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E: BN Ao B FTREE(DTC) ¥R E A B REREAR(KRAS) RE R BETEFHSCEARR
RAB(BRAF) A K R L5 VA48T a6 X, Fik ®BBKE 201053 A—2015F6 A TRREZT
R A DR R B ARG AT A& T 89 219 46] DTC & & 6906 5K 54 o R 22 20 U R AR B 5 4 DA 06 77 49
F N o A AR R A g PR AL AR P KRAS A BRAFY S K £ B H L, R #5845 9 |
AR IE B R E (FTC) A B RS 21 cm ¢9 B F W) 25 & THRA, £ F A %4 5 & L (P<0.05) .
KRAS & B % % /£ FTC W & & 45 % ,BRAF™ " L B £ T £ TIRIEIL KRB (PTC) b & & F45 5 ; b9 ,KRAS =
BRAF'“UA B R EH L REM B R K EZE AJCC TNM 58 Gk E 2 545 IRIMZIC B A BB BB R DA X
(P<0.05), @521 KRASFe BRAF" A R L9 L A R L F G THEM(P<0.05), Fib=45% HH)M>1 cm,
KRAS A= BRAF™ " A B % %% DTC & VA5G 7 &t % 69 3k 2 F0m B & (P<0.05) . a3 4055 £ 5 & 25T
R KRASEEABESFABFELERTHANES BRAF "R X AR ESFAFEFRERTHARER
i Z L KRAS.BRAFV™ R B A B H 55 4 AR I EFMTFHARNE L, ZF A% T FEL(P<0.05), &
1 KRASEHABRAFS AR R T2 FHDTC EH VMG T2k G R &, Bt &30 et m A
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FESES. R736.1 XEHRIREG: A

Relationship between KRAS and BRAFY"" gene mutations and "'l
radiotherapy tolerance in differentiated thyroid carcinoma

ZHANG Yi', YANG Lei", LEI Xuefen’, LI Hongxun', WANG Lijuan’
(" Nuclear Medicine Department, > Oncology Department, the Second Affiliated Hospital of Kunming Medical University, Kun-
ming, Yunnan, 650101, China)

Abstract: Objective To investigate the correlation of 'l radiotherapy tolerance with mutations of Kirsten rat sarcoma
viral oncogene (KRAS) and v-raf murine sarcoma viral oncogene homolog B (BRAF) genes in differentiated thyroid cancer
(DTC). Methods The clinical data and pathological tissue samples of 219 patients with DTC who received total thyroidectomy
and postoperative "*'I radiotherapy in our hospital between March 2010 and June 2015 were collected retrospectively. Pa-
tients were divided into the tolerant group and the sensitive group according to their tolerance to "'l radiotherapy. KRAS
and BRAF'* mutations of the pathological tissue samples were detected. Results The proportion of patients with age=45
years, follicular thyroid carcinoma (FTC), distant metastasis and metastatic lesion = 1 c¢m in the tolerant group was higher
than that of the sensitive group (P<0.05). KRAS mutation had a high incidence in FTC, while BRAF'*** mutation had a
high incidence in papillary thyroid carcinoma (PTC). In addition, both KRAS and BRAFY** mutation were associated with
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the largest diameter of primary tumor, AJCC TNM stage, lymph node metastasis, extraglandular invasion, distant metastasis and

the size of metastatic lesions (P<0.05). The incidence of KRAS and BRAFY®* mutations in the tolerant group was higher

than that in the sensitive group, with statistically significant differences (P<0.05). Age > 45 years, the size of metastatic le-

sion > 1 cm, KRAS or BRAFY** mutation were independent predictors of "*'l radiotherapy tolerance in DTC patients (P<

0.05). The 5—year survival rate was lower respectively in the tolerant group, KRAS mutation group, BRA

FY9°" muta-

tion group, subgroup with KRAS mutation in tolerant group and subgroup with BRAF**** mutation in tolerant group (P

