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Abstract
AIM: To investigate p53  mutations in esophageal can-
cer in a high-risk population, and correlate them with 
smoking, alcohol consumption and betel chewing. 

METHODS: One hundred and sixty-five tumor samples 
of esophageal squamous cell carcinoma (ESCC) ob-
tained from a university hospital in Songkhla province, 
Southern Thailand were investigated for p53  mutations 
in exons 5-8, using polymerase chain reaction-single 
strand conformation polymorphism analysis, followed 
by direct sequencing. A polymerase chain reaction-
restriction fragment length polymorphism (RFLP) assay 
was additionally used to confirm possible germline mu-
tation in intron 6. A history of risk habits was obtained 
by interviews. The association between risk habits and 
mutation frequency was evaluated using the χ2 test. 

RESULTS: The studied specimens were from 139 male 

and 26 female patients with ESCC, treated at Songkla-
nagarind Hospital. Most of the patients were smokers 
(86.7%) and alcohol consumers (72.73%), and 38.3% 
were betel chewers. Forty-three mutations of the p53 
gene were detected in 25.5% (42/165) of tumor sam-
ples. Mutations were most commonly found in exon 5 
(25.6%) and exon 8 (25.6%). Mutations in the hot-spot 
codon 248 were found in four cases (9.3% of all muta-
tions). G:C→C:G (30.23%), G:C→A:T (27.90%) and G:C 
→T:A (16.28%) were the prevalent spectra of muta-
tions. Unexpectedly, among 10 intronic mutations, eight 
cases harbored a similar mutation: G→C substitution 
in intron 6 (nucleotide 12759, GenBank NC_000017). 
These were additionally confirmed by the RFLP tech-
nique. Similar mutations were also detected in their 
matched blood samples using RFLP and direct sequenc-
ing, which suggested germline mutations. There was 
no significant correlation between risk habits and p53 
mutation frequency. 

CONCLUSION: A proportion of Thai ESCC patients 
harbored specific intronic p53 mutations, which might 
be germline mutations. Further studies are needed to 
explore this novel finding. 

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Esophageal cancer is the eighth most common cancer 
worldwide, and there were 462 000 new cases in 2002[1]. 
It is a disease of  high mortality, and ranks as the sixth 
most common cause of  cancer death. There is a marked 
variation in incidence in different regions of  the world; 
a 20-fold difference is observed between high-risk China 
and low-risk Western Africa. Other areas of  moderately 
high risk are Southern and Eastern Africa, South-Central 
Asia, and Japan[1]. It seems that environmental carcino-
gens are responsible for these geographic differences 
and the different histological types. Tobacco and alco-
hol use are the main risk factors in Europe and North 
America[2,3], and other factors including betel chewing, 
hot beverages, fermented food, nutritional deficiencies 
or familial predisposition can be responsible for high 
rates in other high- or moderate-risk regions[4-7]. 

The incidence of  esophageal cancer in Thailand is 
relatively low when one considers the country-wide esti-
mates, with an age-standardized incidence rate (ASR) of  
4.7 per 100 000 males in 1999[8]. However, the incidence is 
exceptionally high in Songkhla province in Southern Thai-
land, with an ASR of  8.1 per 100 000 males, which is close 
to worldwide incidence. In this region, oral cancer is event 
more prevalent, with the highest incidence (ASR 9.4 per 
100 000 males) compared to other regions of  the country. 
Most esophageal cancer cases in Thailand are squamous 
cell carcinomas. In our previous case-control study, alco-
hol consumption, cigarette smoking and betel quid chew-
ing were found to be strong risk factors for esophageal 
squamous cell carcinoma (ESCC)[9]. 

