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Abstract

AIM: To investigate k-ras gene mutations and to
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analyze their clinical significance in Chinese pa-
tients with colorectal cancer.

METHODS: A total of 280 surgical specimens
taken from patients with colorectal cancer who
were treated at Fuzhou General Hospital of
Nanjing Military Command between January
2008 and December 2009 and had complete clini-
cal data were used in the study. Six k-ras gene
mutations at codon 12 (35G>A, 35G>T, 35G>C,
34G>A, 34G>T, 34G>C) and one at codon 13
(38G>A) were detected by real-time fluorescence
quantitative PCR (qPCR) and direct sequencing.
A comparison of results obtained by the two
methods was then performed.

RESULTS: The overall positive rate of k-ras gene
mutations obtained by direct sequencing was
33.57% (94/280), and the positive rate of muta-
tions at codon 12 [4.29% (12/280) for 35G>A,
0.36% (1/280) for 35G>T, 0.36% (1/280) for
35G>C, 2.86% (8/280) for 34G>A, 3.57% (10/280)
for 34G>T, and 0.36% (1/280) for 34G>C] was
14.64% (41/280) and 7.5% (21/280) at codon 13.
Of 94 patients who were demonstrated to have
k-ras gene mutations by direct sequencing, 91
were confirmed by qPCR [sensitivity, 96.8%
(91/94)]. Meanwhile, of 186 patients who were
demonstrated to have no k-ras gene mutation by
direct sequencing, 184 were confirmed by qPCR
[specificity, 98.9% (184/186)]. The matching rate
between the two methods was 98.2%. K-ras gene
mutations were significantly associated with sex
and age (both P < 0.05), but not with tumor site,
differentiation, depth of invasion, TNM stage,
lymph node metastasis, or distant metastasis (all
P >0.05).

CONCLUSION: A high proportion of k-ras gene
mutations (33.57%) were detected in Chinese
patients with colorectal cancer. gPCR may be an
accurate, rapid and simple method for detection
of k-ras gene mutations in patients with colorec-
tal cancer. There was no significant correlation
between k-ras gene mutations and biological
behavior of colorectal cancer, though a higher
rate of gene mutations were detected in female
patients older than 60 years.
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i
Hi: M P AL AMEE S Phrask AR
TRER LGN RIRFE AL £ &,

FiE 1k £2008-01/2009-12.4 + B A K A#
EHFTERBMNEERF R lE R
B 7 A L A R G R 6,38 40 82804, 4
R a R T EPCRA AL BN Fixts
M 25 A& Fh-ras KRS F2F F12. 13
AT ERw TR R EER, FE12%
BT 4535G>A. 35G>T. 35G>C. 34G>A.
34G>T. 34G>CR % 13% 5 F 1938G>A, F) &
o 7 A ] 28 R AT HE T AT

R (HWZABLARAN G, #IAE280614 A
W% P, k-ras I B ) TR R I 2 7 A)94451
Fa b % 33.57%(94/280), R P % 12% 4 F 4
35G>A. 35G>T. 35G>C. 34G>A. 34G>T
B 34G>CH R E Z 55| A14.64%(41/280).
4.29%(12/280). 0.36%(1/280). 2.86%
(8/280). 3.57%(10/280). 0.36%(1/280), %
13% 71 #938G>AM) K K 5 27.5%(21/280);
(2)94#lk-ras K B 5 raE(EARE R T A)R
B, ERF R FPCRIMMIIA[ R AE
96.8%(91/94)], M P341; 1864 J B M 5 1A
PE(F AR, FEaF R K E ZPCRUA 1844
[4F F1£98.9%(184/186)], FaM245]; 5% Bf 3¢
XEFPCRES ABARAN B EFEEN
98.2%[(91+184)/280]; Q)k-ras A A R E L %%
PR, AR £ (39P<0.05), Wk B g 3R4n
AR RIEERE . TNMa#. #hesds
H BAZ AL #e A% TAR KM (3P>0.05).

i () TPELAmREEE P AER RIS
Wk-rasih B E % (33.57%), {& Vs Rk BE R
& K B F 2 AR (EGFR) B R BR 3 B4 ) 70 Ao 30
EGFRE e hih e T 4 A e B H 237
¥ R HA M k-ras 2 B R TR, Ndn A 32 @)
B RETEOALRIE, QFHELEE
PCRA&M 25 R 5 K B | frAe ] 25 R & F— 3,
EBF R FPCRALBEH ., Peik, MiEay
Mo 2k AW Fk-ras R R R BAL L, TR T4
AW Fk-ras B R T agfn; Qk-rasAHl R

FE=60% 09 BARE Ph-ras B 2 T 25K 5.