<0.05). Conclusion KRAS gene and BRAF'®* gene mutation were independent risk factors for "*'I radiotherapy tolerance

in patients with DTC, and had important significance for the prognosis assessment of patients with DTC.
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FHOBR B 2L 3k R 988 (papillary thyroid carcinoma,
PTC) 1 B R Jif 38 93 R 98 (follicular thyroid carcino-
ma, FTC) 50 44k 5 H R Bt 93 (differentiated thy-
roid carcinoma, DTC) , £ HU R B9 1 29 15 95%. )&
B DTC B A5 (FCE AR AR s e e 2k |
AR A, R, SRR o F A T 2 VS AL TR )
BRI AT URCRR ST LR HUIR B B B A 7 ik
KR A EAF I T0US o SR, Wi R ¢ BRAS ] 28 25 b
Je ) S TP S B0 TR T BURCRA BT AN a] 2
FIRE RN S M . AR BER T R, 29 57.4% 11
DTC 8 A77E Kirsten K BRLIA IR 25 £ 81 (Kirsten
rat sarcoma viral oncogene, KRAS) %A%, HiZ R A A
FIFHUF" s 29 45% (1 PTC 2835 A7 78 B AR vk it
P 5 T B0 L X 8] P54 B (v—raf murine sarcoma vi-
ral oncogene homolog B, BRAF) %74 , Hiz %4 5H
AR A B R BT . BT, A K KRAS,
BRAF**" 275 5 DTC B H AR5 TR i 32 4
KA MBI D WHAAAEF L I, A58
R F AR YIER DTC 2H 21 KRAS | BRAFY*" 5t
IS B, BRI H S SRR T i 32 1

1 #AREHZE

11 IEARZTER WP 2010 4F 3 A —2015 48
6 H T3 Be 1252 HUAR IR 2 VIBR AR SR S5 17 'S
TRYT B 219 6 DTC HB 3 1 11 R 9% Ak R B4 408
Ao NN : O BE Y Wk B R Z
A AHIRIT s @I LR 2= A LUk B K A ff 12
S DTC; @A LURA Y T A T ZH5R RIAAE;@
Z: HECHUR IR 25 Ao AL B IR IR g i2 R F8 )
RJGHA “UBESHATT BERE ; &JC AR BRAH S BR
S, SR R A A A e] BRI 2R A G 25 s © REAE TG
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FLe 2 R s 5 QO PR D3 9 BE 58 38 A & AR F
FPTT AR AT H DL o3 nl SER BT IE 5% s @8
FF @B R HebRbRE : OiFy7 i
Hh B AT BRSO T (A Ak, DA UK B
TG RRE R s 7 W AR T % W 2 5 5 AT U 1 5
U DS I N 1 T 7 e S L (0 AR
Rttt o

12 FRARX I EE Sz RS TIBRAR .
SR O RMO, 4 B RS AT AU I 4, SR iR
JE AL Sk S5 A, 20 R TS A . TR
TR Jok 0 BRAE — DI LTI 10, 250 iy JULARE A g 91 7L 2
JULTE B85, 7043 % 58 HOIR IR AL 2L, 43 1 - T P AR iR
BB I R R B DD b i A S AT A L,
8 FE IR AR BT FAR 55 B, e FEAR IR b P A R
AIZEFL BT Bk S rh R I 0T o6 4 gk 8 FOR RS
FEN, XoF 0 3R 4 22 R AT 4R 0 R AR, S8 B B
FER IR S e , TR DI B 2 208 R R A . T IX
SRR ELES R BT, B IR I B E SR, B
JREER

