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[ ZE] & 49577 KRAS FE R RA5 57046 71 HUIR Aifye (differentiated thyroid carcinoma, DTC) ™' JUT I7 RO FUm IO AH <1,
B ATRERINLAE] . 2 i AR PG YT DTC IR PRALGUREAS , T & B I N - B4 #4 % 43 T i (single strand conformation
polymorphism analysis of polymerase chain reaction products, PCR-SSCP) 6 Jll KRAS ] i% 4% 9845 ; K F qPCR 1 Wb £ p21 85 H
IR K 5 T A= 1 G YT DTC 4iM &R, >R CCK-8 it SRAN A A (FCMD « Transwell S 3645 I 21 Ha v 77 (122 4%, , 38
BB IE. 4 F ISR IT N % DTC 834 1) KRAS JE K RAZ N (P<0.01) , KRAS FEH R A4F 38 p21 &R H & 1L TR
(P<0.05), H.5 DTC IIfii /K 43 31 B T3 i 58 22 AH G (P<0.05, P<0.01) o A P4 41 S50 AIF B , W ERBE 77 8 14 U VR 97 5 30 DTC 4i
KRAS H:[H (1) 575 2 30 I\ p2 1 2 IR KT BRI, T3 DTC A =28 SUBURT 52 , 1 3018 KRAS F5 [F 0 3 52 5 p21 fIRIX
T R K KRS . £E e  KRAS FEIR 58725 55 DTC I PR 23 1 B LU iR 52 A0 5%, TSR A T DTC {28 KRAS 3
FRAG =L TR 52, T I8 KRAS JE R BB 42 55 DTC X P VR TT BRI
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Correlation between KRAS gene mutation and DTC resistance to “'I radiotherapy
and prognosis

FENG Zhiping, CHEN Fukun, YANG Chuanzhou, CHEN Ting, ZHU Jialun, LIU Chao, LV Juan, LU Jianmei, DENG Zhiyong (Depart-
ment of Nuclear Medicine, the Third Affiliated Hospital of Kunming Medical University also known as Cancer Hospital of Yunnan

Province, Kunming 650118, Yunnan, China)

[Abstract] Objective: To investigate the correlation between KRAS gene mutation and differentiated thyroid carcinoma (DTC) treat-
ment effect and prognosis, and to explore the mechanism. Methods: Clinical tissue samples from DTC patients undergoing 'l Radio-
therapy were collected. Then single strand conformation polymorphism analysis of polymerase chain reaction products (PCRC-SSCP)
was used to detect KRAS mutation rate in thyroid cancer patients of different TNM stages; p21 protein expression level was detected by
real-time quantitative polymerase chain reaction (QPCR) and western blotting. DTC cells were treated by sub-lethal dose of "'l Radio-
therapy, and then CCK-8 assay, transwell assay and flow cytometry (FCM) were used to evaluate the changes of cells viability. Animal
models were then constructed for verification. Results: The results showed that KRAS gene mutants were increased in "*'I-resistant
DTC patients; KRAS gene mutation suppressed p21 protein expression and was associated with clinical stage and poor prognosis. /n vi-
vo and in vitro experiments proved that sub-lethal dose of "'l increased KRAS gene mutation rate, suppressed p21 expression level, and
caused "'l radiotherapy resistance. Reversely, over-expression of KRAS gene could significantly increase p21 expression, and inhibit tu-
mor proliferation and metastasis. Conclusion: KRAS gene mutations were associated with DTC TNM stages and "'l resistance in DTC
patients. Sub-lethal dose of "*'I treatment could improve “'I resistance in DTC cells line, inversely, over-expressed KRAS gene could in-
crease the sensitivity to "'l radiotherapy in DTC patients.
[Key words] differentiated thyroid carcinoma; "'l radiation therapy; KRAS gene; mutant; radiotherapy resistant
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TBIT I 52 o KRAS A2 — Pl 5008 5L 8], Be % i i g b
p21 A AR T . KRAS HE R 5 A%
IR 1R R A R R R B DI A R ) RO R AR
T 52 14 A iR 2 0 fE AH 90, 57.4% B DTC ¥ BB % N
KRAS 45, 3 H KRAS ()54 5 DTC &5 I HUG
AU, H AT AR A KRAS 2 K 28748 5 g 241
LK LR VR 9T R AR T 52 1 OC R ARGE . PLIB
TBIT RE e I B IR A B R R 25 A L 5 S R IR TR
ST RE™ T p21 d H WA R IE 5 T80T 35 - 1 4 i )
ToAH O, FLTh e s 2k 2 5 040 M o 186 7 AR T 2k
il JeF DL A, KRAS 25 [H 98 A48 AT i 4
Fp21 FE AN SR T Thae e 2k, i ) B
TR A T R R A R TS SRR AR S
KRAS ZAZ ) DTC 3 % U 67 7= A i 52
fifi B PR AR E TG o A TR B HEAT S2 56 56
ik, DUH S48 DTC %l J5 4> 7 #5 &, 8 DTC¥6 97 42
B ) L

