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Investigation of p53 Tumor Suppressor
Gene Mutations in Patients with a Lung

Mass Using Sequence Analysis

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  The p53 tu mo ur sup pres sor ge ne plays an im por tant ro le in the re gu la ti on of
cell pro li fe ra ti on. It is lo ca ted on the short arm of the 17th chro mo so me. It has 11 exons and en co -
des for a tu mor sup pres sor pro te in cal led p53 which is 53kD in we ight and 393 ami no acids in length.
This pro te in, a trans crip ti on fac tor, is an im por tant re gu la tor of cell cycle. Up to da te, a num ber of
mu ta ti ons (75 % of which are fo und bet we en co don 26 and 332) ha ve be en de tec ted on p53 ge ne. Re-
cent re se arc hes sho wed that lung ne op lasm re sul ting from the mu ta ti ons of p53 ge ne va ri ed bet we -
en 33% (ade no car ci no ma) and 70% (small cell lung can cer), and it is re por ted that the hot spots were
ma inly fo und at the co dons 175, 248, and 273. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: In this study, the exons, exon-
in tron junc ti ons, and so me in tron re gi ons, which are lo ca ted bet we en exon 4-9 of p53 ge ne, of 24 pa-
ti ents who had a sur gi cal ope ra ti on du e to a lung mass we re exa mi ned by au to ma tic DNA se qu en cing
in Uni ver sity of Le ip zig. RRee  ssuullttss:: 53 mis sen se and 7 fra mes hift mu ta ti ons we re de tec ted bet we en 4th

and 9th exons (Co dons 36-318) of 18 samp les among the 24 samp les. Fifty five of the se mu ta ti ons we -
re he te rozy go us, and five of them were ho mozy go us. Si mi larly, 12 mis sen se mu ta ti ons de tec ted as a
re sult of the se ri al analy ses of the re gi on bet we en in trons 4-9, and seven of them we re he te rozy go -
us and 5 we re ho mozy go us. CCoonncc  lluu  ssii  oonn::  So me re se arch re gar ding p53 ge ne re por ted that co don 175,
248, and 273 were hot spots and mu ta ti ons were fre qu ent in the se co dons. Ho we ver we ha ve not se -
en any mu ta ti ons in any of the se co dons in our study. Nuc le o ti de chan ges at the po si ti ons 13432 (5’
be gin ning) and 13999 (3’ en ding) of 6th in tron, which are very im por tant re gi ons, may re sult in the
for ma ti on of an ab nor mal pro te in. We sup po se that ot her nuc le o ti de chan ges are not very im por tant
du e to the ir he te rozy go us na tu re and lo ca ti on. 