The p53 tumor suppressor gene is an important gene 
in cell cycle regulation and apoptosis. Mutations in the 
p53 gene have been implicated as crucial events in the 
development of  various cancers, including ESCC[10], and 
they have been identified as a vulnerable target for criti-
cal DNA damage. Analysis of p53 mutations in various 
human cancers has denoted a characteristic mutational 
pattern that is related to specific endogenous as well as 
exogenous carcinogen-related agents; a finding that has 
given rise to the term “mutagen fingerprints” in DNA[11]. 

p53 mutations in ESCC from Thailand have been re-
ported by two groups in 1997 and 2000[12,13]. However, the 
numbers of  cases were small and the relationship between 
mutations and risk habits were not explicitly evaluated. 
Here, we analyzed the p53 mutation profile of  a larger 
sample set (165 cases) of  ESCC using single-strand con-
formation polymorphism (SSCP) analysis and direct se-
quencing. In addition, the relationship between mutation 
frequency and risk habits, namely alcohol consumption, 
cigarette smoking and betel quid chewing, was examined. 

MATERIALS AND METHODS
Patients and samples
Patients who were diagnosed with ESCC and treated at 
Songklanagarind Hospital during 1999-2005 were consid-
ered as candidates for the study. The study was approved 

by the Ethics Committee of  the Faculty of  Medicine, 

Prince of  Songkla University, and informed consent was 
obtained from the patients. Data concerning detailed 
histories of  tobacco use, alcohol consumption and betel 
chewing were obtained via face-to-face interviews using 
structured questionnaires. Only cases with available fresh-
frozen tissue samples were included. Tissue samples were 
obtained from biopsy or surgical resection specimens, 
snapped frozen and stored at -80℃ until DNA extraction. 
All of  the cases were primary tumors that had not been 
treated with radiation or chemotherapy. 

Polymerase chain reaction-SSCP analysis
DNA was extracted from frozen tissues by standard 
methods. The tissue was digested overnight at 37℃ in ly-
sis buffer that contained 10% SDS, 10 mmol/L Tris, pH 
8.0, 10 mmol/L NaCl, 10 mmol/L EDTA and 20 μL  
10 mg/mL proteinase K. DNA extraction was per-
formed using the phenol-chloroform method and it was 
precipitated by 1/10 volume of  4.0 mol/L NaCl and 
two volumes of  cold absolute ethanol. 

Exons 5-8 of  the p53 gene were polymerase chain 
reaction (PCR)-amplified from tumor DNA, and mu-
tations were detected by SSCP analysis. Samples that 
showed band shift were subjected to direct sequenc-
ing. Four sets of  primer used were as follows: exon 5: 
TCTTCCTACAGTACTCCCCT sense, AGCTGCTCAC-
CATCGCTATC antisense; exon 6: GATTGCTCTTAG-
GTCTGGCC sense, GCAAACCAGACCTCAGGCGG 
antisense; exon 7: TTATCTCCTAGGTTGGCTCT 
sense, GCTCCTGACCTGGAGTCTTC antisense; exon 
8: TCCTGAGTAGTGGTAATCTA sense, GCTTGCT-
TACCTCGCTTAGT antisense.

PCR reactions were performed in a 50-μL volume reac-
tion mixture that contained 0.5 μg genomic DNA, 10 pmol  
each primer, 100 mmol/L Tris, pH 8.3, 500 mmol/L  
KCl, 1.5 mmol/L MgCl2, 200 μmol/L dNTPs, and 1.25 U  
AmpliTag Gold (Perkin-Elmer, Foster City, CA, USA). 
Amplification was carried out in a Perkin-Elmer 480 DNA 
Thermal Cycler. The PCR conditions were 95℃ for 10 min,  
followed by 35 cycles of  94℃ denaturation for 1 min, 
58℃ annealing for 1 min, and 72℃ extension for 1 min. 
The final extension was conducted at 72℃ for 10 min. 

