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T RURIEC AR E B E EHE B ikia
KIAEAMEIRAR Kras BEERT

REA Il A & B F F HE"
(o R B A T BB T S, DR 0 BT T, AN B0, VA 110001)

FEE  Keras 2RSSR T T K00 5006 & 51200, AR 1000 50 R A K R 7 52 A48 ) 2 0036 77 R 30 K
e R, CUSEIRNORT AN R Ak VA 7. SR DA ) A S D B S T ) B A L A B B 4N 4 LUK (temperature gradient
capillary electrophoresis, TGCE)& KSR RS, SLHLT 0 98 Bl A7 W AL K s 41 Koras F5 BRI S48 1) vy R B 2%
RAATER N 47.96%, 555 T PCR P2 WV E BT 23.47%. 5o B 3 5 /% 1% 05 102 28 /0 REAS D 21 2.08% 1) K-ras £ A

KA. Keras FEPRIRAE 5 IR B SHE R RN 875, EME T Keras R R T4l (P < 0.05), 1454
By VERIL LGNSR R o A T RO, AN T i IR S W R S I R 2 i T — R R L AR

MR TR 1A T BL

KHEIR MRS, IR BN HUK(TGCE), Keras 2R, 5848, K, Ak ifg44

ZR9ES Q75 Q81, R44

L DR ARSI S e e U2 W RN 41 b i At )
RV AT AR R N . Keras HEP 2
5 NI R AR R I B VI AR R 22—,
R P21 s H SIS S SR A ¢, S i
(FIEGHE 5 700, Keras BEDIRII0E 5848 2 N R Ig
Hh Bl LI R AR, A AT T & AR, A
JeEE . Al TR R FORR B v R R AR AR 40
A 90%- 50%. 30%FH1 50%7, % LA RigEAr ok g,
BIEE 1AM 71 120 13 A% FIEE 2 4 111
61 A7 &, JFLL 12 fr i 7 RA A . BT
RALRL KBS AR, SEAT )L A e 75 23 £
HUALAE (B, ST HIIRIETTR Y], Keras JE K AR W] A
2% i K R - 52 44 (epidermal growth factor receptor,
EGFR)#E [V 7 R Wi« =l /)N 20 s R Sk 2956 i
PR ST Ant 7/ RN A = VA e [ 17 DS
B A1) Koras 5K SEARR M T h 2. (HH
BRI A7 AN FIRE BEAFAE REBUBEAG .
MR R BREEIL RN o H e A bk,
M CASEIR 80k . A, ASHIE ORI LR FE B4l
& W3k (temperature gradient capillary electrophoresis,
TGCE) 15 Tl it #2430 R 4 6 10 2 57 18 Al it 928
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W AT, BEEERR 32~84 %, P 612 %, H
62 B, 36, wi. R ARSI A
3551, 57 A 6 5. KM¥Edi Dukes P& b4
A 42 %1, B 14 %1, C 20 %1, D22
B, El 42 ), &5 56 .

I& 03 W % 43¢ i [ Poly (vinylpyrrolidone) PVP,
43T i 360 00014 Sigma 2 H] ™ YOYO-1(34
RPA 473 nm, KPP 509 nm) i H Molecular
Probes /A #] ; Pyrobest DNA 2 & i, pMDI18-T
Vector /&K 5% & 40 it DH5« W B Takara 2\ @ ;
QIAamp DNA Mini Kit ) H Qiagen 2 7] ; &t K
DNA [R5 &5 W 11 b 3 R R TR R AT R 2
H. T1 % PCR ¥ 41 H Biometra A H. 5|¥))7
H1)E J R 4 T RE A W S8, DNA 7411 5E B
Invitrogen 2 7] 5.