1 ARSHH

1.1 &EHTA

HEHL 2017 4E 1 H %2017 4F 12 H 1E R W EERFK
FEEWEER S U BT I DTC &34 72
o], A BN VR T RO Y R 3T ), SO
BTS2 ) B 35 . & ad MYE PR IT R 1Y
H R R R a2 s kb 3 B i DTC &
FFE BLR 26 M 2 — N H O BB IR 9T I %
(1) i 983 240 230 B8 % 7% 0 bk AN B CHE 3 R Xh )5
()8 2 W M BRI M T A S B R KB RDIR
JI PR DL A e Bl 45 B 5 (2) 85 2 5 AR 9 A P
BT I B W SRR 77 5 (3D PR YT JE AR 4
o Ak TR AL, 3B 43 9 Ak A SR (40 R E e M AE AR
EE B, H 22 YR T a4 Ik 2 . TNM 43
/LA 41 61 S TI/IV BA 31 451, 55 4 38 1] 2 % 34 # 5
RS 45~78 5, AL AR 61 % o T AR TR HUIR AR
S5 2H 23 R Xt N 1) 98 55 20 2T — 80CC UK AR ¥4 Uk AR A7
S BTA B AR FT R Z H AL BT, 3%
i A
1.2 @R F 22X 5 5085

A DTC 4ilfft % TPC-1.K1 FI BCPAP 1§ 3 L iff
Hh [ R 2 B 4 L, 43 nll FH 5 10% 16 4 135 + 100
U/ml 7 % 2 M1 100 pg/ml £ 55 2 ) DMEM £ 9% 3L 78
37 °C5% CO, 15 77 f8 A& 85 3% , F7 F g0 A KT
451 80% B, FH 0.25% At v 4k, , S SE 200 2% FH o

U i 52 20 RS R 2 T K FRODR e 4 B R
Tl T 6 FLAR , 45 T F S 10 2 BB S 10 P AR BE < 1.0~
2.2 mCi/fL i 7 & 4 # TPC-1 2 K1 40 fil, 0.5~1.1

mCi/fL 7 & 4b # BCPAP 4 fitd ; 1F % £ R 228 101K,
RIRT3RAF 1= 52 FEOBR e 40 B A A

JifA- 137 .\ DMEM 5538 0.25% [ TRIzol 15
Lipofectamine™2000 3JJ4 H Invitrogen A & , %A p21
PUARIE H Abcam /A7) , CCK-8 il &I H Z K FE A H
£ D) RE B FRAX (SynergyTM2) Il H BioTek /A 7] , ABI
PRISM 7500 47 52 5 PCR ™ #4431 F Thermo A #] ,
b2 R A H BD A 7], KRAS 5 K I 2 0k % 4
pcDNA3.1 KRAS K F - 58 Sl S S - BB AL 5 70 #r
1% (single strand conformation polymorphism analysis of
polymerase chain reaction products , PCR-SSCP) &l [f]
S b LR T A R
1.3 PCR-SSCP #: | DTC #4842  KRAS A B ® & %

ISR B e PR br A< BT[] 5 W, 1EAT AL 24
PEHCAE D) 440N DNA, 28U 725 58 4 1% TR AR 77
UL IEAT R U/ 2 Y DNA B T — 80 °CYK
FrP R . =8 NCBI 45 15 b 3 K 5 41,
R A W R A7 AR ¥ TE IF A R KRAS 5191541
KRAS #5141 (F) : 5" -GGCTGCAAAATGACTGA-
37 ; KRAS T 51 % (R) : 5" -GTCCTGCACCAGTA-
ATATGC-3" . #4T PCR % M., ]2 B 2 1 M : 95 °C
305,95°C 15,58 °C 30 s, 72 °C 90 s, #4735 /4
PR, 72 °C 7 mino KA 1% B 5 R 5 Jie HEL 9K A%
I KRAS 5 B (1) 5 A48 55 B, R FH B g A
W 3%, Image J B3 BT A BEAE , 11528 R AR G 3Rk