KKeeyy  WWoorrddss::  Lung ne op lasms; ge nes, p53; se qu en ce analy sis, DNA 

ÖÖZZEETT  AAmmaaçç:: p53 tü mör bas kı la yı cı ge ni hüc re ço ğal ma sı nın dü zen len me sin de önem li rol oy nar. 17.
kro mo zo mun kı sa ko lun da yer leş miş tir. 11 ek so nu var dır ve 53 kD ağır lı ğın da ve 393 ami noasit
uzun lu ğun da olan p53 şek lin de isim len di ri len bir tü mör bas kı la yı cı ge ni şif re ler. Bir trans krip si yon
fak tö rü olan bu pro te in hüc re dön gü sü nün önem li bir dü zen le yi ci si dir. Bu gü ne ka dar p53 ge nin de
(%75’i ko don 26 ve 332 ara sın da olan) bir ta kım mu tas yon lar sap tan mış tır. Son za man lar da ya pı lan
araş tır ma lar gös ter miş tir ki p53 ge nin de ki mu tas yon lar dan kay nak la nan ak ci ğer kit le le ri %33 (ade -
no kar si nom) ile %70 (kü çük hüc re li ak ci ğer kan se ri) ara sın da de ği şir ve so run lu böl ge le rin baş lı ca
ko don 175, 248 ve 273’de ol du ğu bil di ril miş tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Bu ça lış ma da ak ci ğer de kit le
ta nı sıy la cer ra hi gi ri şim uy gu la nan 24 has ta nın p53 ge ni nin 4-9. ek son la rı na lo ka li ze ek son lar, ek -
son-in tron bi leş ke le ri ve ba zı in tron böl ge le ri Le ip zig Üni ver si te si’n de oto ma tik DNA se kan sı ile de -
ğer len di ril di. BBuull  gguu  llaarr::  Yir mi dört ör ne ğin 18’inin 4. ve 9. ek son la rı ara sın da (ko don 36-318) 53
yan lış an lam mu tas yo nu ve 7 çer çe ve kay ma sı mu tas yo nu sap tan dı. Bu mu tas yon la rın 55’inin he -
te ro zi got, 5’inin ho mo zi got ol du ğu bu lun du. Ben zer şekil de, 4-9. in tron lar ara sın da ki böl ge nin se -
ri in ce le me le ri so nu cun da sap ta nan 12 an lam kay ma sı mu tas yo nun dan 7’si he te ro zi got, 5’i
ho mo zi got tu. p53 ge ni ile il gi li ba zı araş tır ma lar da ko don 175, 248 ve 273’ün so run lu böl ge ler ol -
du ğu ve bu ko don lar da mu tas yon la rın sık gö rül dü ğü bil di ril miş tir. Fa kat biz ça lış ma mız da bu ko -
don la rın hiç bi rin de mu tas yo na rast la ma dık. SSoo  nnuuçç::  Çok önem li böl ge ler olan al tın cı in tro nun 13432
(5’ baş lan gıç) ve 13999. (3’ bi tiş) po zis yon la rın da nük le o tid de ği şik lik le ri anor mal bir pro te i nin or -
ta ya çık ma sıy la so nuç la na bi lir. He te ro zi got ol ma la rı ve yer le şim le ri ne de niy le di ğer nük le o tid de -
ği şik lik le ri nin çok önem li ol ma dı ğı nı dü şü nü yo ruz.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Akciğer tümörleri; genler, p53; dizi analizi, DNA  
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t is reported that more than 80% of the cancer
cases in the USA are primarily resulted from
environmental factors.1 Most of the cancer

deaths are due to lung neoplasm in the USA. Fur-
thermore lung neoplasm is the most prevalent can-
cer type all over the world.2 According to the
Ministry of Health Data, lung neoplasm is the
leading cause of cancer deaths among male in
Turkey.3

Tobacco is the most effective factor in the for-
mation of lung tumours in addition to industrial
pollution.2,4 For this reason, it is reported that lung
neoplasm cases are frequently seen among indus-
trial workers and groups of people who smoke a lot.
The fact that cigarette and industrial wastes are cer-
tainly cancerous is shown by the animal studies and
in vitro studies.5,6

It is reported that one of the reasons for dif-
ferent malignant tumour formation in humans is
the mutations at p53 tumour suppressor gene.7-11

p53 tumour suppressor gene has 11 exons and spans
approximately 20.000 bp length on the short arm
of 17th chromosome. It produces a nuclear protein,
which functions as a cell cycle regulator and as a
transcription factor.12-14

Mutations at p53 tumour suppressor gene
cause a production of an inactive protein which can
not function and at the end lead to neoplasias such
as leukaemia, lymphoma, sarcoma, and many tis-
sue tumours mainly seen in lungs, breast, and in-
testines (most of the human cancers). p53 tumour
suppressor protein translated from this gene regu-
lates the transition from G1 to S phase during cell
cycle. Under normal conditions, it is found that
cells contain low level of p53 protein. However,
when the cell is radiated by UV which induces
DNA damage, then p53 is activated and its produc-
tion is increased. p53 stimulates the production of
another gene, p21, which is an inhibitory  protein
for Cdk (Cyclin dependent kinase). Then p21 pro-
tein recruits Cyclin/Cdk complex leading to the cell
cycle arrest. In particular, p21 binds to proliferating
cell nuclear antigen, which is a subunit of DNA
polymerase d. Thus, p21 plays a dual role in cell
cycle arrest induced by DNA damage.15-21

