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Correlation between K-ras genetype with tumor regression of rectal cancer

after preoperative chemoradiotherapy
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Hospital , Ningxia Medical University)

[ Abstract]Objective: To evaluate whether the presence of K-ras gene mutations is a useful tumor-response marker in patients with
locally advanced rectal cancer treated with preoperative chemoradiotherapy. Methods :46 patients with locally advanced rectal cancer
who were treated with preoperative chemoradiotherapy were enrolled. DNA was isolated from paraffin—embedded tissues before
chemoradiotherapy amplified by PCR,and then sequenced in order to detect K-ras mutations in codons 12,13. Post—operative speci—
mens were classified according to the Dwork’s tumor regression grading (TRG). Good tumor regression was defined as TRG 2+3+4,
insignificant tumor regression as TRG 0+1. Results: DNA was successfully extracted from 43 patients, K-ras mutation occured in 15
patients (34.9%) ,of which mutation in codon 12 occurred in 11 patients (73.3%),and mutation in,codon 13 occurred in 4 patients
(26.7%). 29 (67.4%) patients were graded as TRG 2+3+4,14(32.6% )as TRG 0+1. Pathologic response rates in K-ras gene muta—
tion group and wild group were 66.7% and 67.8% ,respectively,with no significant difference between two groups (P=0.793). Con-
clusions:There is no difference in the degree of tumor pathological regression after preoperative chemoradiotherapy for rectal cancer
in the different K—ras genotypes, K—ras mutation status does not predict response to preoperative chemoradiotherapy.
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1.1 W RFH

W4E 2007 4E 2 H 2011 4 3 H 7 R ERF K BB B
FPRHBGA Y 2 B2 1 B e B 46 ), it B 1)
NH ARG LA FRE : (1) KRBTS0 S iE A BILIESE Dy 5
o IR R EEALT] <8 em; (2) REGTATZLE CT s MRI £
ﬁ,lﬁiﬂ?@ﬁ%ﬁﬂﬂ To.NouM, ] ; (3)AFIR <78% ; (4) I |
& B CT KA HERR I T4 EZERBEHAL; (5)INIKE
FUR S, 2R T IREILAIE 5 (6) AdEZ i HAb YU IA
Ligh

46 W F T B 30 41(65.2%) , 201k 16 41 (34.8%) ; 4F
% 23~78 %, FPACAERE 50 2 5 IR BEAT % 2~8 cm, T35 (4.58
+1.55) em; HALITRTEE TNM 43404 . TN M, 32 1(69.5%)
¢TNM, 851 (17.4%) , cTsNM, 161(2.1%) , ¢ T.NM, 4451 (8.7% ) ,
¢TNM, 1 61(2.2%) .

1.2 %FH%E

FTA B BB AR T+ FARIGYT . T 548 B4
TR 6~10 MV X 2k JRST, FR S Rl 2 #2014k,
CLFEELA R R | SRR, B8 P9 IS FIbk E 2 = 4l TR R
J7, RS EGRI R 50 Gy, 4MK5fl i 2.0 Gy/(IK -d) , T JE HRET 5
do BEAGATT 2 RIS 7 BRI 5 A, 574 1 600 mg/
(m?ed),J3 2 IR, MR 14 d KRB 7 d o 1 AR, AR
JrgE, BETIULITEH)R 6~8 MIEZTFARIGIY ., RiGBE
TNM 5 #5339 : ypToNoM, 2 i1 (4.3%) , ypT\NoM, 1 1 (2.1%) ,
ypTaNoM, 13 1] (28.3%) , ypTaNoM, 14511 (2.1% ) , ypTsNoM,, 11451
(24.0%) ,ypT:N M, 9 %(19.5%) ,ypTsN.M, 4 151(8.7%) , yp TN M,
2 4(4.3%) , ypT.N.M, 3 61(6.5%)

1.3 &7 R ARE
AWETE F BT B AR 7 S IRCR R

ST 5 B IR R VR AAY FRCR M EbRE . A 20
165 B 22 D AR F5 Dworak > s Ji I3 T4 1B 49 b ME (Tumor re—
gression grade, TRG) ¥4 T EA#H IR FHITE (R 1.8 1),