For SSCP analysis, 2 μL PCR product was mixed with 
5 μL 95% deionized solution that contained 0.1% bromo-
phenol blue. The mixture was heat-denatured at 100℃ for 
5 min and rapidly placed on ice. Four microliters of  each 
denatured product of  exons 5 and 8 were loaded on to the 
12% polyacrylamide gel (10 cm × 8 cm × 0.75 cm) with 
5.26% crosslinking (19:1 acrylamide/bisacrylamide), sup-
plemented with 5% glycerol. For exons 6 and 7, a ratio of  
49:1 acrylamide/bisacrylamide (2.04% crosslinking) was 
used. Electrophoresis was performed in an ice box (12℃) 
at 2 W and constant 10 mA for 5 h for exons 5 and 8 and 
1 h for exons 6 and 7. Positive controls, which consisted 
of  samples that had been confirmed by direct sequencing 
to contain the p53 mutation, were run with each SSCP gel 
that was stained with silver nitrate. All positive cases were 
confirmed at least once by a separated PCR reaction and 
SSCP run. 
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DNA sequencing
The PCR products that showed band shift on the SSCP 
gel were purified using QIAquick PCR Purification Kit 
(Qiagen, Hilden, Germany) and then directly sequenced 
using the Ready Reaction Dye Terminator Cycle Sequenc-
ing kit (Perkin-Elmer). The primers used in sequencing 
were the same as those used in the PCR. Sequencing was 
performed on an automated sequencer (ABI-Prism 310, 
Applied Biosystems, Foster City, CA, USA). All muta-
tions were confirmed by sequencing both DNA strands. 

For intron 6 mutation at nucleotide 12759, other 
primers, not overlapped to the mutation point, were used 
(forward 5'-GCCTCTGATTCCTCACTGAT-3'; reverse 
5'-TAAGCAGCAGGAGAAAGCCCC-3'). This experi-
ment was also performed on four available matched blood 
samples and the sequencing was performed on an auto-
mated sequencer (ABI-Prism 3130).

PCR-restriction fragment length polymorphism analysis 
to detect intronic G→C at nucleotide 12759
As a significant number of  cases showed G→C substitu-
tion in intron 6 at the 18th base after the end of  exon 6 
(corresponding to nucleotide 12759 based on GenBank 
NC_000017), we additionally confirmed this mutation 
through restriction fragment length polymorphism (RFLP) 
analysis. This analysis was also performed on matched 
blood samples of  these cases to investigate whether they 
were germline mutations. 

The 181-bp PCR product was amplified using prim-
ers, forward 5'-GCCTCTGATTCCTCACTGAT-3'; and 
reverse 5'-TTAACCCCTCCTCCCAGAGA-3'. The PCR 
was performed with 100 ng genomic DNA that con-
tained 20 mmol/L Tris-HCl (pH 8.4), 50 mmol/L KCl, 
2.0 mmol/L MgCl2, 37.5 μmol/L each nucleotide, and 
1.25 U Taq polymerase. The cycling conditions were 95℃ 
for 5 min, followed by 35 cycles of  95℃ denaturation 
for 1 min, 60℃ annealing for 1 min, and 72℃ extension 
for 1 min, with a final extension of  72℃ for 10 min. A 
10-μL aliquot of  each successful reaction was digested 
with 10 U BsaHI restriction enzyme (New England Bio-
labs, Beverly, MA, USA) in 2.5 μL 10 × NEB4 buffer 
with 12.5 μL water at 37℃ for 2 h. The BsaHI-digested 
fragments were separated on 10% polyacrylamide gel. A 
complete digestion (denoted mutation) gave 158-bp and 
23-bp DNA fragments. 

RESULTS
Patients and clinical data
The study included 165 tumor samples from 139 male 
and 26 female patients with ESCC diagnosed during 
1999-2005. The mean age of  patients was 63.4 years 
with a range of  37-91 years (Table 1). Most patients were 
habitual current smokers (86.7%) and drinkers (72.73%), 
with most of  them (71.5%) reporting both habits. Habit-
ual betel chewing was reported in 17 out of  26 females 
(65.4%) and in 45 out of  136 males (33.1%).

Mutation frequency and patterns
A total of  43 mutations were found in 42 tumors of  the 
165 samples (25.45%). The representative SSCP gels and 
sequencing chromatograms are shown in Figure 1.

Twenty-five mutations were missense mutations; one 
was nonsense, four were frameshift deletions, three were 
stop codons, and 10 were single base substitutions in 
the intron region. Mutations in coding sequences were 
most commonly found in exon 5 (25.58%) and exon 8 
(25.58%) (Table 2). Among the 10 intronic mutations 
found, eight were intron 6 mutations.