Up to date, more than 500 mutations have
been reported in p53 gene as a result of studies on
approximately 10.000 tumour tissue samples and it
was reported that lung cancer is in the second
prevalent cancer type after colon cancer.22 It is also
reported that, more than 90% of the mutations seen
on p53 gene were between exons 4-9 where the
functional domains that are necessary for the ac-
tivity of the p53 protein reside.8,23

While frameshift mutations or gene deletions
in p53 gene are effective on the gene more than
90%, missense mutations result in the accumula-
tion of mutant p53 in the tumour cell. Further-
more, these mutations are related to the loss of
second allele of the gene.24-26

It is reported that (according to the analysis of
mutations on p53 gene), 42% of the mutations were
formed due to transversion of GC to AT, and 63%
of this is affected from the CpG nucleotides.27 For
instance, codons 175, 248 and 273 are known as hot
spot codons.28-30 As these codons contain CG bases,
it is stated that Cytosine, 5-methyl cytosine by con-
necting methyl group, is transformed into Thymine
in the further phase.31-33

In this study, our aim is to perform a serial
analysis on exons 4-9 of p53 gene at the molecular
level by sampling cancerous tissue from patients
with lung mass diagnosis who were diagnosed as
cancer and were undergone a surgery at the Uni-
versity of Çukurova, Faculty of Medicine, Thoracic
and Cardiovascular Surgery Department.

MATERIAL AND METHODS

TISSUE SAMPLES

Informed consent was obtained from each patient
(The study was approved by the Çukurova Univer-
sity Ethics Committee on March 4, 2003, Assem-
bly number: 3). Cancerous lung tissue samples from
24 patients, who were diagnosed by lung mass and
operated surgically at University of Çukurova, Fac-
ulty of Medicine, Thoracic and Cardiovascular Sur-
gery Department, were used. The samples were put
into 70% ethanol and stored at -20°C. DNA isola-
tions from the tissue samples were performed ac-
cording to the modified method of Sambrook et
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al.34 DNA pellet was dissolved in 200 µl Tris-EDTA
and stored at 4oC.

POLYMERASE CHAIN REACTION (PCR) AMPLIFICATION

Primers used separately amplify exons 4 to 9 of p53
gene and synthesized using a Applied Biosystem
UK (Warrington) (Table 1).

PCR amplifications of the exons were carried
out according to reaction mixture conditions given
in Table 2. Cycle conditions of the reaction mix were
carried out with a thermal cycle (Ependorf Master-
cycler Personal) using the thermal profile given
below; initial denaturation at 94oC for 5 minutes, an-
nealing (at 57oC for exons 8 and 9, 58oC for exons 5
and 6, and 60oC for exons 4 and 7) for 30 seconds,
and primer extension at 72oC for 1 minute during 30
cycles, and final extension at 72oC for 5 minutes.

DNA SEQUENCING

All PCR products were purified with Qiagen pu-
rification kit and sequenced by Applied Biosystem
model 377 automated sequencer (PE Biosystems,
Foster City, CA, USA) using 2 µl of the products.
The sequencing results were controlled in compar-
ison with reference serials obtained from p53 data
bank (GI:35213) employing “align two sequences”
software at http://blast.ncbi.nlm.nih.gov/Blast.cgi.

RESULTS
The list of the mutations, which are determined as
a result of sequence analysis, was given in Table 3
and 4. Missense mutations were found between
codons 36 and 123 of exon 4 (Table 3). Fourteen

mutations were found between codons 134-149 of
exon 5, of these mutations 11 were heterozygote
missense and 3 were homozygote frameshift muta-
tions (Codon 145 CTG →-TG, C →del) (Table 3,
Figure 1). Four mutations were found between
codons 187-218 of exon 6, 3 of them were het-
erozygote missense and one of them was a ho-
mozygote frameshift mutation (Codon 189 GCC →
-CC, G → del) (Table 3). Five mutations were
found between codons 225-252 of exon 7, 4 of
these mutations were heterozygote missense and
one of them was a heterozygote frameshift muta-
tion (Codon 245 GCC → AGGC, A→ ins) (Table 3,
Figure 1). Nine mutations were found between
codons 261-262 of exon 8, 7 of these mutations
were heterozygote missense, and 2 of them were
heterozygote frameshift mutations (Codon 262
GGT → GG-, T →del) (Table 3). For exon 9, only
one heterozygote missense mutation was found in
codon 318 (Table 3, Figure 2).
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Primers Sequence