=]

EHo
1.4 qPCR #:M) DTC #=7% 5% 2842 F p21 mRNA &9 & &
fifi Fi§ TRIzol iR 71| #2 HX DTC i 2 £ e 55 4 4k
AT A RNA . I 5E AL RNA IR K 4l )i, i
el ) S A B cDNA, B T —80°CUK AR ¥4 1%
RA7% H . UL GAPDHE AN Z,qPCR 51 W3 1.
9t E & PCRYIG Ak Il p21 mRNA K15 K-,
AR FR Je %% AF 2 2x SYBR Premix 10 pl, 0.8 pl
ddH:O, 1 pl cDNA, PCR | i F1 T i 51 #) % 0.5 ul,
95°C T AZ 14 30 5,95°C 20 s,60°C 30 s, 3 40 MEIF
KA 222 LR AR Rk &, AR 3 A
S, LR EE 3K

#*1¢PCR5|¥F75
Tab.1 Primer sequences for gPCR

Gene Primer

p21 F 5'-AGCTGTTAACATCGGTGCCCTCT-3'
R 5-TGCACACGCCAGGATTGCAGGGTTCA-3'

GAPDH F 5'-GTCCACCCCAAATGCTCTA-3'
R 5-TGCTGTCACCTTCACCGTTC-3'
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1.5 Wb A& M| DTC 4842 '] @t % Fe 4k & TCP-1 4@ i
p21 & G R LA K-F

87 FH RIPA 2 it SR A8 00 52 HC UK i s 55 2H 27
FEA e TN 52 J P TEUS TCP-1 4l 5 25 1, BCA 7k
Rl 2 (W E . 8%SDS-PAGE 73 &8 1, 2 T Hik
¥ 5| A 2 PVDF I, 12 N 5% it g %) v = 5 34 1]
2 ho TBST ¥ 3 K, I A$T 4k p21 (121 000) Al
GAPDH (1:1 000) ,4°C ¥ & &t % , Ik H #% % —
P, TBST ¥ i 3 V&, I\ HRP Fxic 1 5 BT e =Pt
(1:10 000D, =W E 1 he N ECL K, F
FH % 1% 2 4t (55 1 Bio-Rad 24 &) WL %2 4K 11 4%
T, K A Image J AR AT K E o dr HFiE B E A
FHXTFRIL &

1.6 KRAS it % ik TCP-1 %0 feL A% &) 64 44 32 VA R CCK-
8 kAR 4w fien 38 74 7%

A0 T 5 B A K S 32 e ARG TCP-1 40 il
3R 6 FLAR H , BEFL 2x 10044, B T 37 °C,
5%CO. 3 F2 48 1 77, 40 BRI A FE A 70%~80% I itk
AT s o IR UL B 54 5% 4P pcDNA3.1 KRAS 5
Lipofectamine™2000 & & J& ¥ 44411 48 h 2 J& . K H
qPCR RGN L YL 3R, Wh K 45 2H p21 & [ [ 3Rk K
o R G4 i LA 100 pl/AL (2 1x10*AN40 i) BT
96 FLAR H , SR F LU R T O R U AR R 1.0 ~
2.2 mCi/AL) , 43 5 F 0.24.48.72.96 h J& [ EEFLINA
10 pl CCK-8, 4k£L 0% & 4 h Ji5 1 H B br A0 72 450 nm
WK N (DA
1.7 R X R4 i$ & ik KRAS *F TCP-1 2m i /8
TH ¥R

2 U IR 9T B G JE AN TR 2H B A2
JE TCP-1 41 it 4% 4 1% 9% 6 h, 0.25% 1) g 8 1L , PBS
TE R 3 U, RN M 2 B O 1% 104 /ml, 1) i =X DU
E R IIN 100 pd ()48 B 230, 7 5 I PLAT Annexin
VRl BRERIR AT, SR A 15 min, KA R 4H
SRS 00 2 0 12 50
1.8 Transwell 1% % 5= 346 ] if & iX KRAS %+ TCP-1
oL A% A8 7] 69 %o