1.2 DNA #2EU#0 PCR ¥ 1%

SHMIRG TR RN EE I, B AL, BOUE
4, W QIlAamp DNA Mini Kit 472 B 4H iy 5 4]
Y. K E D) R 10 wm Y14, N 2 ml T B
W, A Tml —HZK, ' 56°C /KT =%
I 10 min, 4°C &0, 16 000 r/min 10 min,
H. A 1 ml o7k S EERUE BE S, 4C B L,
16 000 r/min 5 min, F _Fif. BB - YE 2
W T EE I 150 wl WALH(500 wg/L A
B K, 1% Tween-20, 1 mmol/L EDTA, 50 mmol/L
Tris-HCl, pH 8.3), £ 56C Ntk 3 h, Wik 4f
0.5 h #ikZ A —X. Wb 10 min Ki% & HHF K,
16 000 r/min 5.0 10 min, WRHL B35 25— 5045
D PCR B, —20°C ORAF. 38005 Koras 2
EE 1 AMNE 755 120 13 %K 4 293 bp (4
B, PCR 45|%¥): Eif51¥), 5 GGTACTGGTGG-
AGTATTTGATAGTG 3'; Fif5|#), 5" AAAGA-
ATGGTCCTGCACCAGTAATA 3'. Wi ERA K
i, 7R BG4 551N 40 bp ) GC-clamp 7
FI8. PCR R MAA RN 50 pl: 2 wl FEFI 41 DNA,
1x PCR 2% ¥ (10 mmol/L Tris-HCI, pH 8.3,
1.5 mmol/L MgCl,, 50 mmol/L KCl), 0.2 mmol/L
dNTPs, 0.5 wmol/L F. Fif5[4#, 5U Pyrobest
DNA R AWM. RMNA&MHA: 94C 1 min — 55C
1 min—72°C 2 min, 35 PMEH. 1%I 0 B H
VKRN v BE B R FE AR P AE PCR
WA A - FPEFRIE IR0 : 95°C 3 min,
L 2°C /min B4R M 95°C B&F] 25°C, 1F 25°C {545
3min, fJalFRE4C.

1.3 S TGCE R4 HIIER

FE KPR EER AR 2 7] SG2506 4% f 3 58 L
K AR UESC 2 9 2 b R g e B B AR R T
TR SRR s R St R R
TR P 2 A8 AN S mm, A X
B2 R W 45 mm, BT RO B K RE A
45 mm, PWOEIEHEZ) 70 wm, RZ 20 um; UK
Homm R R AR = B WOLE 2 2Otk 4
(laser induced fluorescence detector, LIF){% 2 2%
SCHR[7T1RATASS: Hvth {5 5 R A Kipp&Zonen 23 ]
BD11 BG40 %. 2 SOk [4]45 26 110
R AR S R Bt A S P 2 T ol P S T B R
RILEES Fr 3R AR 1) B JCE B BAT B R AR R B
H 7104 B AR H O (REER 5 5 23 vl ) 4Lk
(PIINFARE . FERRE O 70 Bl S AR e A 1)
U — L PR AR R T R A
FEIfHif, %A National Instruments 2\ ] Labview
AR PP AR AT T, IR B B00E W 5 B
P B ERT FE PE100 it B2 A% S 2% S 4t 4 1 I 4 v
JE, AERRIERF T RO IR, BT Va5 S R
ZNAEAE € BRI B2, WS 53 B I8 3E 7 1] PR S
OB, EH TR % S 119 2% ) Hl S A SR .
14 IR TGCE &N 4B 3 K G RFR A K-ras
ERART

5 )5 H 0.2 mol/L HCI XL ZE 7K phfe it F 18 1
10 min, F 5 ml 735 28 HE N 3% PVP i 73 /v i,
4C B LUE R IR E . AR, 5 o
M, HEANEH 1% YOYO-1 5644 3% PVP,
PCR 7= M S M G FE 2 50 450 B8 N N AE it
LA AR TIN5 5 YR 3% PVP, Jf
{REF SIS . R Wave2100 FY A8 1 v i Al
A BEHL 2% DNA fiftsi th L 2Bl 1%
K &N 293 bp 11 Keras ZE H 19/ B 7, H A
56.9°C , AR FT L 0 & SR 0k A i R
BN 73C, B E R 04°, MRS
Sy BB IE N 55~ 60°C (WL AR . REHE LIF &
B, TF L S AT A TGCE kb, H
VKRR A HEFERY BERI 2 B B (ERERERNBE, #F
mndth R IR PRI RT % R PR R HE
A 0. 400, 200 F1300 V, dEFEFRFSE 80 s;
TEST BB B, FESh I BE SR S Pt RN
S PP R M LR 4 0 R e 400 404 0 T 200V,
sEFFs . SRR E, R
0.2 mol/L HCI R ZE/K e, HEAN 3% PVP i 73/
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J, 4CORAF T, DUREES 3R PVP &R
J=, YERFHIK T B IR
1.5 DNA BEHNF RN F