Exon 4 5-3’F ACC TGG TCC TCT GAC TGC TC

Exon 4 5-3’R AAT CAA ACC TTG AAA CCC TA

Exon 5 + 6 5-3’F CCG TGT TCC AGT TGC TTT AT

Exon 5 + 6 5-3’R AAT TGG GGA GGA GGG TCT

Exon 7 5-3’F TGC TTG CCA CAG GTC TCC

Exon 7 5-3’R TGG AGA GAT GTG TAA AGG CC

Exon 8 + 9 5-3’F TTCCTTACTGCCTCTTGCTT

Exon 8 + 9 5-3’R CACTCAAAATGCCGTTTTCT

TABLE 1: Forward (F) and reverse (R) primers for 
polymerase chain reaction amplification of exons 

4 to 9 of p53 gene.

Reaction components (stock) Exon 4 Exon 5 + 6 Exon 7 Exon 8+9

Water (bi-distilled) 38.5 µl 38.5 µl 37.5 µl 37.5 µl

MgCl2  (25 mM) 3 µl 3 µl 4 µl 4 µl

PCR buffer (10X) 5 µl 5 µl 5 µl 5 µl

dNTP mix (25 mM) 0.4 µl 0.4 µl 0.4 µl 0.4 µl

Forward primer (20 pmol/µl) 1 µl 1 µl 1 µl 1 µl

Reverse primer (20 pmol/µl) 1 µl 1 µl 1 µl 1 µl

Genomic DNA (500 ng /µl) 1 µl 1 µl 1 µl 1 µl

Taq polymerase (5U/µl) 0.25 µl 0.25 µl 0.25 µl 0.25 µl

Total volume 50 µl 50 µl 50 µl 50 µl

PCR product (bp) 402 bp 363 bp 301 bp 411 bp

TABLE 2: Polymerase chain reaction conditions for exon 4-9 amplification and PCR products.
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Exon Codon Codon change Base change Amino acid change No of sample Mutation type Genetic status