915 H Matrigel i £0. 4% transwell /N2 i, 7]
ANNE PRI 50 pl &5 10 g/L BSA BTG L5 1% 77 3,
37 °CH¥ & 30 min. P55 5L 11 TIN5 A 88U TCP-1
21 i i 1 9 A JS U, R A R FE D 5% 10° cells/
ml, [ _EJZ/NE N 200 wl 40 23, K 2 0\ 400
w7 10% 6 4 L35 1 58 4 3 77 0k, H P RURE 9T 4
FRANM . K597 24 h )5 35 K597 3L, PBS ¥ 2 3, {5
MR A LML B Z . 4% 2 58 VA TR
[ 52 30 min, PBS ¥ 2 ¥, 1% 45 45 44 5 15 min )5
PBS ¥t 2 K. fRIE B (H AR B E A FD) ik

B S AP V1 $ 7% S LI R 2 B 4H i
1.9 DTC/ S AH@REAeyE s 5477

SIS BT BALB/c #R B SE T B R} 2 B B B
BN TE T, S 58 S A VF AT IE S s SYXK (D
K2017-0009, 4 J& &% HE R B 14 2, 445 525 16~20
g, BN SE )5 T A B SPF 2% 54 S 06 5 38 7 1l 97
—J& T E T L. B S R WS I 4 BALB/c #R R
W& ML 4> A P41, TCP-1 40 i # #4571 2 7 5 A
KRAS % [K] 3¢ 18 #0050 25 81k, 3% A 2/ R
I<10° 4 M i 48 f = # f 2= /N B G T, B A 0
AN BRMOR B AR R AT IR 42 IR = B xR
KEEx0.5, 7N RAEFE, 28 d G S/ R,
I S R A A
1.10 %its it

X H SPSS 18.0 4t i1 4/ #1 Graph Pad Prism 7.0
EESAE. BT sLIeE R 3, B R L its Ron
A IR 22 57 LU AR F student” s-¢ Aar 46y, 25 20 [A) 22 57 L
R BRI Z T 22 70 M7 5 1 Kaplan-Meier 15 2E 47 i
2, 318 Log-rank £ 56 3 47 43 #7 5 2B 17 s R H
Cox [BIH 70 M J7 53647 53 . BL P<0.05 B P<0.01 %
INEREA SR FE L

2 & R

2.1 P34 E ST A% DTC %% KRAS A B R T 55
HGEH £

X2 5 BRURHA IT I R IR A KRAS JE A
SRAR 55 BRI N 52 TNM 23 B M 31 2 T f 5
FIAT R TR 20 B, H il 3L PCR-SSCP X KRAS 2
DRI PR SR AR 185 5L 1R AT Rsr 0, &85 SR (3R 2D S, PBUH R
JT N 52 8 1 KRAS J: R RAF R 2 3 1 U A
J7 WU BB (91.43% vs 27.03%, P<0.01) , TNM 43 31
(LMI/IV) (835 (1) KRAS FE R 248 R 2 2% 3 T TNM 47
(I B35 (93.55% vs 36.58%, P<0.01) . Kaplan-
Meier £ 1770 M &5 R (B D BoR , kb F 7 — 20 A B
()8 22 B IRIT IS PR AR P B2 B R R
# . qPCR KGN 45 B 7R KRAS 3[R R AR (F A A
p21 B RIEB AR KA RAZ I FEAR B2 T 1.01+
0.0003 vs 0.64+0.0004, =21.4, P<0.01).
2.2 KRASHA B R L 58 F R @ fe S48 77
LT d