BT FEAR ) PCR P45k DNA [T &
afifblnlie s, N ABI377 {34 T H el 7 56
UE, XA BB P AN BB IR AE A AT TA b
D98I
1.6 EIESR

NSRS TGCE H AR Keras R 54
I, R D) AR G-23 18 55~ 607C ifi
FERRRE NIESE 3 YRR, il %1% 293 bp B
(1) R W TR R A BRI R), B HL K 40 8 B O F o B AR
B I 1) (R ARG B 22, BRI RSD .
1.7 FitESH

% ] SPSS13.0 G ik 3, >R FH 5 D8 35 7 22 93
Mt L i ¥ TGCE 5 BBl ik (A i 25 51
K 2 K500 BT K Keras JE I R85 1 R I
BRI R, P<0.05 W ESIFEX.

2 4 R
2.1 iR TGCE 1Ml XM R S KrasE
ESfLs

4% TGCE J5UBE, TG 5848 #F ity 1 HL K ¥ R IR
h BB Y, T SEARE S R IN A 2 WU . HT29
KA Mk Keras 56 BP A2 RO 40 il &2, LS174T
K AR Keras BE R 2% 5 53 RGN il RS, B
BAER RGN VKR 2R, A3 S0 L 0de UG
B, RJCSARIER, 5 R 2 IR, RIS I
B 1), 7R ARG AENE AR I HE A0 B A & o 1)
K-ras FER5RAE.
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Fig. 1 Electropherograms of K-ras gene in 2 colon
cancer cell lines with 5°C temperature gradient
from 55~ 60°C
Separations performed using 3% PVP in 1xTBE under electric field of
40 V/em. Effective separation length 45 mm; temperature gradient length

30 mm.

2.2 TR TGCE Rl B 75 7AiM X b7 & A B8 7]
FHRAS Keras ZEFERRTER

KB TGCE VKT T 98 9147 i A 34K
IR A T Keras FERISEARTEOL,  FT AT bR A R LA
PCR =) H 40 7 AT S uF A LL A . 45 R oK,
12 BN AP A7 AR 58 AR 1R 23 IR i 5 20 F A
BRI R SATUWET . A 24 {5185 B RS 5 BH Pk 1R
AR BEBENFEARR H, $E0 i R ik B Ay
SR I R . e 1 TR, T UK AR
K H 2 R 47.96% , B2 = T PCR ™= 9 0 7 (1)
23.47% (P < 0.05).

Table 1 Detection results for K-ras gene mutation in clinical samples by chip-based TGCE and PCR product sequencing

Total Wild-t Mutation-t;
ot ra-ype utation-type Mutation rate/%
(n) (n)
Chip-based TGCE 98 47 47.96"
PCR product sequencing 98 23 23.47
*P<0.05.

2.3 T TGCE MR F E Kras EERT
hHE— 2B B0 R g SR e, A 24
A0S AN T Ay 5 A 0 TR Ty P 42000 A I P e
an, EE 4 MRERVERE BT T eI, 45 R
VRIRAERA. B2 BIR, Keras AT A7 LG

B350 16.67% 10.71%- 7.94%K1 2.08%, 7R
ORI EA R IR E, o] ORI
FIE Koras L RAZ. IO, 76 Y-64 FER R T
K 26 12 25857 GGT—-GGC R®RA%, BRI T
%15 % GGC—GGT R4S,
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Fig. 2 K-ras gene mutation-positive tumors detected by chip-based TGCE but not by direct sequencing

24 EFEMEST
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ATIESE 3 S i TGCE frill, 45 SRR, r &
R I )34 BAT R SR BLE,  rE UK OR B B 1R 1
RSD 4 0.7% (& 3).

