
16/18-associated cervical and oral cancer in India. Mol Cell Biochem 2003; 252:
117–124.

50 Soulitzis N, Sourvinos G, Dokianakis DN, Spandidos DA. p53 codon 72
polymorphism and its association with bladder cancer. Cancer Lett 2002; 179:
175–183.

51 Fisher RA. On the interpretation of χ2 from contingency tables, and the
calculation of P. J R Stat Soc 1922; 85: 87–94.

52 Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav Res
Methods 2007; 39: 175–191.

53 Sahu SK, Choudhuri T. Lack of association between Bax promoter (-248G4A)
single nucleotide polymorphism and susceptibility towards cancer: evidence from
a meta-analysis. PLoS ONE 2013; 8: e77534.

54 Panda AK, Pattanaik SS, Tripathy R, Das BK. TLR-9 promoter polymorphisms
(T-1237C and T-1486C) are not associated with systemic lupus erythematosus:
a case control study and meta-analysis. Hum Immunol 2013; 74: 1672–1678.

Oncogenesis is an open-access journal published by Nature Publishing
Group. Thiswork is licensed under a Creative Commons Attribution 4.0

International License. The images or other third partymaterial in this article are included
in the article’s Creative Commons license, unless indicated otherwise in the credit line; if
the material is not included under the Creative Commons license, users will need to
obtain permission from the license holder to reproduce the material. To view a copy of
this license, visit http://creativecommons.org/licenses/by/4.0/

p53 codon72 polymorphism is associated with NPC
SK Sahu et al

8

Oncogenesis (2016), 1 – 8

http://creativecommons.org/licenses/by/4.0/

	Association of p53 codon72 ArggtPro polymorphism with susceptibility to nasopharyngeal carcinoma: evidence from a case&#x02013;control study and meta-�analysis
	Introduction
	Table 1 Baseline and clinical characteristics of NPC cases and healthy controls
	Table 2 Genotyping and distribution of p53 codon72 ArggtPro polymorphism in NPC cases and healthy controls of north-eastern Indian populations
	Results and discussion
	Figure 1 Flow chart showing the overall process of the study identification and selection.
	Table 3 Main characteristics of studies included in the meta-analysis
	Figure 2 Forest plots for association between p53 codon72 ArggtPro polymorphism and NPC risk.
	Table 4 Summary of overall and stratified meta-analysis results
	A3
	A4
	ACKNOWLEDGEMENTS
	REFERENCES
	Figure 3 Funnel plots of Egger&#x02019;s test to detect publication bias.