4 36 CCG→GTT CCG→GTT Pro→Val 1 Missense Heterozygous

37 TCC→TGC C>G Ser→Cys 2 Missense Heterozygous

41 GAT→CAT G>C Asn→His 2 Missense Heterozygous

50 ATT→CTT A>C Ile→Leu 1 Missense Heterozygous

54 TTC→CTT T>C, C>T Phe→Leu 2 Missense Heterozygous

54 TTC→CTC T>C Phe→Leu 3 Missense Heterozygous

69 GAG→GAT G>T Glu→Asp 1 Missense Heterozygous

74 GCC→GTC C>T Ala→Val 2 Missense Heterozygous

81 ACA→TCA A>T Thr→Ser 3 Missense Heterozygous

81 ACA→TCT A>T, A>T Thr→Ser 2 Missense Heterozygous

81 ACA→ACT A>T Thr→Thr 1 Silent Heterozygous

90 TCC→TAC C>A Ser→Tyr 2 Missense Heterozygous

110 CGT→CGA T>A Arg→Arg 2 Silent Heterozygous

120 AAG→AAT G>T Lys→Asn 1 Missense Heterozygous

121 TCT→ACT T>A Ser→Thr 1 Missense Heterozygous

122 GTG→GTA G>A Val→Val 1 Silent Heterozygous

123 ACT→TCT A>T Thr→Ser 2 Missense Heterozygous

5 134 TTT→ATC T>A, T>C Phe→Ile 1 Missense Heterozygous

134 TTT→ATT T>A Phe→Ile 1 Missense Heterozygous

134 TTT→TTC T>C Phe→Phe 1 Silent Heterozygous

136 CAA→CAT A>T Gln→His 1 Missense Heterozygous

140 ACC→TCC A>T Thr→Ser 1 Missense Heterozygous

144 CAG→CTG A>T Gly→Leu 2 Missense Heterozygous

145 CTG→-TG C>del 3 Frameshift Homozygous

147 GTT→GGT T>G Val→Gly 2 Missense Heterozygous

148 GAT→GTT A>T Asp→Val 1 Missense Heterozygous

149 TCC→TTT CC>TT Ser→Phe 1 Missense Heterozygous

6 187 GGT→GAGT A>ins,T>del Gly→Glu 1 Missense Heterozygous

189 GCC→-CC G>del 1 Frameshift Homozygous

217 GTG→GGG T>G Val→Gly 1 Missense Heterozygous

218 GTG→GGG T>G Val→Gly 1 Missense Heterozygous

7 225 GTT→GCT T>C Val→Ala 2 Missense Heterozygous

237 ATG→ATT G>T Met→Ile 1 Missense Heterozygous

245 GGC→AGGC A>ins 1 Frameshift Heterozygous

252 CTC→TTC C>T Leu→Phe 1 Missense Heterozygous

8 261 AGT→AGA T>A Ser→Arg 1 Missense Heterozygous

262 GGT→GG- T>del 2 Frameshift Heterozygous

266 GGA→AGA G>A Gly→Arg 1 Missense Heterozygous

267 CGG→CGT G>T Arg→Arg 1 Silent Heterozygous

268 AAC→TAC A>T Asp→Tyr 1 Missense Heterozygous

282 CGG→CGT G>T Arg→Arg 1 Silent Heterozygous

282 CGG→CCT G>C Arg→Arg 1 Silent Heterozygous

288 AAT→TAT A>T Asn→Tyr 1 Missense Heterozygous

9 318 CCA→CCG A>G Pro→Pro 1 Silent Heterozygous

TABLE 3: Mutation types at exon 4-9.



In this study, intron regions (intron 4-8)
were also analysed in terms of mutations. It was
found that there were totally 12 nucleotide
changes in various parts of 4th and 7th intron. Al-
though, 7 of the changes were found as het-
erozygote and 5 of them were found as
homozygote form. It was found that nucleotide
changes at the positions 13432th and 13999 were
the beginning and ending points of the 6th intron.
It was found that the other nucleotide changes
detected were located at the inner parts of the in-
tron (Table 4).

DISCUSSION
Many study shown 75 % of p53 mutations occurs in
single missense mutations (parallel with ours study
results). The majority of p53 mutations in cancer
are missens mutations occurring throughout the
central domain of the coding region exon 5-9.

A missence point mutation in one of the two
p53 alleles in a cell can abrogate almost all p53 ac-
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FI GU RE 1: He te rozy go us mis sen se mu ta ti on at exon 5 co don 144 (CAG→ CTG), Ho mozy go us fra mes hift mu ta ti on at co don 145 (CTG→-TG, C→del) and exon
7 co don 244-245 (GGCAGGC) A→ins.

FI GU RE 2: He te rozy go us mis sen se mu ta ti on; at exon 4 co don 74: GCC→
GTC, exon 8 co don 267: CGG→CGT and exon 9 co don 318: CCA→CCG.



tivity, because virtually all the oligomers will con-
tain at least one defective subunits and such
oligomers can not function as transcriptions fac-
tors. Oncogenic p53 mutations act dominantly in
negative allele carries for the point mutation.36

Due to the fact that, the mutations found in
the exon 4 were heterozygote missense mutations;
we suppose that they are not the primary effect on
the formation of the tumour. However, they are
significant, because it is reported that this region is
very important part (DNA binding part) of p53 pro-
tein, therefore, allele loss is effective in the forma-
tion of a tumour.24-26,35 Thus, we believe that it is of
great importance as it is reported that mutations
occurred in this region are effective in the loss of
p53 function.1-6 In some patients homozygous
frameshift mutation occured because of Cytosine
deletion (CTG→-TG, C→del) in the 145th position
of codon site leading to a stop codon at position
157. The reason is that this mutation results in
frameshift, and thus, the p53 protein to be formed
will be rather different. Although, mutation rate in
codon 144 was reported to be higher in the previ-
ous studies37,38 we have found 2 mutations in het-
erozygote forms in this codon in our study.
Nevertheless, 9 mutations between codon 144-149
show that this region is exposed to mutations and
therefore it is also very important. Formation of
heterozygote missense mutation in codon 187 of
exon 6 (GGT→ GAG, T→del A→ins) may not be as
important as the homozygote frameshift mutation.