Relative intensity unit
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Fig. 3 Three replicate electropherograms of sample
G-23 employing a temperature gradient of 55~ 60°C

Other conditions as in Figure 1.

25 DT Kras BEEARTEKRBEIGKRFIEFES
L&
3BT 98 A b A K i AL 2R Keras FE A

SRR B 2= S BN K RN 2 iR, AR
%T&Eﬁﬁ%@?#@ﬁ%ﬁ%ﬁ*%Kmﬁi

AR RN v T A5 I SRR (P < 0.05). B
E%m%&mm,%iﬁﬁﬁ£q>ﬁyﬁﬁkm
FENRAF I B THER <53 F 1 EE, H0

2 TGCE Frill 25 SR IR Keras HERIRAR 5 38 1 6E
TR BEAh, Keras BRI RAZ G TR AR %R M
ATEg 73 135 R R0 K.

3 it it

TGCE J&& —Ffik T~ B 40 R UK (15 DA R AR A6l
Jrid, EAME AT 5 AR B J B Z A AT R K

IV R I, P9 1) T, (AT AER N 225
FERE P SN B A LUK FP R BN HE DK RS 3 L 1Y

ZEnl, A RARE BRI 2RI, i e R AR A T] f)
Wi AR (A AEY. AE B E Ik RS, SEOR

B O BT BUE N w0, (H 5 E
BN K TR A AR/ ARAREL D, B RE
RS, W AR HAAREA R L )

TIFEM > B . AR o — OB Il 2 20 #r
ARG, AR BB AR 0, BURAERE
BB, T B T B R 2%, AR ST D
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Table 2 K-ras gene mutation rate and clinicopathological parameters

Direct sequencing of PCR products

Chip-based TGCE

Characteristics of patients Total (n)
Positive (n) Mutation rate/% Positive (n) Mutation rate/%
Age
>53 68 20 29.41" 36 52.94
<53 30 3 10 11 36.67
Gender
Male 62 12 19.35 29 46.77
Female 36 11 30.56 18 50
Histology"
W.D 35 10 28.57 17 48.57
M.D 57 13 22.81 28 50.88
L.D 6 1 16.67 2 3333
Dukes stage
A 42 8 19.05 18 42.86
B 14 2 14.29 7 50
C 20 6 30 12 60
D 22 7 31.82 10 45.45
Tumor location
Colon 42 16 38.1° 26 59.52°
Rectum 56 7 12.5 19 39.29

"W. D: Well-differentiated adenocarcinoma; M. D: Moderately differentiated adenocarcinoma; L. D: Low- differentiated adenocarcinoma.

*P<0.05.

OINTIEEE PR E T AL SR A, R
OB IE AR /AR K, 2 A EGAE
WU BB EA, AR G, H RGP
A0 B0 AR ET LA ol TGCE A 21
S BT, A T I TR IR i
AL TGCE R4, L) SNP #f 54T
TR, AE 6 min PN RITET SE R BRI, FE
BEUGEN BN TR, fEIbIERt b, AWFITE
2 N T R IG IR BR A Keras HE I
AR, AT RN, SR RERA T Keras FEH
SRR H 2R BH S ey T B v, T EL P
INAFAEGEAL IR fl A5 U5 A v 35 S R S8 AR U 1,
5305 P AST I A Ve 2R AR A AR B 20 e A A 380 56 E 1)
FEMAEIE 0 (R se B e P e S8 T RASIAF A, )
O P A HE B TR AR R0 it v B U 5 SRR
TRABAAEEE R AT, BN TAERR A, #hE
XA BIRE AT s BED Y, (RS RAT IR AR R
28 FLAT v FE TR RS I T

I AARAN 1) 2 B e B v P e P, S8 AR AR
KEMIEF M HESE, AT BoR, 7EMPR 4l
U AEAE L) T0% P IEH 40 en, Rk, fetsfr