Of  the five major mutation hot spots of  the p53 gene 
(codon 175, 245, 248, 273 and 282), mutations at codon 
248 were observed in four cases (accounting for 9.3% of  
all mutations), whereas mutations at other codons were 
not found. 

The types of  mutations are shown in Table 2. The 
most common type was G:C→C:G (30.23%), followed 
by G:C→A:T (27.90%) and G:C→T:A (16.28%). Sur-
prisingly, eight out of  10 intronic mutations were found 
at the same location, that is, a G→C substitution at the 

Table 1  Summary of patient characteristics

Variable Category No. of subjects Frequency (%)

Sex Male 139 84.2
Female   26 15.8

Age (yr) Mean, range 63.4 (37-91)
Smoking Never   19 11.6

Habitual 143 86.7
Occasional     3   1.8

Drinking Never   33 20.0
Habitual 120 72.7
Occasional   12   7.3

Betel chewing Never   78 48.1
Habitual   62 38.3
Occasional   22 13.6

Table 2  Location and type of mutations

Location n  (%)

Exon 5 11 (25.58)
Exon 6 1 (2.33)
Exon 7   9 (20.93)
Exon 8 11 (25.58)
Intron 5 1 (2.33)
Intron 6   8 (18.60)
Intron 8 1 (2.33)
Exon-intron 6 1 (2.33)
Type of mutations
   Transitions
      G:C -> A:T   8 (18.60)
      G:C -> A:T at CpG 4 (9.30)
      A:T -> G:C 2 (4.65)
   Transversions
      G:C -> C:G 13 (30.23)
      G:C -> T:A   7 (16.28)
      A:T -> T:A 4 (9.30)
   Tandem
      GT -> TA 1 (2.33)
   Deletion 4 (9.30)
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18th base after the last codon of  exon 6 (nucleotide 
12759, GenBank NC_000017). The details of  the muta-
tions of  all the cases are shown in Table 3.

Intronic G→C substitution at nucleotide 12759
As a result of  the high frequency of  intron 6 G→C substi-
tution at 12759 (eight cases), we confirmed these mutations 
by the RFLP method and the results were similar. We fur-
ther investigated whether these were germline mutations 
by examining their matched blood samples through RFLP 
and direct sequencing. Seven blood samples were available 
for RFLP and the results denoted a mutation in all of  the 
cases, which suggested germline mutations (Figure 2). The 
DNA of  only four blood samples was available for further 
direct sequencing and the mutations were confirmed in 
three out of  four samples examined (Figure 2).

We also evaluated functional changes in the p53 
proteins of  these cases using an immunohistochemistry 
method (p53 antibody DO-7 clone; DakoCytomation, 
Carpinteria, CA, USA). Only five cases had adequate tis-
sue for evaluation and the results showed diffuse strong 
expression in four cases and negative expression in one. 

Mutations in relation to clinical factors and exposure
The frequency of  mutations in relation to clinicopatho-
logical variables is shown in Table 4. Patients younger 
than 60 years had a significantly higher frequency of  
p53 mutations than older patients (38.7% vs 17.5%, P = 
0.002). The mutation frequency was equal in both sexes. 
In relation to lifestyle habits, the frequency of  mutations 
was slightly higher in non-smokers (36.4%) than smok-
ers (23.8%), and in non-drinkers (33.3%) than drinkers 
(22.5%). The mutation frequency among betel and non-
betel chewers was equal (24.2% and 25.0%). However, 

there were no statistically significant differences in muta-
tion frequency between exposed and non-exposed pa-
tients to all of  the three habits.

DISCUSSION
The present study is the third on p53 mutations in Thai 
ESCC patients. All of  the samples in these three stud-
ies were from the same hospital, a university hospital 
in Songkhla province, Southern Thailand. These stud-
ies were conducted at different times, and the present 
study confirmed the findings of  the previous studies and 
found an additional unique mutation profile. 