In addition the other homozygous frameshift mu-
tations occured because of Guanine deletion
(GCC→-CC, G→del) at position 189 of the codon
site which does not lead to any stop codon but dif-
ferent aminoacid sequence until the end of exon
only for one patient. Likewise, we believe that in-
sertion of Adenine between codons 244 and 245 in
exon 7 (GGC GGC→ GGC A GGC, A→ins) and
deletion of Timine in codon 262 of exon 8
(GGT→GG-, T→del) results in frameshift, though
it was in heterozygote formation, which is an im-
portant factor in the formation of the tumour. Al-
though, some researches regarding p53 gene
reported that codon 175, 248, and 273 are hot spots
and mutations are frequently seen in these
codons,28,30 we have not seen any mutations in any
of these codons in our study.

Nucleotide changes at the positions 13432 (5’
beginning) and 13999 (3’ ending) of 6th intron,
which are very important regions, may result in the
formation of an abnormal protein. We suppose that
other nucleotide changes are not very important
due to their heterozygous nature and location.
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TABLE 4: Change of nucleotides at intron 4-8.

Intron Nucleotide Nucleotide change No of sample Genetic status Importance

IVS4 Nt. 12305 t→g 1 Heterozygous

Nt. 12312 g→t 1 Heterozygous

Nt. 13053 a→c 1 Heterozygous

Nt. 13054 g→c 1 Heterozygous

IVS5 Nt. 13256 g→t 1 Homozygous

IVS6 Nt. 13432 gt→gc 1 Homozygous 5’ nucleotide change

Nt. 13989 t→a 2 Homozygous

Nt. 13999 ag→at 1 Homozygous 3’ nucleotide change

IVS7 Nt. 14141 c→a 1 Heterozygous

Nt. 14201 t→g 1 Heterozygous

Nt. 14613 t→a 1 Heterozygous



Turkiye Klinikleri J Med Sci 2010;30(5) 1453

Molecular Biology and Genetics Lüleyap et al

1. Doll R, Pe to R. The ca u ses of can cer: qu an ti -
ta ti ve es ti ma tes of avo i dab le risks of can cer in
the Uni ted Sta tes to day. J Natl Can cer Inst
1981;66(6):1191-308.

2. De nis sen ko MF, Pa o A, Tang M, Pfe i fer GP.
Pre fe ren ti al for ma ti on of ben zo[a]pyre ne ad -
ducts at lung can cer mu ta ti o nal hots pots in
P53. Sci en ce 1996;274(5286):430-2.

3. Tun cer I, Bur gut R, Boz de mir N, Co şar EF.
Tür ki ye’ de Kan ser Sık lı ğı. 1. Bas kı. Ada na:
Çu ku ro va Üni ver si te si Tıp Fa kül te si, TÜ Bİ -
TAK; 1994. 

4. Hecht SS, Car mel la SG, Murphy SE, Fo i les
PG, Chung FL. Car ci no gen bi o mar kers re la -
ted to smo king and up per ae ro di ges ti ve tract
can cer. J Cell Bi oc hem Suppl 1993;17F:27-
35.

5. Mo o re L, Lu X, Gheb ra ni o us N, Tyner S, Do -
ne ho wer LA. Aging-as so ci a ted trun ca ted form
of p53 in te racts with wild-type p53 and al ters
p53 sta bi lity, lo ca li za ti on, and ac ti vity. Mech
Age ing Dev 2007;128(11-12):717-30.

6. Har ris CC. Che mi cal and physi cal car ci no ge ne -
sis: ad van ces and pers pec ti ves for the 1990s.
Can cer Res 1991;51(18 Suppl):5023s-44s.

7. Ca ron de Fro men tel C, So us si T. TP53 tu mor
sup pres sor ge ne: a mo del for in ves ti ga ting hu -
man mu ta ge ne sis. Ge nes Chro mo so mes
Can cer 1992;4(1):1-15.