1.3 MIHSHET  ARE LA W, DAY IR EE
RBER £, 2 A2 HUIR AR IER >30 pIU-mL™, ke ]
iz UL 45 245 ) B 5 WL R ), O R AT A A
LB S . O AR R B4 L1 TR, K7
JUJE B2 ORI I 5 5 PR AR AT DL 7 i 290 VS 0 3 B
TG Jry 6 53z A e B 5 v Y S 4 B I 1Rk R B
ARBR IR LAAN 0 B, ¥ )8 TR /& DTC #2347
G, — Mz R IR () AR B IR VA T
(R v A% g 3 [ 47 28 B 0 A PR 2 ], [ 2 o
H10983121) , % & 1.11~3.7 GBq(30~100 mCi) . @
JifrJed o 42 28 R A 1 2 2R | ORIl A5 1R AL s W1k T
NEE LN A 2 R N Y E € AR )
SERERS o T G 4 B R AR R A SR O M AR
W B DTC B . AT FR IR S35 50 5 IR
A UL IR (R0 JE P A AU B B 5 AT S AL 5 R 5 iR
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AR GEREAIBRITATFE A ;5 1038 H R AR ER 2 11 (thyroglob-
ulin, Tg) 7KF-AE 4 HUR MR VI BR J5 58 = , WS F &
fEDTC B . . EEDIC BE PIHIE N 3.7~74
GBq(100~200 mCi) . 1JEJE1T4 5 BARK A, "1k
I7IE 3 AR IR A e ORI = 3 M H e i & 45
o HEIRYT RS R SRR AT PR 3~ 124> H AT
BIT -

1.4 IREHETHZEN AL VTSR R
34 AAREERS (B K ol kg R DTC B 2, LA
T HER 2 — BTk BRI 27 HUR AR RS
[ DTC %% 7% kb AN 45 UL 5 AT $8 W13 77 58 7 o AT
FE PRI G 8 R R BUOT R AR T G 4
DTC % # kb ] DU, e R kb A g s R 5%
KEFRRLAE S A R A S . TR T R
AL LR P ARG DL . OB UG IT R 34 H L, & 8
AR RN SEAR 2R A R [ R R RV R Lk 4000 2k il i
TeFFEE<2 ng-mL ™" AIG A ; @ & k46 /N R ki
/N HAECR D T BRI 4% .

1.5 KRAS #1 BRAF"* E FE =24 % Ak
| & MagMAX™-96 DNA Multi-Sample Kit (Invitro-
gen™, §245 4413021) , 4% Fe BE UG E] PRI DTC 41
ZUREA LR 2 DNA , 48 ND-8000 # i3 7306t
FEFHIE AR UIE 1.7<0D,q, / OD,,<2.1 H 4 JE & 5% Ny
100 ng* pL™'o KM PCR i G0 & (VLR Bl , 925
KGA1341) 43 54 1% KRAS Fll BRAFY " 3L [K] , KRAS
519 F i : 5'~-GGCTGCAAAATGACTGA-3", Fiiff
5'-GTCCTGCACCAGTAATATGC-3" ; BRAF ™ 5| 4]
b % : 5'-TAAACTCTTCATAATGCTTGCTC-3' ,
I : 5'~AGCCTCAATTCTTACCATCCAC-3", ¥ PCR
TR AT B E IS FRL UK , >R FH PCR ™= R DNA
Bl iR & (VLI 3E , 525 KGA2850) /™ 4% 2 i
VLI AT Al AR S, o ED ) PCR ™= ik 2 L1
AT

1.6 EARFNFEY BRI EE 38 o BB T AR M
S A DL R i S S B IR ROk . A5G R
9 11 A2 A Rk L IR BT R Bk RS
M ERRERE BT S B E T E 54
Bt 7 Bsf (B 25 0K, 2 A5 [ 98 00 K 5 23 B 2 FPIR IR
e o W A 8 (55 7 WO 647531

1.7 Sit=ZEHiE R SPSS 16.0 it 245k ki 7
BAE Ao BRI (%) 3Rk R Y R
DTC 8835 PR R YT T 52 ()52 0 [ 25 R H Logistic
2[R 2% 101 5 43 B 5 20 8] A= A7 58 bR T GraphPad