The present study demonstrated a 25.45% (42/165) 
frequency of  p53 mutations. This frequency is relatively 
low compared to those of  previous studies; however, 
wide variations in p53 mutation frequencies, ranging from 
17% to 80%, have been reported. These variations might 
be related to several factors including the sensitivity of  
technique used in the detection of  the mutations, the 
length of  the examined regions, and the number of  cases. 
However, the most notable factor responsible for the fre-
quency variation could be the difference in mutagens in 
different populations. A high frequency of  p53 mutation 
(> 50%) is usually reported in countries with a high inci-
dence of  ESCC, such as China and France[14,15], whereas 
lower frequency of  mutation is found in low- or moder-
ate-incidence countries[16-18]. Thailand is a moderate-risk 

5040
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Figure 1  Single-strand conformation polymorphism analysis and direct 
sequencing of p53. A: Single-strand conformation polymorphism of p53, exons 
5-8 in representative positive cases (+), which showed anomalous bands com-
pared to normal bands in negative cases (-); B: Sequencing chromatograms that 
represent case E355 (left), which shows TGC-> TTC mutation at codon 176 (arrow) 
and case E106 (right), which shows CGG-> CAG at codon 248 (arrow). 
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Figure 2  Restriction fragment length polymorphism analysis and direct se-
quencing to detect intron 6 mutation. A: Detection of the G to C substitution at 
base 18 after the end of exon 6 by polymerase chain reaction-restriction fragment 
length polymorphism using BsaHI restriction enzymes. Lane 5 is the size marker. 
Lanes 1, 3, 6, 8 are uncut 181 bp products of blood (b) and tumor (t) samples 
of E189 and E199, respectively. Lanes 2, 4, 7, 9 are cut products of the corre-
sponding samples, which show 181 bp and 158 bp fragments, which indicate the 
presence of a mutation. The 23-bp fragment was not detected in this gel; B-D: 
Sequencing chromatograms of the corresponding site. Normal sample (B); tumor 
(C) and blood (D) samples show G to C substitution. 
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area for ESCC; therefore, the frequency can be expected 
to be relatively low.

Nevertheless, the two previous studies from Thailand 
have demonstrated higher frequency of  p53 mutations 
compared to the present study[12,13]. The first study by 
Suwiwat et al [12] has reported 10 mutations in eight out 
of  16 (50%) cases. The second study by Tanière et al [13] 
has reported 25 mutations in 23 out of  56 cases (41%). 
The lower frequency might represent underestimated 
data, whereas the higher frequency might represent over-
estimated data. The low frequency of  mutations in the 
present study might have been due to various factors, 
among which was the fact that we used tumor samples 
that could have contained both tumor and non-tumor 
cells, in contrast to the microdissected tumor cells used 
in the study of  Tanière et al[13]. With regard to the screen-

ing method used, both SSCP and denaturing gradient gel 
electrophoresis (Tanière study) have been reported to 
have comparable sensitivity[19]. However, the small num-
ber of  cases examined could result in over-figured data 
due to sampling bias. 

The present study demonstrated heterogeneous mu-
tation types, which predominantly involved the G:C base 
pair. This is similar to previous Thai reports except for 
a relatively higher proportion of  G:G to C:G transver-
sion (30% vs 23%) and a lower proportion of  G:C to 
A:T transition at CpG (9.3% vs 17.14%). The patterns 
of  predominant G:A to A:T transition and G:C to T:A 
transversion have also been reported in high-risk areas 
such as China[14,20] and moderate-risk countries such as 
Japan and India[18,21]. This is different, however, from 
the high-risk area of  Western Europe where a relatively 

Thongsuksai P et al . p53  mutations in ESCC 

Table 3  p53 mutations in esophageal squamous cell carcinoma patients from Songkhla, Southern Thailand