XEE): GEE,; k-rasER; ERRE; BER
B % B 38 E B PCR; BN, R
513

X, Fil, RES, B—2, FBIMN, 28, BRI, £
k—rasERAEPESERREEPHRLIAT. BRENBLR
& 2011; 19(13): 1367-1374
http://www.wjgnet.com/1009-3079/19/1367 .asp

031

45 H i (colorectal cancer, CRC) /&)™ 515 # A
R i Al 5 (%) W DR e o WL IR R PR R 2 —,
R 2L IR A HE 36, 7o E 2407, H
W, SRS AT AR 2, 80Uy SR A, (RS
o REAEIZ W TR, T R AE, S
A AT 259 USE o7 20— B2 R
SEHIBES T ). 3 AR L R e T, (et
TAMRAIEIT R, B T MR a1
JY k. R4 B m R yr o, R R AEKE
A4 (epidermal growth factor receptor, EGFR)/%
S TR W 0 5 7R R HUE G F R LT[ VG % 5 F e
(cetuximab, C225, k% Erbitux). MHJEHHT
(panitumumab, 44 Vectibix)|REFF 7 bl
il B AT B A2 M k-ras P FICR CA BRI AR 4, A
BHE TSR3, 2 Ak-rashE K 548
MEPJCRCHEF I AREFR RS, M, CRCHk-ras
HE R [P S AR AR A A PLoE SR I YR 9T 2 A AU
(1 G B 1 i Bt AR FOR FH K S0 B A
N SR 986 2 EPCR(real-time fluorescence
quantitative PCR, FQ-PCR)FH 25 Xl vz
(direct sequencing)frllk-ras &AM E 7271 25
120 134l 1 b W 7R R AR AL, A
RSl 45 REAT 0 LL AT, PPN k-ras3E R SR
CRCEEMIRAR IS E KR, LU T i [
CRC A Hk-rasHe N ARG, [N CRCATHE
) VE ST RIS PR T HE 1K 2 2 (s

1 SRIASE

1.1 A f8E2008-01/2009-1278 H [H N R Aif i
T B I DA MR B T AR D) B (9 16 R 98 R 5
M CRCA LR A 28001, FARIEALZA40 g/LH
PR 2, A, 3 umEY) 4, HEATHEY
SR OSEREN 7)) 3 A iR SRR P N P N
AT . B 17041, 211081, FiE21-92(F
%156.5)% . KH20004EFWHOZ; B it TNM
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SUEE, 5. k—ras BT DB EBBERE DR 1369
IS BIRFUEREAT 025 k-ras3alH 2 R MR & ;*ﬂ%*ﬁ’ﬁ; "
N . Y == N # A7
(FQ-PCRIE), 1 [ L5025 5 o7 R AT IR 24 e f B
#]; FQ-PCR{X(ABI Step One Real-time PCR Sys- 5 B i AL A2

tem), ABI 3730l /71X (Applied Biosystems), A1
PIAHL(LEICA RM2245), HLHVE I T4 (i
SR A A F)).
1.2 7%
1.2.1 FQ-PCRix#Mk-ras i B £ % (1)1 kiHE
ADNAFZI [ FH TaK aRa 2w 1) 47 i A 4b
A F(DEXPAT)]: 326 HL 45 A CRCZH 2 A il £
HbRAS, ELEI35K10 pm S0, K B /N
B NS mL EPE R, B 2 55 /b
7226 mm X 6 mm K/ Hiff]E 5 DEXPATTMI
F, 1025 SEE MORHEPS H N N0.5 mL; 25 I
EP 3, 100 Ch#AEFE10 min; k5 SrEIE
4712 000 r/min, 4 ‘C 20010 min; M RAEIREX
IKIZ, BEG IR AT A b T DA S 2H 2k v s W%
IR K 2 BB N PCR N (R, HEATPCR
N5 (2)PCRY 8 P & B % S B 7,
FEUK b Rk 1 EUENVE A0 I AT 0. W T T
[PCRIX N AL An(n = FEARZANTCH L),
FEANPCRINARRIY J27 pL. #4427 pL/ Sy
$¢40.2 mL PCRIR N, FPCRI N #4752
FEAKCHRX . 545 1558 IPCR A o 43 Bl i
3 uLAHNDNARH, o S5 55, ARG B
SR X B S AT TN e PCREGIINAL Y, i
SEFEARSRTBON Y. fEH 46 E: 50 'C 2 min(f}
)95 ‘C 10 min(ZPE)— (95 C 15 s—~69 C
10 s—62 ‘C 1 min), 40RKAGHR; (3)IX 240 I i
ERE: AR P QLR E 8 K-ras AR HR
B 55 ) 2 5L R A P A PO BRE IR A W),
AN J2 8 HRORS I T AU R AT, S LAk
JEIEFEROX, P55 REW N62 C, RIVAAFR
430 pL.
1.2.2 FQ-PCRA&Mk-ras A B R T AR 509 45 R ¥
AT CHIL<34.0 3 Wi A 5848 BH % 34.0<Ct
L <38.0F Wi A RAT BE; CtE>38.080K
“Undet” JIWT 4y 548 ] 1 53818 TR ) & S
W BR.
1.2.3 AHEM FiEtemK-ras® % HPCRZYLE
ABI 373031l 1% (Applied Biosystems)_b5¢ il
J¥, K HIDNAStar(Lasergene) K A43:47 751 53 47
it AT R SPSS16.08HEA T A0 46
I3HT.