Prism %14 1) Log—rank (Mantel-Cox ) 5 5 , Kaplan—
Meier 242 £ 26 . DL P<0.05 F#n2Z R BA51T

2 H#R

2.1 AT S A 0 R A 2B B Y I R R B
AR AR ECE X ORI T 3218 4 R
i 52 4 RN ARURRZE o A AR T ) D e e e R
FL# L AJCC TNM 73 11 ik B2 45 5% % MR MR AU LE
B, ERY LG #E L (P>0.05) . it Z414E 1>
45% FTC GEFEFE R kt>1 em JRITIRE2 1K
B 7 s [] <3 A 9 R 3 EL )35 (8 2 o T R A, 22
SA G E L (P<0.05) (£ 1),

2.2 KRAS.BRAF'““EFERITEIFIEFF AR BEK
IR IEF 4 ME  KRAS, BRAFY™ JE [K] 28 75 KAl
P AR R AR MBI A, Z R RS TR
X (P>0.05) . KRAS %E K R A FE FTC &k A R
F, BRAFYF S [ 28 A8 78 PTC Hr & A2 R A i 5 LAh,
KRAS Fll BRAF"" J PX] 58 45 34 5 i 2 Jifr 92 e K L
£ (AJCC TNM 433 MR EL 556 RS IRAMZ AN G AbB%
B BB kE KN IR T IR BN Bl VT B TR G (P<
0.05)(%2),

2.3 ML R fr it 5% 4H 0 Y B 4H B & KRAS.,
BRAFVERERTIER 24 KRASIHERF A K
He 3N 85.29% UL N 43.71%, Tiit 5% 2H BRAF V6"
FE R 948 e A 28R 91.18% BURSAH H 29.14% , 25 5+
YA G228 L (P<0.05)(£3).

24 DTC EE M EE Tt = 8% E &5
BT I AR B S BUVE o | S s R AT B . 4R
5245 % =1,<45 % =0; 1450 : B =1, Z=0; fRHZE A .
FTC=1,PTC=0; il & I i K A% : >4 em=1,<4 cm=0;
AJCC TNM 730 : -V =1 T - Il #=0; k2 555
=1, 5 =0; IRAMRIL  J&=1, FH=0; im b 55 . &
=1, 75 =0; ¥ F kK /N 21 em=1, <1 em=0; IR IT IR
B >2 =1, <2 ¥k =0; BTN [A] =3 4E =1, <3 4 =0;
KRAS L RAE  J&=1, %5=0; BRAF " B[R 245 . Ji=
1, 85=0, DL THUSHEIT I 32 4E 8 A 5, Logistic 2
K2 M8 s, Sl =45 % k=1 em JBTF
YR >2 YR B 7 I ] <3 4F L KRAS 3 [H %8 78
BRAFY" JE [ 28 45 & DTC 83 TSR Y7 it 52 /4
37 P R 2 (P<0.05) (% 4) .

2.5 KRAS.BRAF“™™ 3} DTC &2 & M ¥ )5 I &
219 5 DTC (3 B 54E B AATF %N 81.74% , Horr 4
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Tab. 1 Clinicopathological characteristics of patients in the "'l radiotherapy tolerant group and the sensitive group

Il I S0 f5i1% 4L (n=151) i} 32 41 (n=68 ) X P

AR % 9.999 0.002
>45 130 79(52.32) 51(75.00)
<45 89 72(47.68) 17(25.00)

PES 0.230 0.632
5 66 44(29.14) 22(32.35)
‘8 153 107(70.86) 46(67.65)

i B A 10.589 0.001
PTC 166 124(82.12) 42(61.76)
FTC 53 27(17.88) 26(38.24)

J R e fe K B AR fem 2.648 0.104
>4 32 26(17.22) 6(8.82)
<4 187 125(82.78) 62(91.18)