Case ID Age (yr)/sex Exon Codon Nucleotide change AA change Exposure

Smoke Alcohol Betel

E111 60/M 5 130-131 3 bp deletion Frameshift Yes Yes Yes
E303 73/M 5 134-137 10 bp deletion Frameshift - - -
E006 63/M 5 156 CGC -> CCC Arg -> Pro Yes Yes No
E271 57/M 5 158 CGC -> CTC Arg -> Leu Yes Yes No
E072 58/F 5 159 GCC -> CCC Ala -> Pro Yes Yes Yes
E200 60/F 5 161 GCC -> ACC Ala -> Thr Yes Yes Yes
E397 56/M 5 167 CAG -> CGG Gln -> Arg Yes Yes No
E379 66/M 5 168 CAC -> CTC His -> Leu Yes Yes No
E355 61/M 5 176 TGC -> TTC Cys -> Phe Yes No Yes
E014 77/M 5 176 TGC -> TAC Cys -> Tyr No Yes Yes
E022 46/M 5 184 GAT -> AAT Asp -> Asn Yes Yes Yes
E464 68/M 6 190 CCT -> CTT Pro -> Leu Yes Yes No
E259 60/M 7 228-232 21 bp deletion Frameshift Yes Yes No
E320 72/M 7 234 TAC -> TGC Tyr -> Cys No Yes Yes
E264 52/M 7 238 TGT -> TAT Cys -> Tyr Yes Yes No
E446 58/M 7 245 GGC -> CGC Gly -> Arg Yes Yes No
E106 56/M 7 248 CGG -> CAG (CpG site) Arg -> Gln Yes Yes No
E298 79/F 7 248 CGG -> TGG (CpG site) Arg -> Trp Yes No Yes
E294 52/M 7 248 CGG -> TGG (CpG site) Arg -> Trp Yes Yes No
E419 54/M 7 248 CGG -> TGG (CpG site) Arg -> Trp Yes Yes No
E022 53/M 7 249 AGG -> ATG Arg -> Met Yes Yes No
E012 74/M 8 266 GGA -> TGA Gly -> Ter (end) Yes Yes No
E231 54/M 8 272 GTG -> TAG Val -> Ter (end) Yes Yes Yes
E455 46/M 8 272 GTG -> ATG Val -> Met No Yes Yes
E449 47/M 8 278 CCT -> TCT Pro -> Ser No Yes Yes
E002 53/M 8 279 GGG -> GAG Gly -> Glu Yes Yes -
E027 54/M 8 280 AGA -> AGT Arg -> Ser Yes Yes No
E444 79/M 8 283 CGC -> CCC Arg -> Pro No Yes No
E387 74/F 8 286 GAA -> CAA Glu -> Gln Yes Yes No
E146 62/M 8 287 GAG -> TAG Glu -> Ter (end) Yes Yes No
E181 58/F 8 287 GAG -> TAG Glu -> Ter (end) No No No
E408 58/F 8 296 CAC -> CTC His -> Leu No No No
E462 74/M Exon-intron 6 21 bp deletion Affect splice site Yes Yes No
E023 51/F Intron 5 TGAGC -> TCTGC - No No Yes
E158 61/M Intron 6 GGGG -> GGCG - Yes Yes Occ
E169 53/M Intron 6 GGGG -> GGCG - Yes Yes No
E189 60/M Intron 6 GGGG -> GGCG - Yes Yes Yes
E199 48/M Intron 6 GGGG -> GGCG - Yes Yes Yes
E240 61/M Intron 6 GGGG -> GGCG - Yes Yes -
E302 41/M Intron 6 GGGG -> GGCG - Yes Yes Occ
E329 63/M Intron 6 GGGG -> GGCG - Yes Yes Yes
E435 45/M Intron 6 GGGG -> GGCG - Yes Yes No
E409 56/M Intron 8 ACGAG -> ACTAG - Yes Yes Yes

Occ: Occasional.
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higher proportion of  mutations at the A:T base pair has 
been reported[22].

The G:C to A:T transition accounted for 28% of  all 
mutations in the present study. One-third of  these (4/12 
mutations) were G:C to A:T transition at the CpG site, 
and all were found at the hot spot codon 248. A G:C to A:
T transition at the CpG site was thought to have resulted 
from spontaneous deamination of  5-methylcytosine to 
form thymine[23], which preferentially occurred at codons 
175, 245, 248, 273 and 282 in the p53 gene. The previous 
Thai studies have reported transition at the CpG site of  
codon 175 (one case), 273 (one case) and 248 (three cas-
es)[12,13]. These findings suggest that codon 248 is the most 
common hot spot codon in Thai ESCC cases. 