2 £R
2.1 HEM 5 EENCRC krash B E L LB
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FQ-PCR It At ait
aljes 91 2 93
RRE 3 184 187
Bit 94 186 280

FEDI Y, #iA7E280%ICRCHY, k-rasHE PRI P
FH A (G DR 542 1)94451], FHAE 2£33.57%(94/280),
L1241 FH35G>A. 35G>T.
35G>C. 34G>A. 34G>T }34G>CHI 54
B H14.64%(41/280). 4.29%(12/280).
0.36%(1/280). 2.86%(8/280)~ 3.57%(10/280).
0.36%(1/280), H 13451 [1138G>A 5 AL Ky
7.5%(21/280)(K1).

2.2 FQ-PCR##%MCRC k-ras B 2 % 7£280
BICRCH', FQ-PCRPHIE93 4 (3 [K 5 48 Y,
B P %33.21%(93/280); 3 o 45 12 4 i 1 1)
35G>A. 35G>T. 35G>C. 34G>A. 34G>T
J34G>CHIRAE 43 5 h13.93%(39/280)
4.29%(12/280) 0.36%(1/280). 2.86%(8/280).
3.93%(11/280). 0.36%(1/280), 4513 %wH5 -t
38G>A K 5AL % h7.5%(21/280)([K2).

2.3 FQ-PCRik 5 2L Fml 5 ik 25 Rk JLA
JEBH (52 A2 10)94451, I FQ-PCRFHEI 14 R
B 96.8%(91/94)], FHIE3MI; PRI v B4 (B
AR 18645, i FQ-PCRIEHME 18441 [ 5 1
98.9%(184/186)], BH:241; FQ-PCRiELS HE P
FAERF A 0 (91+184)/280 = 98.2%(#1). 7E 1
FpAST I 7 kb, & SR AL IR B M — B A
VBRI AP AE90% LA F, R PUANMAT S
R HIEF1100%(32), PIRR TV AR I 25 A e
JE—3.

2.4 k-ras B M 5 CRCE & 6 RmE A%
Bl % % 7E280WICRCHY, k-rasE R RH Pk
GERI AR 9441, FHE#33.57%; k-rask K5
BHRAAE =604 NP (42.4% vs 25.7%,

P<0.05), 1M HActhm T 5 1E41.8% vs 28.2%,
P<0.05). M5 MR MAL . S AGFREE . BRI E

JE. TNMZH]. kA He R SO A e M Jo AR oK
P (#41P>0.05).

3 Iie

k-rasFERENT T NFRGOAR12p12.1, Gahs—Fp A
A GTPHEE T SR L RS ek H, AT
S0 MBI, S EGFRIIAESS 5 1) Rl oy 1, £EN

BLA — E# AR
B, kb & &
EBMEX, RE
& TG W F5AF.
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WA # B 5
AR FFQ-PCR
Fo B AW ok B
At k-ras A
RE, AT
TELAHEE
# Ph-ras KB ®
TR,

GG GA

B

—

|

70

110

=

|

=

110

|

D

120

110

=

AG GAGC TG GTGGCGTAGG(8:OBG GAGC TGATGGCGTAGGC

50 60

—

CGG AGCT GTTGGCGTAGGCDGG AGCTGGTGGCGTAGGC

50 60

EGGAGCTGGTGGCGTAGGCFGGAGCTTGTGGCGTAG GC

J

GCTCGTGGCGTAGGCHG GAGCT GGTGACGTAGG
100

100|] 110

RN f
|

J

AR BB R GEEAS 5 A% bl R
AT FTAUE 5, k-rasFEFUIRA SEGFRES IR
AN 7R A BLE GFRELPLIAIT CRCIIT 2%
PIM K. CRYSTALWIAP LR, 7EK-rasiy A4
B C225+FOLFIRIBCA A AR B ELT
FOLFIRL; YT 41(59.3% vs 43.2%, P = 0.0025), ifij

BEENEEW-rasBRRE. A: 5512, 1380 T HIHGCT GGC, RIS (k—ras SLHIFATY); B: 51250 158
AE(35G>A); C: B12EI TRAEBSG>T); D: F12EH TRAEB5G>C); E: FR2EHE TRAEG4G>A); F: H12%H T3RE
(34G>T); G: E12EBHL 245 (34G>C); H: H13ZH0 2845 (38G>A).

