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Analysis of TP53 Gene Mutations in the Korean Patients with Lung Cancer
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Background: Lung cancer is one of the leading causes of cancer-related deaths throughout the world. The gene tumor protein 53 (TP53) is fre-
quently mutated in cases of lung cancer. This study was performed to investigate the frequencies and types of mutations in the TP53 gene in Kore-

an patients with lung cancer.

Methods: We obtained tissue samples from 80 lung cancer patients and synthesized TP53 cDNA by using RNA isolated from these tissues by per-
forming reverse transcriptase polymerase chain reaction. Hybridization and denaturing high-performance liquid chromatography were performed
to identify the TP53 gene mutations, and then, the mutations were validated by direct sequencing.

Results: Forty mutations out of the 80 patients (50.0%) were noted in the TP53 gene. The frequencies of TP53 gene mutation for different cancer
types, namely, squamous cell carcinoma, adenocarcinoma, and small cell carcinoma were 61.1%, 27.3%, and 26.7 %, respectively. The mutation
frequencies in the different regions of the gene were 10.0% for exon 4, 35.0% for exon 5, 12.5% for exon 6, 22.5% for exon 7, 17.5% for exon 8,
and 2.5% for exon 9.The frequently mutated positions were codon 179 in exon 5, codons 202 and 220 in exon 6, and codons 266 and 273 in exon 8.
Conclusions: Exon 5 was the most frequently mutated region in the TP53 gene. Compared to the patients with the other types of cancers, patients
with squamous cell carcinoma showed a higher frequency of TP53 mutation. Codon 179 was the most frequently mutated codon in the TP53 gene.
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1. A7 M=

B 70 A 5= 2004004 20079714 Gty Y 557
W& BlEsto] Hj¢ho 2 shlE 80 o 28 E 7]3A] WA S
Alegsto] e BHEAE e ® stk WHO &5l we
HoFE 80dj|0] 228k 8-3S WA ZeE(squamous cell car-
cinoma)©] 549|(67.5%), AA|3E(small cell carcinoma)©] 159
(18.8%), A%=(adenocarcinoma)©] 1194(13.7%) % EFE Ak A
A aEAe FPmael AALYS S Kok 24t 23k
HF2 Trizol (Invitrogen, Carlsbad, CA, USA) 1 mLo] ©7 Q&=
FRpHg AJpo] R WA 00100 Lol
£ 70.8317.68419.21 o7} 13%(16.3%)0]9.01 Hfriol=

Table 1. Characteristics of the lung cancer patients

Variables Sqce Smcee Adeno Total
Sample size (%) 54 (67.5) 15(18.8) 1(13.7) 80

Age (mean £+ SD years) 71.86+7.41 68.83+ 10.86 69.20+9.50 70.88 + 8.48
Sex (%)

Male 50 (92.6) 11(733) 6 (54.5) 67 (83.7)
Female 4(7.4) 4(26.7) 5455  13(163)
Pathologic stage

Stage | 5 Limited 4 1 -
Stage Il 3 - -
Stage Ill 27 Extensive 11 -
Stage IV 19 - 10 -

Abbreviations: Sqcc, squamous cell carcinoma; Smee, small cell carcinoma; Adeno,
adenocarcinoma.
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Table 2. Primer sequences used for detecting mutations in exons 4 to
9 of the TP53 gene

Primers Sequence of primer Size of PCR products

Exon 4-5 Forward tgeegteccaageaatggatgatt

Exon 4-5 Reverse gatgctgaggaggggecagaccat 477 bp
Exon 6-9 Forward tagcgatggtetggececteetca

Exon 6-9 Reverse ggectcattcageteteggaacat 490 bp

Abbreviation: bp, base pairs.

94°Coll A 30, G3CONA 30%, 72ColA 182 208 3557
HES-AIA exon 4-5 DNAE SEAZ 0, 2|F2 02 72T A 5
E7F At SEa 4 AN =3Ik Exon -9 Al
Aol AFL2EF 60TCA AT FFHA AT F=
AHE-O] QXLE A3}0] ethidium bromideZ} 4191 1.5% S A0)A]
H71%9%< 3+ 3 UV transilluminator2 ZZ% DNA =7|2 &

HooOoOL-

ALY FEAES VG FS Sl HYg A7)
O] ZE AHE-E FISH & WA AAISHYE A WA AT
ol = RHA| FEZANE 7 plofl gRAA] SE2AHE 7 plE £
3L, 5 WA Aol = tiR A SFAHE 7 plk Yoltk =
2L RAAF QoA AXat o, 7F Al 2 A4AE
ZH)slct 23 AAE SEaAAEhS w70 F5ho]
95C 4% A 3, 95TCol|A] g F7]of] 1.6TH Weirhe 18 9§
T 42737)5 AAEte] ke A vh-S dhasisich