ZIESCHRE X TRG2+3+4 M g iR BT, TRGO+1 Ay g
JGHH BIHIRD,
F1 MEHRSER

Tab.1  Tumor regression grade ( TRG )

i3 TE X

IR AL TE AR AL, TELT 44 5
JMeRA 2L e B ST A A, ABAS 2L M

TRG O Jiyg Jeiy iR
TRG 1 BhRERRETHIR

) 25%;
TRG2 MiEhBEiiR I b ] R 2R 4efb , e7 4R 10 5 26%
~50%;

TRG 3 JHg iR KAy
TRG 4 Jig5¢ 47iR

LALLM S1, i 5090 15
SERARA BRI , (L ILETHELH L5

1.4 FEKA

A U A 2R B DAN 3R 60 QIAGEN /A A QTAamp
DNA FFPE Tissue i34, PCR 5 ¥yi% it M & i il A9y
TR FRAE 520, PCR SuperMix 1 1 [ Jb it 22042 E W4
ARA PR ] DAN I o K S AE AR AT BRA Rl 58 AT
1.5 %7k
151 AL EIE DNA 4% 4% 1 QTAamp DNA
FFPE Tissue B0 & B#EMEER B 5~10 wm JE WA 54
LR BT EP B b, IR B R B0 20 5 1
HIEE ATL Z2fi A 20 wl A K, B8R A K
WEE T, 2 B 200 wl AL 2% 0 K2 200 wl 2.7 (96%~
100%) , IRTEIR A o ATALKE 7 =554 % QlAamp MinElute
FEd R0, Z 5 BN 500 wl AW, AW2 28 g, 4k
BOJE K QlAamp MinElute A 1 AT 1.5 wl Sl
BLDAE T U 20~100 wl ATE 28 Wil A B v g v 1B
OIS IRAA R AT 2L PRI DNA, —20°CLRAF
1.52 PCR ¥ 3 LUiE51 % .5 ~AGGCCTGCTGAAAAT-
GACT-3; U514 :5° ~AATGGTCCTGCACCAGTAA -3 ; it
il PCR B4 S iR 2 30 wl(15 pl 2xTransTaq HiFi PCR
SuperMix, E R4 1 wl, 10 pl ddH0,3 pl #i4i) . JOnL
254:95°CF 2 min TS, 95°CTF 30 s 254, 61°CF 10 s 1B
K, 72°CF 30 s G, HEPAT 40 DMEFR,72°CF 10 min Fish
FEAif
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1.5.3 PCR ¥ 34 Pig e I PCR Y3 5 plJm 1 pl
Y Loading buffer {£%2] & Markr(100 bp DNA Ladder)5 wl [H]
i ERE 7 29 BURIEERE P 120 V ALIEALYK 30 min, 7648
HNEEIE A F W8S PCR 337210 64 i BE RN
154 PCR WY th A (%) TRA RA AT
DNA TE SOl , B A P ASCh ABIPRISM™ 377XL DNA
Sequencer, ARG A BigDye® Terminator v3.1 Cycle Sequenc—
ing Kit(Applied Biosystems)
1.6 R F) b

H 4 NCBI 4K U K—ras FER 25 2 St 1 b o 7 471
(NC_000012-NM_004985) , Lt Xof - Pl % , 15 2 BBk 58 A8 37
SN
L7 % FoH

K] SSPS B A TR e BRI 434 . 2 1] 11 LA
K K, P<0.05 255 Geit#i8 X

2.1 AR AR AACST 5 om0 R AR

32 R B HAGTT 1 B g 08 2 S AR R e
TRGO 2% 1 #1](2.17%) ,TRG1 2% 13 %1 (28.27%) ,TRG2 2% 14
#1(30.43%) ,TRG3 9% 16 {4](34.78%) , TRG4 2% 2 (4.35%) .
Ji e 1 18 R AT 32 1 (69.6% ), Mg JG I B3 B # 14 4]
(30.4%),
22 HAMIRAL K-ras AR R TH AL RBIFRIZEZH L ZR