A R R A AT AR HHFOLFIR TR YT
21 R LB 3R 3 ChristosHF 97 &AM, K-ras¥#F 4
YRR — G0 2 B S AT LR AL T RE
ARAF I AR AR A I, MK -ras AR Y i
FARIWIT R . £ e e giis 1l TFCRC=4;
ST IOTITHA BB LA BRI A 50 ™), Kras BT A2
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mi:A2E

ERNBHE \

FQ-PCR AT UGS ATATE Bit —EE(%)

34G>ARBIE 8 0 8 100.0

34G>ARBIE 0 272 272 100.0

Bit 8 272 280 100.0
34G>ChB 34G>CEM

34G>CRalt 1 0 1 100.0

34G>CRBit 0 279 279 100.0

Bit 1 279 280 100.0
34G>ThEM: 34G>THEIM

34G>TRBM: 10 1 1 100.0

34G>TRBI4: 0 269 269 99.6

Bit 10 270 280 99.6
35G>ABIE 35G>ABRM

35G>ARDIt 39 0 39 95.1

35G>ARBIt 2 239 241 100.0

Bit 41 239 280 99.3
35G>ChRtE 35G>CPEM

35G>Chalt 1 0 1 100.0

35G>CRBit 0 279 279 100.0

Bit 1 279 280 100.0
35G>ThEME 35G>THRIME

35G>TREI: 11 1 12 91.7

35G>TRBI4: 1 267 268 99.6

Bit 12 268 280 99.3
38G>ABBIE 38G>ARRM

38G>ARDIt 21 0 21 100.0

38G>ARBIt 0 259 259 100.0

Bit 21 259 280 100.0

BE T AL W (progression-free survival,
PFS) XU L SRAZ T FAG, H A7 PFSHIA R W]
WG A . LRI PRIREIESE, fECRC
YBIT R RE T, K-rasHy A2 B9 5 80 ) y6 97 (1) 3R Al
WER T RAR R, k-ras IR FARR AL 17]
YBIT YT R RS R AR

H A, F2ll CRC Hk-ras 3k R 5 AR IR A 1 77 ¥
FEAT: WREIE R B2 S . DNA
FEMB Z AT BRI k. BRI
PER B2 S BT FIDN A SRR G 2 251
AT EA TR B WA EERAE, LK
— R AL BEFE i B 2 AR A, RLL B RR T ik
R BRI BAG . R ARS  BUE SR ), WO
90 [ 52 21 JR B R BRI 4 AR 2 H R I R
Fk-ras KL SRR I ()% FH 785, DRIZHAR K
Tt 5 B A 200 AR S R A AR A, A
A BN 9 1 e DR SR A A DN £ 4 b .

AWTFH, 2 AL, #iA7E280

www. wjgnet.com

BICRCH, k-rasF& R 7 BH A (5 R 5845 1) 94
1], BHAE%33.57%(94/280), Horh 88 12405 111
35G>A. 35G>T. 35G>C. 34G>A. 34G>T
K 34G>CISEAF 4 5 K1 14.64%(41/280
4.29%(12/280)~ 0.36%(1/280). 2.86%(8/280)-
3.57%(10/280). 0.36%(1/280), %5 134mfid 111
38G>A M RAZH N T.5%(21/280), Horp AR K iy
IR 25 R 35G>A, IX -5 A GRS B A — 3>,
K WIrp [H CRCHEA T IR AR K LB (R k-ras
K SREAR, K HEk-rasHe R S8R IR 8 W AN g AT
XTEGFRIFHL ey 7 ik i, IR [ECRCE#H
76N F L 10) 250367 T IR S A Ml k-ras ik
DRIGEAR, AT Ay L 1) 6 97 S At T 52 10 2 2% 4.
AR E N ik se i . W R
RSO Hk-ras HE DR SEARIRES, AHILRTHEARE R
i BRI R A St g 4 DL R 4 R
FEIN 2y A sk i AR T I R, JF B G BE e
AT P B 2%, T AR AL AR AH Y. 1) 2 W)