5) TP53 RTIXIQ| SH0| E4

TP53 - 74ALe] E¢ldo] HML denaturing high performance
liquid chromatography (DHPLC)2] &5 ©]-83F WAVE DNA
Fragment Analysis system (Transgenomic Inc, Omaha, NA, USA)
O 2 ZAJSFIT. TransgenomicsARo A Alg-sh= Holofd Hix
=4S F45to] DHPLC ]9 we|=ils 2Rl th, A7) oL
k2ol A &FAJH heteroduplex2} homoduplexE 09 mL/min=
05 pL F=¢Jsto] E¢olE HEsHltt SdHo|7 ¥ A
+ SolgentsAkSolgent, TZ, gF=ho] 2J&3}e] ABI prism DNA
analyzer (Applied Biosystems, Foster, USA)E- ©|-8-5F oFi}aF 24
H7IME 24 S S5l H714 B2 kS Eelskgit)

6) XAIzEM

EHo] 2 Hltofl gk Apw o] -0/ 72 f1el SPSS ver.
12.0 for Windows (IBM, Somers, NY, USA) A~ Z EQo]E o]-&3}
3L, 7ol O14F BARAIRS BALAE olgate] 710l
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Sck(Fig. 1.
% 80919 HF2A] - 409](50.0%)9] TP53 314} &
B om o] F exon 4-52} exon 6-99f|4] EAHOIE HIl ¢
217} 189)1(45.0%)2} 2294](55.0%)0 | ATk

3. GI7IME BMS S5t HI MG Hat 2HE
DHPLC %ﬁoﬂﬁ ERolE Hel 7&7‘41% HE A7 24

DHPLC E-AJo]l A=
EHol7F TkEo]
45 ﬁ#“ Aol Xﬂﬂ?ﬂ‘i“iﬁk

Exono]| 23k E¢1WHo] Bl exon 49)A4] 494|(10.0%), exon 5]
A1 14901(35.0%), exon 6ollA] 5(12.5%), exon 7ellA] 9e(22.5%),
exon 8of|A] 79]1(175%), exon 90|A] 11(25%)2] &A1& H3C
o, 19]0]| 4] exon 67} 80| A EgH EAMC]E HITH(Table 3).

2252 0 2 BRslH HBA|ELE 549 5 33¢0(61.19%)°01 4]
EHOIE Helom, A 159 F 4926 7%004 EAH
o5 Bl om, MOFE 110 - 300|273%)001 4] EAHO|E Hef
%‘Aﬂiub‘)ﬂ*i SAEYE 9 AR Hsl fosH =2 =
T5 BYlrh HEFAZRE 100l 4= T 329] exonollA]

il

H 9= exon 5 (codon 179)9]]
A 49, exon 6 (codon 202, 220 .L} 8 (codon 266, 273)°f| 4] Z+
7} 204 9] F A7} TEE|R E}- AHOIE HQl 409 F 329
(80.0%)001 4] 12 ZHHO|E Hom Y| F¢Ho|7} 3¢(75%)
ofl Al L] QITE ESF 490(10.09%)001 4] H719] Agzo] TRE|G O
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a. wild type b. mutant type

a. wild type b. mutant type

Fig. 1. Denaturing high-performance liquid chromatography (DHPLC) analysis of exons 4-5 and 6-9.

Chromatograms obtained by performing DHPLC for exons 4-5 (A) and 6-9 (B) of wild type (a) and mutated (b) TP53 gene. The chromatograms for
both the regions of the wild type gene were similar to those for the corresponding regions of the controls, while those for both the regions of the
mutant genes were different from those for the corresponding regions of the controls.

Table 3. TP53 mutation frequencies for the different types of lung carcinomas

Cancer types Total

Number of mutations (%)

Mutation number (%)

Exon 4 Exon 5 Exon 6 Exon 7 Exon 8 Exon 9
Squamous cell carcinoma 54 33*(61.1) - 11 (33.3) 5(15.2) 9(27.3) 7(21.2) 1(3.0
Small cell carcinoma 15 4(26.7) 2 (50.0) 2 (50.0) - - - -
Adenocarcinoma 11 3(27.3) 2 (66.7) 1(33.3) - - - -
P value 0.025 - - - - - -
Total 30 40 (500) 4(10.0) 14 (35.0) 5(12.5) 9(22.5) 7(17.5) 1(25)

*One patient had a compound mutation at exon 6 and 8.

1, 19]125%)°1 A H719] A elo] BEE K (Table 4).

’_é"
ore] Wbyl chgh $Ahgt ol dle] E1E ofe) 7P53
S e e A7k AR, 753§ A ARl
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Table 4. Types of TP53 mutations in Korean patients with lung cancer