46 9 B AN HEE DNA 43 5], o 3 {51 8 o S g 1
HURIRAG, 43 Pl FE T K-ras BN 15 41](34.9%) , 1
W12 B TRAS 11 401(73.3%) , 13 B 15878 4 451(26.7%) .
WPAE TR K-ras JEPRIEF 12 %5057 GGT, 13 #3524 GGC,
B A B ] A SRR B P L3R 2,

R 2 HFE K-ras EE IR
Tab.2 Types of K-ras mutations within 15 rectal cancer biopsies

T Bt RS AR IR
12(n=11) 6 GGT—GAT Glyl12Asp (G12D)
3 GGT—GTT Glyl2val (G12V)
2 GGT—AGT Gly12Ser (G12S)
13(n=4) 4 GGC—GAC Glyl13Asp (G13D)

5 B BB AN ) K—ras 3 PR 5 R Fin ik £k 97 ) s 22
THIBA R HRIAT ) K . K—ras FEPH 2782 g BT AR R 47
# 66.7% , B A AT EIIR RAFE N 67.8%,2 AU L2250
Giitae i X (P=0.793) (% 3).

# 3 A[E K-ras EFEE 2 BfREEZMFEEHNILR
Tab.3 The comparison between the pathologic response in the

different K-ras genotypes

15 TRG2+3+4 TRGO+1 It
K-rasHEH R AELH 10 5 15
KRSAKEA B4R 2H 19 9 28

dL3t 29 14 43

¥ x’=0.07,P=0.793

303 i

K-ras 2K J2: ras J# 3 K K% (H-ras . K-ras Fll N-ras)
M — B, B RAR & B AR R 2 — | K-ras 2
TEH M RAE R N 14%~68% , Hoh 55 2 AN 745 12,13
R F 57 7 K-ras FER RAE ) 90%~95%", K-ras FEHH
IKFEY) ras 2K (P21) & EGFR Fifff5 518 % RAS-MAPK
B SR - ras 28 (A TG40 3 Ll AR E A% P 5
B G SR AN 2 24 . A 98 B8 ras BB A AR UEH T
MAPK , it/FFHTF EGFR Filf PI3K-AKT 342 , i 4 X 48448
KRAEHCIHT ISR A 6 0 A 2 EAE RS, ras A E
FLEL 2 FHERTEAL . —Fl e LI EGFR 15 54 S840 ; 5
—Filt K—ras JERZRAE  {fi ras 85 AW G KBRS, FIH ras
FE ARSI IRE A2 i EGFR 15 5845, #7240 i%
EGFR TU#F S, 555 Fr il DNA SUES 15 Wi 242
FREHAIT A KR 1 220, AN 505 52 e 1 3 5
WO FRURAPE SIS . ) K-ras FERTR Pk Iives 240 A [
) R 5 ) 5 ek T 200 M I S e

IRAMIFFE K I K—ras k5 28 A48 25 5 350 e 200 i A S 41K
Bt 2878 U i IE A0 LA B BT 24 760 e AN LR TSR T I R
LL T R 2 LA e T2 SIRNA BRI B e
YAEAR 2R 7E K—ras FEPIAGFEIE | T B 2 A0 e 20 B i o /5
FIAEIG (2 UE A K—ras FEPR 28 AR 7E AR MR 41 it e 4 7455
CSHEBURVE IS, 7R AR R I ML T A
WFFE R G AETY K—ras FEIR 3577 W) ras B 11E 1T HEE (BER
)% H 4 WE TR HE EGFR iR ARG A= s , (a4
1% PIBK/AKT 4%, IR iCRTT e i e 2, S 380T
eesea 24t e P FRC S IR