8. Holl ste in M, Ri ce K, Gre enb latt MS, So us si T,
Fuchs R, Sørli e T, et al. Da ta ba se of p53 ge -
ne so ma tic mu ta ti ons in hu man tu mors and
cell li nes. Nuc le ic Acids Res 1994;22(17):
3551-5.

9. He Q, Hu ang B, Zha o J, Zhang Y, Zhang S,
Mi a o J. Knock down of in teg rin be ta4-in du ced
au top ha gic cell de ath as so ci a ted with P53 in
A549 lung ade no car ci no ma cells. FEBS J
2008;275(22):5725-32.

10. Cor ti no vis DL, An dri a ni F, Li vi o A, Fab bri A,
Per ro ne F, Mar co mi ni B, et al. FHIT and p53
sta tus and res pon se to pla ti num-ba sed tre at -
ment in ad van ced non-small cell lung can cer.
Curr Can cer Drug Tar gets 2008;8(5):
342-8.

11. Tom ko va K, Tom ka M, Za jac V. Con tri bu ti on
of p53, p63, and p73 to the de ve lop men tal di -
se a ses and can cer. Ne op las ma 2008;55(3):
177-81.

12. So us si T. The p53 tu mor sup pres sor ge ne:
from mo le cu lar bi o logy to cli ni cal in ves ti ga ti -
on. Ann N Y Acad Sci 2000;910:121-37.

13. Co u sin P, Bil lot te J, Cha u bert P, Shaw P.
Physi cal map of 17p13 and the ge nes ad ja -
cent to p53. Ge no mics 2000;63(1):60-8.

14. Mil ler C, Mo han das T, Wolf D, Pro ko ci mer M,
Rot ter V, Ko eff ler HP. Hu man p53 ge ne lo ca -
li zed to short arm of chro mo so me 17. Na tu re
1986;319(6056):783-4.

15. Hu ang C, Ta ki T, Adac hi M, Ko nis hi T, Hi gas -
hi ya ma M, Mi ya ke M. Mu ta ti ons in exon 7 and
8 of p53 as po or prog nos tic fac tors in pa ti ents
with non-small cell lung can cer. On co ge ne
1998;16(19):2469-77.

16. La ne DP. p53, gu ar di an of the ge no me. Na tu -
re 1992;358(6381):15-6.

17. La kin ND, Jack son SP. Re gu la ti on of p53 in
res pon se to DNA da ma ge. On co ge ne 1999;18
(53):7644-55.

18. Si o nov RV, Ha upt Y. The cel lu lar res pon se to
p53. The de ci si on bet we en li fe and de ath. On -
co ge ne 1999;18(45):1645-57.

19. Ta kes hi ma Y, Se ya ma T, Ben nett WP, Aki ya -
ma M, To ku o ka S, Ina i K, et al. p53 mu ta ti ons
in lung can cers from non-smo king ato mic-
bomb sur vi vors. Lan cet 1993;342(8886-8887):
1520-1.

20. Yo nish-Ro u ach E, Cho isy C, De gu in V, Bre -
ug not C, May E. The ro le of p53 as a trans -
crip ti on fac tor in the in duc ti on of apop to sis.
Beh ring Inst Mitt 1996;(97):60-71.

21. Yo nish-Ro u ach E. A qu es ti on of li fe or de ath:
the p53 tu mor sup pres sor ge ne. Pat hol Bi ol
(Pa ris) 1997;45(10):815-23.

22. Gre enb latt MS, Ben nett WP, Holl ste in M, Har-
ris CC. Mu ta ti ons in the p53 tu mor sup pres -
sor ge ne: clu es to can cer eti o logy and
mo le cu lar pat ho ge ne sis. Can cer Res
1994;54(18): 4855-78.

23. Cho Y, Go ri na S, Jef frey PD, Pav le tich NP.
Crystal struc tu re of a p53 tu mor sup pres sor-
DNA comp lex: un ders tan ding tu mo ri ge nic mu-
ta ti ons. Sci en ce 1994;265(5170):346-55.