k-ras & B R E K
A A T A ls R
B R A AT
EGFR#) 4 5
Yew s P st
%A MR B AR
HRF AR,
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W @ 15 R0 A Multicomponent Plot B 80.00- Multicomponent Plot
KSR AR, B 80.00+ — FAM 1 — FAM  -- ROX = -
RFEE AN, & 70001 T rox | % ROX vIC
= W 60.004 3 60.00
FaammEny 00 VIC @ 50,00
FrawsmE 30007 2 2000
I 40001 ——— — @ 40004
Fh R FE L. 230.00— S 3000+
220004 i 20.00
10.007 10.00+
000771 T T T T T T T T T T T T T T T T T 0'00\\\\\\\\\\\\\\\\\\\\\
02 4 6 8101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 02 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42
Cycle Cycle
C55.00- Multicomponent Plot D 35.00 Multicomponent Plot
50.00-
45.00+
40.00+
35.001
£30.001
4] T
§25.O(}77_77_77_7;.~»"~,-
220,007
15.007 — FAM
10.00 B \R/?é(
5.00] 2.501
00057 4¢ bubiz ke é%ze R I R TRy PP S FEEE T T
ycle
E100.00- Multicomponent Plot F cc 00 Multicomponent Plot
90.004 — FAM -- ROX - VIC 50.00- — FAM  -- ROX - VIC
80.00+ 45.00-
g 70.00+ w40-00’
$ 60.00- §35.oof
g 50.001 30007
S 40.001 £25.007
=] =) 4- - - - - — — — — — — — — ==
T 30.00- i£20.00 .
2000{- — — — — — — — — — —.=—=T" - 15,000
________ Lo
10.004
5.007
0.00 : :
0246 8101214161820222426 2830 323436384042 000 T o T T T e e 3 36 b b 42
Cycle Cycle
G 60.00- Multicomponent Plot H o o0 Multicomponent Plot
— FAM -- ROX — VIC 50.00-
850.00* 45.00-
< £40.00-|
©40.00- 2
240,00 Jas00
v - — - — - = = = =} i
530.00- 33000
2 25004 - S
20.00- 20.00 e
15.00+ — FAM
10.00+ 10.00 -- ROX
0-00 T T T T T T T T T T 1 T T T T T T T T T 1 5.007 VVVVVV VIC
02 46 810121416182022242628303234363840 42  0.00

Cycle

2 FQ-PCRIEFNk-rasERZRRES. A: 5512, 135540 1-R2%

02 4 6 810121416 182022 74 26 28 30 3234 36 3840 42
Cycle

A5 (k—ras FKEF A ), B: S5 12550 12845 (35G>A); C: SB1255H

TEAEGB5G>T); D: #1251 TEAR(35G>C); E: S5 TIRA(34G>A); F: B2 TRAEB4G>T); G: S 12515 T2
(34G>C); H: 13 FZRAF(38G>A). FAM: #bRARRZE:; ROX: 5o #hZL; VIC: NS IRERZ.

TR, S B R Bl ik i) Ky LA B, i
AARKJRBRYE, PRI, SoRUER . PRk, A {E
KMl CR CHik-ras Kk N (1 RAIRZ ()5 1%, LA
i PR 2 Y P 22 5 B A% B i) 2 2 T PR (R 38 D7)

FQ-PCREIAREMS NI KK ZEAT R, HE
B AR AR R R R
o EEVELF, SR AR 2 IR N A I . A

WG, AR 5E DRI BH P (5 AR D) [ 94451 1R 3
H, FQ-PCRIIVEI M, R HiE96.8%(91/94),
PE34; 535 DRI B 2 2R 1) 186451 i
FQ-PCREF 184451, i 7 1:98.9%(184/186), FH
PE2AF). AE PRSIy v, & S ARAT R B
— R R —BORFF A HEITE90% UL |, Fo
AT IR ZRIE F100%, A5 1 IR I 45
R, DA FIK98.2%. IXKIHFQ-PCR
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REMEHENG . P fIE NI CRC P k-ras B [
PSR, 1T LAE I IRCRCHk-ras 3R (1)
ARSI 798, T Ky e AR ) R 97 $ A 2
FAKHE.

7E280M% CRCARA R, A7 5451 S I 5 5 5 1
PCRAG I 45 F 55 KL DI Al 45 RAHH A, A4
PR T —Ff kg I Rl &5 SR B AR Y, FQ-
PCREG IS R S8 AR R, 3K A R 1A e £ 3
PEAHI 25 1 FE R BR DN A1 405 7™ =, WK 54 Ok Jii
ANAZ TR BT B BT REARRAEA Y, LR
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