SR, 5200 IR S AU i PR 2 2 00 ME Y, K—ras 3
DRIE MR P 52 2R 15500 0 B 055 T 2 5 5 T BB A A A
P, X T IS IRAE R D Pedro Luna—Pérez S5MFSY 2 1
c—K-ras JEDH 12-22 (12 12- R )& AR 13- KL AR
6 120 S 15 % i 5 K] 2 A8 14 ek e A 3 AR 35 32 R R IO 7 R 3=
U R RN, T o5 1) 5874 5 g dst s 1 AR A TN
. 1H Jochen Gaedcke ZEM2HF9E K& BH K—ras FER A2 A5 5 AR
AT I 995 FHLSZ I WA AH DG AN REAE I iR R s AR
TEMI TN 7 BAK, LR ME B E 4 R, 3+ H 51k
AP T K-ras FEH 2878 5 $0UM 8 AN ISP S5 18 A8 —
ARG FTH , K—ras FE R 28R 241 RN AL 40 v i 4124
HIB RIFE 0500 66.7%F 67.8% , — FHAH 2 F 51T
B (¥*=0.07,P=0.793) , K—ras FE[R A RN EF A= R4 1, TN
W W R A ARAT EWHEE R R ELER, XS
Jochen Gaedcke ir;"':F”z'JSengala C I 5T 45 R — 3, K-ras
LA WPIRZS 5 E e AR ATAST BT R0 P, RIS
BRI K-ras FER G2 SEUICHHT , (H K-ras FEF 582 BUFIEF
AR BB ARG R IT AR I R 225 SRR
HZMHEE Y K-ras JEE R AA B AR, 5200 HIE 58 U0
BB RE Ve, HARBLS] M ASBAEA A FR it — 20k oE . 53
HWFIERIR  7F Koras SEHRAEW A G12V G13D 5874



BRERKFEHR 2012 £5 37 £5 1 8 (Journal of Chongqing Medical University 2012.Vol.37 No.1 )

TR P BAG 0 R 28 AR )24 TR, Jochen Gaedcke
SRS G12V (G13D HZAE 5 AR BT (5 3 2%
fR AP HA e 2 % G12V AL G13D R
HEE 22 A IR AR o AR AR T DRURE A G B3 R R g
757 B OCHIE SR, e B I A G — 2570 BT K—ras &[N
AR GRS R I OC R

S TE N 43 BIA AR BRSBTS A
it 211 21 H R HR DNA, A K—ras FERZEM JE K-rasH:[H
GRAR YT BT A Y 1) T W 9 S5 3 A AR B TR I T e s B
B FIE2ES, B K-ras SR 28 AR R REAE AR TR ILY T B
TR 2 2 PR A T IR T, (H2: , K—ras S8R 28481 4
EIp PRS0 S U AR DGR I B 2D

£ £ X M

[1] Kelley S T, Coppola D, Yeatman T,et al.Tumor response to neoad—
Juvant chemoradiation therapy for rectal adenocarcinoma is mediated by
p53—dependent and caspase 8—dependent apoptotic pathways[J].Clin
Colorectal Cancer,2005,5(2):114-118.

[2] Bernhard E J,Stanbridge E J, Gupta S, et al.Direct evidence for the
contribution of activated N-ras and K-ras oncogenes to increased in—
trinsic radiation resistance in human tumor cell lines[]J].Cancer Res,
2000,60(23) :6597-6600.

[3] Gupta A K,Bakanauskas V J,Cerniglia G J, et al.The Ras radiation
resistance pathway[J].Cancer Res,2001,61(10):4278-4782.

[4] Toulany M,Dittmann K, Kruger M, et al.Radioresistance of K-ras
mutated human tumor cells is mediated through EGFR-dependent acti—
vation of PI3K-AKT pathway[J].Radiother Oncol,2005,76(2) . 143-150.
[S] Kim I A,Bae S S,Fernandes A, et al.Selective inhibition of Ras,
phosphoinositide 3 kinase,and Akt isoforms increases the radiosensitiv—