SRR AL = 578 A i S AR R 7 3 I P PR 9%
B AT FUIE I T AR ARl g B AR AL BN R
AT T BN, S5 R, R R D kil
SRR H A 2.08% A i 1) Keras BERIZEAE. H
A RGVEREH PR R — D, (H g
A AT N A AT S A U R AR, XA
P B b ST A A b 48 i e BT IR S B A 0, A
I, AR FR G0 R FE A IR PR bR AR = BERE S (A
W, AEAT BT S 0 R R, — 7 177 A
MRS AN DNA FEA I RIS 5 /Y, 5507
T 75 B3 B AR Z00] [F)O0URE RN S 50U 1) R 4 73 15
JE. 2B IRATE A T OLIF K R4, % DNA )
K BRIEE] T 1 mg/L, 17 28 48 (1 i 3053 15 fig T
TR ARSI LTG0 s, 2R
JIT KGR (AL Ao B s ) R G RS T i RE e . 401
WIERAEE . Y46, HAE TGCE 4> 55 J5i B, 4li& o
AR (R 75 5 0 SRR TR A LA TR J e Y5 3L
B, AHDIEPRBR A i B Bk, AEARAS T B
FSCEUE AU, TG RS ) Vi A A B

L 98 151 Ife AR A A4Sl 45 SR 40 B T K W s 4121
1 Keras 55D 5EA8 5 I RO 3127 S8 2 R IR G &R
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HEr X E IR REEA— ANA N
WEMOHE, WA NNAILEFEE. P mRS
H . R AT R 2 2R 2 R B A DR 35 A DR, AT
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RIAE B i o) A Keras JERI SR, i 5 oAt A
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Wi i, DASCEL IR TT o P i AR AR F I Ok
09, Vogestein W57 /NAR I, Koras FE K 5848
RAET P e e O R AR B, v RE R
Wl AR s sh 3L, i B K s i i ik
AR T K R R N, DR AT BAE
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U, DRI Keras 8 PRSI AG R T 07 16 Hi BT EGFR (1)
AT AR K fR A, T SEEOK e fR
PGS, K EE ALY, FFORRR KGR
I7 BIRE P AN DA L1 Bl 2 17181,

AFFFCERNL T —FP 8 Keras F5 R SR
Jrik, BARMGER R BRI RS )
R, AT SN AR T B S AR S A AR, 1R
Iy, I 22 AT R, AR RE SIS I 1)
B, A I PR KRR DRI 2 S 41 s 2 20 A
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Mutation Detection of K-ras Gene in Paraffin-embedded
Colorectal Cancer Tissues by Using Chip-based TGCE"

ZHANG Hui-Dan, WANG Xiao-Nan, ZHOU Zhe, MA Qian, FANG Jin™
(Department of Cell Biology, Key Laboratory of Cell Biology, Ministry of Public Health, and Key Laboratory of Medical Cell Biology,
Ministry of Education, China Medical University, Shenyang 110001, China)

Abstract K-ras gene mutation is generally regarded as a significant indicator for colorectal cancer screening and
early diagnosis and in favor of filtering out colorectal cancer patients benefiting from epidermal growth factor
receptor (EGFR)-targeted therapy. The chip-based temperature gradient capillary electrophoresis (TGCE) was
successfully used to detect K-ras gene mutation in 98 cases of paraffin-embedded colorectal cancer tissues with
high sensitivity. Mutation-positive detection rate from chip-based TGCE (47.96% ) was significantly higher than
that from the PCR product direct sequencing (23.47%). Clone sequencing showed that this detection system could
detect at least 2.08% of the mutant K-ras gene. Analysis of the relationship between K-ras gene mutation and
clinical pathological parameters revealed that K-ras gene mutation rate in rectum cancer was significantly higher
than that of colon cancer (P < 0.05), but no remarkable correlation between K-ras gene mutation rate with age,
gender, histological type and tumor stage was observed. Therefore chip-based TGCE is very sensitive and rapid
method for mutation detection, and it can be applied for large-scale screening, early diagnosis and guiding clinical

treatment.

Key words microfluidic chip, temperature gradient capillary electrophoresis (TGCE), K-ras gene, mutation,
colorectal cancer, paraffin-embedded tissues
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