In reference to the G:C to A:T transition at a non-
CpG site, laboratory studies have found that it is the most 
common mutation caused by alkylating agents, consis-
tent with O6-methylguanine mispairing with thymine[24]. 
Mutagenic alkylating N-nitrosamines in tobacco smoke 
might be responsible for this mutation. In China and In-
dia, dietary N-nitrosamines might also contribute to this 
mutation type[20,25]. Our previous study has demonstrated 
that betel chewing also is a strong risk factor for ESCC in 
Thailand[9]. Nitroso derivatives from areca alkaloids have 
been proven to be oncogenic in animal models[26]. They 
have been found probably to account for the predomi-
nant G:A to A:T transition in betel-chewing-related oral 
cancers[27]. Most of  the patients in the current study had a 
history of  drinking and smoking, as well as betel chewing, 
therefore, smoking and betel chewing might both contrib-
ute to the G:C to A:T transition in Thai ESCC patients. 
However, it is difficult to identify a specific type of  muta-
tion with a specific risk factor because the mutation pat-
terns are considerably heterogeneous and most patients 
have multiple risk habits.  

In the present study, we unexpectedly found a high 
frequency of  G to C substitution at the 18th base after the 
end of  exon 6 (nucleotide 12759, GenBank NC_000017). 

We additionally found that these were germline mutations 
because similar mutations were also found in their blood 
samples. We validated these results by a second method, 
the RFLP. 

From the total of  26597 somatic mutation records in 
the IARC TP53 database, version R14[28], intronic muta-
tions have been found in 699 records, which represents 
2.63% of  the total mutations. G to C substitution at 
nucleotide 12759, similar to the present study, has been 
found in three cases; two were gastric lymphomas from 
Hong-Kong[29] and one was small-cell lung carcinoma 
from Russia[30]. There was a case of  ESCC reported to 
have intron 6 G to C at nucleotide 12758. Surprisingly, 
this was a case from the study of  Tanière et al[13], which 
was the previous study from our hospital. Looking at the 
details of  the mutation in this published article, we found 
it to be GGGG→GGCG (case 9, Table II)[13], which rep-
resents a change at the 18th base after the end of  exon 6 
or nucleotide 12759, based on the GenBank NC_000017 
reference sequence, rather than at nucleotide 12758. Sur-
prisingly, in this case, a similar mutation was also found in 
the adjacent uninvolved tissue and gastric mucosa, which 
suggests a germline mutation. These findings suggest that 
intronic G to C substitution at nucleotide 12759, which 
might be a germline mutation, is prevalent in Thai ESCC. 
It should be noted that the cases included in the Tanière 
study would not have been included in the present study 
because the periods of  sample collection did not overlap 
(1990-1998 vs 1999-2005). 

The role of  intronic base changes on the function of  
genes has been questioned. However, some studies have 
demonstrated alterations in introns or splice donors that 
affect the expression or function of  the p53 gene[31,32]. In 
particular, Lehman et al[32] have demonstrated functional 
change of  the immortalized lymphoblastoid cell lines de-
rived from familial breast cancer patients who had germ-
line G to C substitution in intron 6 at nucleotide 13964 (or 
nucleotide 13274 based on the GenBank NC_000017). In 
addition, immunohistochemical analysis of  breast tumors 
from these patients also has revealed high levels of  mutant 
p53 protein, which suggests a functional mutation. Our 
results were consistent with this study, which confirms 
that cases with suspected germline G to C substitution at 
12759 have a high level of  p53 expression. All this evi-
dence indicates that germline intronic G to C substitution 
at 12759 is prevalent and associated with inherited risk 
of  ESCC in Songkhla, Thailand. In a recent IARC TP53 
database, version R14[28], this intronic base change has 
not been reported as any polymorphic sequence variation 
(polymorphism) or germline mutation. However, as this 
mutation was not investigated in healthy controls in the 
current study, any conclusion on the role of  this mutation 
is still limited. Further studies to detect this mutation in 
healthy controls as well as in familial members of  affected 
patients should be performed. 