AJCC TNM 4348 1.204 0.272
I-1 120 79(52.32) 41(60.29)
- 99 72(47.68) 27(39.71)

NS 52 0.017 0.898
= 127 88(58.28) 39(57.35)
w 92 63(41.72) 29(42.65)

PRAMZAL 0.091 0.763
= 145 99(65.56) 46(67.65)
1 74 52(34.44) 22(32.35)

AR 125.085 0.000
2 69 12(7.95) 57(83.82)
w 150 139(92.05) 11(16.18)

ALK N em 48.643 0.000
>1 65 23(15.23) 42(61.76)
<1 154 128(84.77) 26(38.24)

IRITUEL 88.310 0.000
>2 73 20(13.25) 53(77.94)
<2 146 131(86.75) 15(22.06)

B 17 5k 1] /4 7.717 0.005
>3 205 146(96.69) 59(86.76)
<3 14 5(3.31) 9(13.24)

JRAH B H S AR AR RN 90.07%, TH 5% 4 H R

63.24%, % 5 A Gi it B XL (¥’=13.763, P=0.000) ;
KRAS B A= BB 5 4R A A7 580N 88.42% , /BRI
H76.61%, 2 574 Gt E X (¥'=5.024, P=0.025) ;
BRAFY B A TR 8 5 AR A 756 87.61% , 878 T 1L
FHHT547% , 25 A Gt 55 X (}=5.399,P=0.020) ,

-7 -

R AT KRAS B7 A4 70 R 3 S AR A A7 350 100% , 58735
R H N 96.97%; i 32 41 KRAS BF A= 8 H % 5 4 F
TEHN 80% , 5E7E R 5 37.93%, ST =4l 1L,
Z 55 E L (}=103.823, P=0.000) , fif
41 BRAF 8 BF A= 8 (8 35 5 4F A 17 R 0 100% , 2278
AR R 97.73%; T 52 41 BRAFY" B A= Al H 35 Ry
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£2 KRAS.BRAFVWIKF %% fodk % % % 69 16 FRom 22 5 4 42 6] (%)

Tab. 2 Clinicopathological features of KRAS and BRAF*"* gene mutation and non—mutation patients [n (%)]

MRS b _RIAS _ BRAFTE
PR (n=95) RAEM (n=124) X P HpER(n=113) KA (n=106) X P
AU 0.012 0913 0.065 0.800
>45 % 130 56(58.95) 74(59.68) 68(60.18) 62(58.49)
<45 % 89 39(41.05) 50(40.32) 45(39.82) 44(41.51)
53] 0.035 0.851 0.000 0.987
5 66 28(29.47) 38(30.65) 34(30.09) 32(30.19)
5’8 153 67(70.53) 86(69.35) 79(69.91) 74(69.81)
g B ARY 10.116 0.001 9.287 0.002
PTC 166 82(86.32) 84(67.74) 76(67.26) 90(84.91)
FTC 53 13(13.68) 40(32.26) 37(32.74) 16(15.09)
Dk IR e K ELAR 11.753 0.001 16.191 0.000
>4 cm 32 5(5.26) 27(21.77) 6(5.31) 26(24.53)
<4 cm 187  90(94.74) 97(78.23) 107(94.69) 80(75.47)
AJCC TNM 4348 62.882 0.000 39.327 0.000
I-1 120 81(85.26) 39(31.45) 85(75.22) 35(33.02)
m-1v 99 14(14.74) 85(68.55) 28(24.78) 71(66.98)
S5 S 73.769 0.000 61.087 0.000
= 127  24(25.26) 103(83.06) 37(32.74) 90(84.91)
i 92 71(74.74) 21(16.94) 76(67.26) 16(15.09)
JRAMEAL 79.340 0.000 42.548 0.000
e 145 32(33.68) 113(91.13) 52(46.02) 93(87.74)
w 74 63(66.32) 11(8.87) 61(53.98) 13(12.26)
LA F 37.744 0.000 47.199 0.000
= 69 9(9.47) 60(48.39) 12(10.62) 57(53.77)
w 150  86(90.53) 64(51.61) 101(89.38) 49(46.23)
R kRN 43.885 0.000 44.502 0.000
>1 cm 65 6(6.32) 59(47.58) 11(9.73) 54(50.94)
<1 cm 154 89(93.68) 65(52.42) 102(90.27) 52(49.06)
TRITUREL 29.150 0.000 38.624 0.000
>29K 73 13(13.68) 60(48.39) 16(14.16) 57(53.77)
<2 146 82(86.32) 64(51.61) 97(85.84) 49(46.23)
Fiti 177 Fisf 1] 5.154 0.023 5.451 0.020
>34F 205 93(97.89) 112(90.32) 110(97.35) 95(89.62)
<B4 14 2(2.11) 12(9.68) 3(2.65) 11(10.38)