ity of human carcinoma cell lines|J].Cancer Res,2005,65(17):7902—-

7910.
[6] Dworak O,Keilholz L,Hoffmann A,et al.Pathological features of
rectal cancer after preoperative radiochemotherapy[J].Int J Colorectal
Dis, 1997,12(1).19-23.
7] Rodel C,Martus P, Papadoupolos T, et al.Prognostic significance of
tumor regression after preoperative chemoradiotherapy for rectal cancer
[J].Clin Oncol,2005,23(34) : 8688—-8696.
[8] Di Fiore F,Blanehard F,Chathonnier F,et al.Clinieal relevance of
K-ras mutation detection in metastatic colorectal cancer treated by ce—
tuximab Plus chemotherapy[J].Br J Cancer,2007,96(8):1166-1169.
[9] Raponi M, Winkler H,Dracopoli N,et al.K-ras mutations predict
response to EGFR inhibitors[J].Curr Opin Pharmacol,2008,8(4):413-
418.
[10] Bernhard E J,McKenna W G,Hamilton A D, et al.Inhibiting Ras
prenylation increases the radiosensitivity of human tumor cell lines with
activating mutations of ras oncogenes|J].Cancer Res, 1998,58(8):1754-
1761.
[11] Luna—Perez P,Segura J,Alvarado I,et al.Specific ¢c—K-ras gene
mutations as a tumor—response marker in locally advanced rectal cancer
treated with preoperative chemoradiotherapy[J].Ann Surg Oncol,2000,
7(10):727-731.
[12] Gaedcke J,GradeM,Jung K, et al.K-ras and BRAF mutations in
patients with rectal cancer treated with preoperative chemoradiotherapy
[J]-Radiother Oncol,2010,94(1).76-81.
[13] Bengala C,Bettelli S,Bertolini F,et al.Prognostic role of EGFR
gene copy number and K -ras mutation in patients with locally ad—
vanced rectal cancer treated with preoperative chemoradiotherapy|J].Br
J Cancer,2010,103(7):1019-1024.
[14] Andreyev H J,Norman A R,Cunningham D, et al.Kirsten ras mu—
tations in patients with colorectal cancer:the ‘rasCAL Il ’study[J].Br J
Cancer,2001,85(5) :692-696.

TR AL

(E#EFEIW)

Fi . B RIS RS Nk LG O EIRSEM B AR R AR A
MG, 1 T RAERERE (A IR R OAUIHZEM AT g, —
PRCIRTE 38 VB A A AT i, Z2 NG5 45 T AT N F
PUEEL W 5 TR P8 38 e HLAb A R A= % i, 275 05|
Wi, A R AR, WA T A R I AT B AERRIm
R R I AN JE S T B I, AT 2 R [ OB P T
W 2T F(>800~1 000 ml) A4 AT e T BR8P L4 P #5E i 179
ARG A P IMRRPTEEZ5 Y PR i A
WA SR BT BB RS MY ATRIT BN R

A B KA Pk LR A = A4 OB FFR K, 4
PRI ESEIRAL ;@R T 4 B E WAL M T ek
PEJE ke, AT S ARNT N 1 () 15 P BRAE s BB Ay S e Bt
WHEEANTE 2, THRRMEY TS, il i ik T
SRR ZE L, T T LA S B DAL A AR B4, A
W I I G R E A AR R N fe

SR RTI 22 0 R A et A8 S B0 52 B 25 AL i 9k

A SRR IR E B A s IR I . BE T AR
21 h G0 A RIT GO ANIE I e BE MBI R
OAHZERRTRE, 221 T DIER R OB A RO ] 24
T, SCHERR IR A OB IE AT RE , 5 TE I AAE AR Ry O D REAS
RFTEC, T LR A BG4 5

& £ x

[1]  Ellis S G, Ajluni S,Arnold A Z,et al.Increased coronary perfora—

tion in the new device era:Incidence,classification, management, and

outcome[J].Circulation, 1994 ,90.2725-2730.

21 SRA B B A A A AL B O R R 2 R AR O R R

275 ,2003,7(5) :261-262.

Ma C S,Chen X.Manage acute cardiac tamponade actively and careful—

ly[J].Chinese Journal of Cardiac Arrhythmias,2003,7(5):261-262.
(s AL )