Case No. Sex Age Cancer stage Exon Type of mutation Change in protein Effect Type of cancer
1 M 69 % 4 ¢.169G>C p.D57H* Missense Adeno
2 M 59 extensive 4 €.208G>C p.A70P* Missense Smee
3 M 72 \Y 4 €.222_225del4 unknown FS Adeno
4 F 69 limited 4 ¢.338T>G p.F113C Missense Smee
5 M 66 % 5 c404G>A p.C135Y Missense Sqce
6 M 63 1A 5 c406C>T p.Q136X Nonsense Sqce
7 M 79 % 5 c413C>T p.A138V Missense Sqee
8 M 79 | 5 c434T>C p.L145P* Missense Sqce
9 F 54 % 5 c446C>T p.S149F Missense Adeno
10 M 72 | 5 c463A>C p.-T155P Missense Sqcee
1 M 70 vV 5 c475G>C p.A159P Missense Sqee
12 F 74 1B 5 c482C>G pA161G* Missense Sqee
13 M 67 % 5 c493C>T p.Q165X Nonsense Sqce
14 M 59 extensive 5 ¢.532_533ins1 unknown FS Smcee
15 M 65 A 5 ¢536A>G pH179R Missense Sqee
16 M 65 A 5 ¢.536A>G pH179R Missense Sqee
17 M 69 vV 5 c536A>G pH179R Missense Sqcee
18 M 67 limited 5 c.536A>G pH179R Missense Smee
19 M 65 1B 6 ¢.596G>C p.G199A* Missense Sqee
20 M 83 1B 6 c.605G>A p.R202H* Missense Sqce
21 M 78 1B 6 €.658T>C p-Y220H Missense Sqce
22 M 80 1B 6 ¢.658T>C p-Y220H Missense Sqee
23 M 70 % 7 c.707A>G p.Y236C Missense Sqcee
24 M 72 vV 7 €.708_709del2 unknown FS Sqee
25 M 76 [1113) 7 ¢7136>C p.C238S Missense Sqcee
26 M 75 1B 7 €.722C>T p.S241F Missense Sqcee
27 M 62 | 7 €.729_742del4 unknown FS Sqee
28 M 79 A 7 c.734G>T p.G245V Missense Sqce
29 M 74 1113} 7 c.743G>A p.R248Q Missense Sqce
30 M 78 % 7 ¢.755T>C p.L252P Missense Sqee
31 M 70 1IIB 7 €.780_803del24 unknown FS Sqee
32 M 79 A 8 c797G>A p.G266E Missense Sqcee
33 M 60 [1113) 8 ¢.817_818CG>TC p.R273S Missense Sqcee
34 M 81 \Y 8 ¢.817_818CG>TC p.R273S Missense Sqee
35 M 76 1A 8 €.824G>A p.C275Y Missense Sqce
36 M 79 % 8 ¢.839G>C p.R280T Missense Sqce
37 M 72 IIA 8 c841G>A p.D281N Missense Sqce
38 M 59 A 9 c958A>T p-K320X Nonsense Sqee
39 F 83 [1113) 6 c.605G>A p.R202H Missense Sqcee
8 c797G>A p.G266E Missense

*Novel mutation.

Abbreviations: Adeno, adenocarcinoma; Smec, small cell carcinoma; Sqec, squamous cell carcinoma; FS, frameshift; M, male; F, female; ¢, codon; p, protein.

Eod 01/} o]oﬂ tl}-st /\/\ﬂ:ﬁ L}_J,} Aﬂ%]—.:.oﬂk]
ofjAut EAHO|E HAh el tS = g o] Aol
A= AEollA] exon 504 EAHO] 17 A 0 2 =9Fe

1, codon 334, 342, 349 °l|A19] EHO|= Aol At THke]

Utk Ba7F QISITHI3) 2 AtollAl= exon 100]] Hgh Ht=

O] F0]2]2] ¢Fo} codon 334, 342, 349904 9] S o] = HAE|R]

AUATE FFo] 22T Fiol whel EAo|9] Re7 ohE

exon 42} exon 5
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A 490(10.0%), exon 59141 1494|(35.0%), exon 691141 5¢1(12.5%),
exon 7914 991(22.5%), exon 8|4 74|(17.5%), exon 9o]|A] 19|
(25%)2] Z¢IHo]E e om 199] A4 exon 67} exon 8 = 0]
A B3 EHHO|E Ho exon SoA] ATjE o= lﬂS Nz =
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Table 5. Comparison of our results with those of previous studies on
lung cancer

Ourstudy Lee'sstudy  Data from Data from
(%%) (@0)[17]  Japan (%) [20] IARC (%) [21]
Sample size (no.) 80 176 151 1,931
Cancer type (no.)
Squamous cell carcinoma 54 59 38 -
Small cell carcinoma 15 0 0 -
Adenocarcinoma il 17 13 -
Mutation Frequency (no)  50.0 369 450 374
Exon3 NT 1.6 NT 0.1
Exon4 10.0 9.7 6.1 26
Exon5 350 210 26.2 343
Exon6 12.5 21.0 139 12.3
Exon7 225 6.5 23.1 260
Exon8 175 225 24.6 23.1
Exon9 25 3.2 NT 0.8
Exon10 NT 14.5 6.1 0.8
Hot spot codons (%) 179 (10.0) 193 (4.3) 273 (10.7) 273 (5.7)
202 (5.0) 285 (4.3) 245(9.2) 248 (5.5)
220 (5.0) 334 (4.3) 158 (6.1) 249 (5.0)
266 (5.0) 154 (2.9) 138 (3.1) 158 (3.5)
273 (5.0) 214 (2.9) 248 (3.1) 157 (3.3)
273 (2.9) 274 (3.1)
320(29) 282 (3.1)

Abbreviation: NT, not tested.
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