A3 VARG T A% 4 e U AR KRAS BRAFV R B 69 R &

B 0L (%))

Tab. 3 KRAS and BRAF*"* gene mutations in the tolerant group and the sensitive group [n (%
g group grour

- KRAS BRAFY®®*
5 W (n=95) RASR (n=124) A (n=113) RAS (n=106)
HURAH (n=151) 85(56.29) 66(43.71) 107(70.86) 44(29.14)
ffit 52 2H (n=68 ) 10(14.71) 58(85.29) 6(8.82) 62(91.18)
r 33.012 72.253
P 0.000 0.000
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FoA4 PSS IT A 0% R B AT
Tab. 4 Analysis of influencing factors of "*'I radiotherapy tolerance

Al B SE Wald P OR 95% CI
A 0.957 0.836 2719 0.012 2.329 1.208~3.745
PE5 0.692 0.471 1.685 0.173 1.762 0.425~2.187
g B S A 1.146 0.729 2322 0.081 1.358 0.263~2.749
J R e e K ELAR 1.752 0.863 3.598 0.324 2.434 0.548~3.672
AJCC TNM 4348 0.815 0.642 2.153 0.167 1.526 0.975~2.183
N5 4 0.736 0.557 1.479 0.256 1.319 0.638~1.965
BRAMEAL 1.245 0.992 1.628 0.091 2.285 0.214~4.036
AL H 1.196 0.739 2.542 0.083 1.356 0.263~2.749
L2 2NN 1.672 1.258 2.431 0.008 3.025 2.816~4.594
TBITIREL 1.835 3.047 1.692 0.013 2.536 1.439~3.768
Fiti 15 st [i1) -0.936 1.261 2.038 0.022 0.625 0.163~0.947
KRAS 3 [H 2875 2.748 2.535 3.916 0.001 2.804 1.541~4.625
BRAFYOF JL K 5848 3.534 2.976 4.285 0.000 4363 2.806~5.519

83.33%, 2RI R Ky 38.71% , ST = LM LL, 225
Pt gt 38 L (x'=108.340, P=0.000) (] 1),

3 itig

FUHT, 257 A [R50 & 19 OB 72 e DTC
BAEARJF I EEZRIT I PTAMATEBR T AR SR
B MR 4120, 30 RET BREE RO AL, B B AE A E A 0
kLI BEFT T BG YT o ST R & B, A0 DTC &
HOR PRGSO R R, B R A 2 A . AR
W) A D S S M R R A8 TS A B A
Ro AWFEER BN,V URSNAITI Z 4 >45 2 1Y
S OB v TR, 5 R SR — B