It is believed that p53 mutations result from specific 
carcinogens[11]. In some cancers, such as those of  the 
lung or urinary bladder, the link between risk factors, in 
particular smoking, and p53 mutation frequency and/or 

Table 4  Mutation frequency in relation to clinical factors and 
exposure  n  (%)

Variables Mutant p53 Wild-type p53 P value

Sex
   Male 36 (25.9) 103 (74.1)
   Female   6 (23.1)   20 (76.9) 0.762
Age (yr)
   ≤ 60 24 (38.7)   38 (61.3)
   > 60 18 (17.5)   85 (82.5) 0.002
Family history
   Yes   6 (37.5)   10 (62.5)
   No 33 (23.7) 106 (76.3) 0.230
Smoking
   Yes 34 (23.8) 109 (76.2)
   No/occasional   8 (36.4)   14 (63.6) 0.207
Drinking
   Yes 27 (22.5)   93 (77.5)
   No/occasional 15 (33.3)   30 (66.7) 0.155
Betel chewing
   Yes 15 (24.2)   47 (75.8)
   No/occasional 25 (25.0)   75 (75.0) 0.908
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pattern have been consistently demonstrated[30,33]. How-
ever, such data on esophageal carcinoma are limited and 
inconsistent[20,34]. Consistent with some of  these reports, 
the present study did not find any association between p53 
mutation frequency and smoking, alcohol consumption or 
betel chewing. Various reasons could account for the lack 
of  association. ESCC might be associated with many risk 
factors. This hypothesis is supported by studies from India 
that have found a significant correlation of  p53 mutation 
frequency in ESCC with diets rich in nitrosamines[25,35]. In 
addition, risk of  cancer development might be different 
among exposed individuals due to genetic polymorphism 
of  carcinogen-metabolizing enzymes, which determine 
individual capacity to detoxify carcinogens. This could 
modify the relationship between the exposure and gene 
mutation. Finally, the sample size in the current study 
could have been too small to detect any significant asso-
ciation between exposure and p53 gene mutation.

In conclusion, our results have demonstrated that 
the Thai population, which is in a moderate-risk area for 
ESCC, has p53 mutational spectra that are likely related to 
specific endogenous and exogenous carcinogens. Howev-
er, a statistically significant relation between the mutation 
frequency among exposure groups was not demonstrated. 
We unexpectedly found a high frequency of  G to C mu-
tation at intron 6, which might be germline mutations. 
Further studies are needed to explore the questions arising 
from the results observed. 
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COMMENTS
Background
Cancer of the esophagus is prevalent in some regions of the world including 
Thailand. It is a dreadful disease that patients may die shortly after diagnosis. 
Environmental factors as well as familial predisposition have been shown to be 
associated with the development of this cancer, possibly via an alteration of the 
p53 tumor-suppressor gene. 
Research frontiers
Mutations in the p53 gene have been implicated to be critical events in the 
development of various cancers. Significant association between specific expo-
sures and the p53 mutations has been evident in some cancers, but the data in 
esophageal squamous cell carcinoma are limited.
Innovations and breakthroughs
The mutation profiles identified are consistent with most previous reports. The 
mutation types, G:C to C:G (30.2%), G:C to A:T (27.9%) and G:C to T:A (16.3%) 
were prevalent and likely to be associated with combination of exposures. Ex-
ceptionally, a unusually high frequency (8 from 42 cases) of intron 6 mutation (G 
to C substitution) at nucleotide 12759 was found and they were proofed to be 
germline mutations.
Applications
The results indicated that a proportion of esophageal cancer in this region is 
heritable. Further study is to be conducted to identify this specific germline 
mutation in healthy population and in familial members of the patients. The in-
formation would be valuable for designing diagnosis and preventive intervention 
in high-risk population. 
Terminology
An intron is a region within a gene that is not translated into protein. It is tran-
scribed to pre-mRNA and subsequently removed by a process called splicing. A 

germline mutation is a heritable variation in the lineage of germ cells. Mutations 
in these cells are transmitted to offspring while those in somatic cells are not. 
Germline mutations play a key role in genetic diseases and also in certain types 
of cancer. 
Peer review
The authors found intronic p53 mutation in esophageal squamous cell carci-
noma in Southern Thailand, which was considered as a germline mutation. This 
is a novel finding and interesting.
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