24. Koh no H, Hros hi ma K, To yo za ki T, Fu ji sa wa
T, Oh wa da H. p53 mu ta ti on and al le lic loss of
chro mo so me 3p, 9p of pre ne op las tic le si on in
pa ti ents with nons mall cell lung car ci no ma.
Can cer 1999;85(2):341-7.

25. McMa nus DT, Yap EP, Max well P, Rus sell
SE, To ner PG, McGe e JO. p53 ex pres si on,
mu ta ti on, and al le lic de le ti on in ova ri an can-
cer. J Pat hol 1994;174(3):159-68.

26. Soz zi G, Mi oz zo M, Dong hi R, Pi lot ti S, Ca -
ri a ni CT, Pas to ri no U, et al. De le ti ons of 17p

and p53 mu ta ti ons in pre ne op las tic le si ons
of the lung. Can cer Res 1992;52(21):6079-
82.

27. Tor na let ti S, Pfe i fer GP. Comp le te and tis su -
e-in de pen dent meth yla ti on of CpG si tes in the
p53 ge ne: imp li ca ti ons for mu ta ti ons in hu man
can cers. On co ge ne 1995;10(8):1493-9.

28. Hsu IC, Met calf RA, Sun T, Welsh JA, Wang
NJ, Har ris CC. Mu ta ti o nal hots pot in the p53
ge ne in hu man he pa to cel lu lar car ci no mas.
Na tu re 1991;350(6317):427-8.

29. Ory K, Leg ros Y, Au gu in C, So us si T. Analy-
sis of the most rep re sen ta ti ve tu mo ur-de ri ved
p53 mu tants re ve als that chan ges in pro te in
con for ma ti on are not cor re la ted with loss of
tran sac ti va ti on or in hi bi ti on of cell pro li fe ra ti -
on. EM BO J 1994;13(15):3496-504.

30. Tay lor JA, Wat son MA, De ve re ux TR, Mic hels
RY, Sac co man no G, An der son M. p53 mu ta -
ti on hots pot in ra don-as so ci a ted lung can cer.
Lan cet 1994;343(8889):86-7.

31. Ehr lich M. Can cer-lin ked DNA hypo meth yla ti -
on and its re la ti ons hip to hyper meth yla ti on.
Curr Top Mic ro bi ol Im mu nol 2006;310:251-74.

32. Le vi ne AJ, Mo mand J, Fin lay CA. The p53 tu-
mo ur sup pres sor ge ne. Na tu re 1991;351
(6326):453-6.

33. Ra zin A, Riggs AD. DNA meth yla ti on and ge -
ne func ti on. Sci en ce 1980;210(4470):604-10.

34. Sam bro ok J, Fe ritsch EF, Ma ni a tis T. Mo le cu -
lar Clo ning: A La bo ra tory Ma nu al. 2. Analy sis
and Clo ning of Eu kar yo tik Ge na mic DNA.
Sec ti on: 9.14-23, 1st ed. New York: Cold
Spring Har bor La bo ra tory Press; 1989. 

35. Yin Y, Ta insky MA, Bisc hoff FZ, Strong LC,
Wahl GM. Wild-type p53 res to res cell cycle con-
trol and in hi bits ge ne amp li fi ca ti on in cells with
mu tant p53 al le les. Cell 1992;70(6):937-48.

36. Le e JI, So ri a JC, Has san K, Li u D, Tang X, El-
Nag gar A, et al.  Loss of Fhit ex pres si on is a
pre dic tor of po or out co me in ton gu e can cer.
Can cer Res 2001;61(3):837-41.

37. Mit su do mi T, Ste in berg SM, Na u MM, Car bo -
ne D, D'Ami co D, Bod ner S, et al. p53 ge ne
mu ta ti ons in non-small-cell lung can cer cell li -
nes and the ir cor re la ti on with the pre sen ce of
ras mu ta ti ons and cli ni cal fe a tu res. On co ge -
ne 1992;7(1):171-80.

38. Zho u P, Li u B, Mi a o Q, Wang H. [The re se -
arch on p53 ge ne mu ta ti on in lung can cer tis-
su e of si li co tic pa ti ents by PCR-SSCR]. Wei
Sheng Yan Ji u 1997;26(5):293-5, 298.

REFERENCES