R FB A TR A0 R A | o P R AR |
T (A AL T 5 56 BT 05 5% 1 18 2 R 27 B
JIHEE URCIHR YT BB R . Ok 2 BT R
BN, 2RI T 28 DTC B E B TR
AR HAT A 249 23% B B E B ab fE R Horp
2y 173 1 B R YR PE DTC B0 Rt dm Ak
5 DTC B8 38 & Az it 52 () ML i Bk 0 4 >k
AP TR AP L AE DTC Y 9 o L g 3128 781
H, PTC 2 DWAH LA e B 321K, FTC B/ DR B2
O Kk R, HOG R . W £,
DTC F BRI S8 b e Bt R Ik R/ V&5 '
AR T RO B R R AR I 45 e T

100 100 B, 100
80 sof ' sof
§: 60 § 60 f S; 60}
L S 5 A0F L xrasspam £ 4Or _ prapersps
20+ — sz 20F — KRASRAE! 20F —— BRAFVOEZRAR Y
0 12 24 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60
1A/ H 1A/ H 1A/ A
100 100 “T%W
80 80 - ; - !
°\\° 60 §
{é@{' [~ ﬁ&!i’?éﬂKRASETEE:” 'Fﬂ' 60 -_._ @JE‘ZQEBRAFVGOOEE/_:EEE
§ 40— BUBMIKRAS R £ 40t~ mumaBrARn e
20 b= T SZAKRASEF LR 20 p— it ZHBRAFVOegT A 7
= ﬂﬁ?éﬂKl}AS%ﬂ:Eﬂ ) ) e ﬁﬁf%iﬂBRAFvso"E%’Ei%
0 12 24 36 48 60 0 12 24 36 48 60
1A/ H 1A/ H
1 KRAS.BRAFY®' 3t DTC & # th 7 5 18
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Fig. 1

Prognostic value of KRAS and BRAFYF for DTC patients
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FRS5IE . ST AL I AR B RS AL AN Ok o A AR
B B M RE & A R AT PR, v SRR fiE
FEAREL Bk s FTC A B 5 R AR e hb e 7%, HLAT 73
S BLFTC 40 i v g g ) 17 5% 32 1K (sodium iodide
symporter, NIS) A 7K V- W] i FEA , ) 5 BOHL 4%
ST B )T G B A% R B e AN D 1) 1 5 e
18, R & A R UE N2 SRR
e SR AT IR

JE IR BE N KRAS J2 SIS PR RIS [ (rat sar-
coma viral oncogene, RAS) F& K Z % il it 2 —
1M BRAF PR H R i SR T K . A i
£ DTC 1, KRAS %715 32 %8 5 38 1 45 14 ¢ R % U
PRI KRAS E FTC 548 R W i 3 T PTC, 1] PTC
r U U Y iR KRAS 58 78 % T H A S A
BRAFY ™ GAR M 2R A TR MR PTC Y A
A B 5T 0] BE A AIE 58 0 B a0 A bR 1 19 22 S 5 3L
KRAS  BRAFY*" 545 7¢ DTC. ¥ v 38 24 Y v () e
o LA i 22 5 BAE RN S BaARaE — 2. BFS
FHT,RAS VHUIN BT 2 AR (rapidly accelerated fi-
brosarcoma, RAF) | 22 24 {5 A0 5 34 0 234 (mito-
gen—activated protein kinase kinase, MEK) , 22 245G
1t ¥ B (mitogen—activated protein kinase,
MAPK) L) Kz oAM= 5 V835 14 i (extracellular signal—
regulated kinase, ERK) {55 i & DTC fx F 2 A9 A&
AEBLEN . KRAS BRAFY )& T [ ik %,
B GBI 2O bR B, S BN R S Y
BB AR R AR YR AT . R BRAE D HE AR
KRAS H K] 5745 5 VAR B g AR FROK a4k il 7
RAC I R . Arnold SE S R B, 45 H.
AR T KRAS G748 B e 3 4 1) XK W i iy 1 BB
AL, — TG T DTC B9 Meta 73 #7 45 5 7R
BRAF""" 5L PR 58748 5 e R 733 bk L 45 56 7% 1 35 AH
SR — TR v SRR A Y ] J A 43 A O
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