FIRCDIRE) G LT 52 B PR 440 L (IS 2 A, e i
27 A e IR TPC-1 4 M i2E 47 )5 425256 . PCR-SSCP
3 45 5 (B 2B) B, P 52 TPC-1 20 it ) KRAS
B[R RARF 0 83% , UK TPC-1 40 Jfd 1) KRAS %
[H 98 45 % N 18.6% (P<0.01) . Wb A& il 45 5 (& 2C.
D) &7, p21 75 PN 52 TPC-1 40 i 7 1 22 18 7K &
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ERT R Z IR IT XU TPC- 1 40 H (P<
0.05.P<0.01) ; 1fj i 75 KRAS Ji , p21 [ 2215 7K 7 11
B Fil(P<0.05.P<0.01), i3k KRAS 5,1
JE ST 52 TPC-1 2 fif 1) 386 5 B . 32 1 # i) (¢=2.85,
2.66,35 P<0.05) ; P'THUR ) i 52 TPC-1 40 (3L 7% 52
S (.=112.58, 118.80, 5] P<0.01, & 2E) ; *'T i
e it 52 TPC-1 20 B 19 T2 14 i (1=—40.68 , —47.26, )
P<0.01,&2F).
2.3 KRASHE R R T FH A8 R A AHE 7 %
ST/ ER R AR AR, A P ORI = ) P
SRYRYT , FIRT 5N KRAS R R IA AR, 45 R BN,
BB 1) P THRESHE T /N BT KRAS K 1 A8
R E m T X A (= 82.06, P<0.05,
3A), PTRFEIRTT 5 AR SZIGYT /N B MR ORI
3 25 S, T ]IS A 5k KRAS 5 PR (1 /) BRUygg A8 K 1
52 B H] () P<0.01, B 3B O, il it AE A7 40 b Rk
B, R IA KRAS FE K 1)/ BR ATV 2858 w5 (B 3D)

A
~4= BI] resistant
. 100 —— 31 senstive
S
i)
&
T sor
5
O 1 1 1
0 20 40 60

Time (t/month)

2 DTC £ KRAS EERTRM [n(%)]
Tab.2 Detection of KRAS gene mutation in DTC patients [r(%o)]

Variable N Mutation x P
" scan 30.692 <0.0001
Sensitive 37 10(27.03)
Resistant 35 32(91.43)
TNM 24.102 <0.0001
/i 41 15(36.58)
v 31 29(93.55)
Sex 0.005 0.944
Male 38 12(31.58)
Female 34 11(32.35)
B
—*= BI] resistant
100 == BT senstive
S
o]
&
= 50
2
5
0 ’ . .
0 20 40 60

Time (t/month)

B 1 ST ATT R R S DTC B i

Fig.1 Survival curve of *'I radiation sensitive or resistance DTC patients

3 % it

DTC & — Ffi WL (1) P 73 6 S8 1 g el O 9 R
BAE B, v T FREZEUAMEFEARYIE 2
FODR AR B 2 I v 7 B PG T SR T4 %2 DTC
R TEEZ D USURTT IS 0 B R RCRY, B AN
S5 TR A S B, R S B LBURHR T P AR R T
Sz, P PR A PUBCRE DTC IR LN o« A A
238 1 X i R DTCR'T S I8 97 850K K i 52 1) &
AT B AL, R BT RS IR 9T T A2 1 R s
KRAS # [K 28 48 % 75, H KRAS % [K 58 48 3 5 1)
BHEWE B ZE .

KRAS & — Fi Ji J 25 7, JB T RAS 3 A X
W%, RAS 3 [K 7] 38 L 35 16 GTP 18 =5 41 i (1) 33 54
Iy A6 B TS0, g Ak, RAS 5 R AE 2 3k b R B K
AR LA AR R Ok B EEAE . KRAS 2 Rk
A AR GE % B 82 0% AF-MAPK K PI3K/AKT 13

SHEEREMEARKEREAERE, 52
ol i g8 1 B A AL R T 25 S V) AE G . W AR
A /IS 40 B9 i 8 HP KRAS 38 [X] @ i #01 #1] RAF-ERK
o B AKT i A2 33k 6 40 i 1 36 A2, TR 45 B
Ji 8 vb RT3 I A W KRAS F [R] (1) 98 A% 1 0 &5
Jo 368 4 B 1) e R 205 L A, BF 5T R B KRAS 3t [A]
f) 5 48 55 45 B i J@ EGFR 8 97 K 74 % & 5 31
2 A 52, Sk )N 41 i Ml g R KRAS 3 A 1) 58 A8
X EH A B K BVGE e & A 24,
76 HUOR B, RAS B R 1 R A5 1ilE A B AR
IR KRAS 5 A (1) 81 2% 1K 7K F 5 HUIR R 8 1 5%
12 PIA SR AR, BT U IR T TN o R S
KRAS % [K 58 48 A5G A& WA T8 , [A] kA A 7 e o
XF I PR FE AR S80S R 9T i 52 M UK ) R A AT
T 5 R B SRR VA TT T 52 1 58 5 Y KRAS J: R AR
R, H KRAS JE PR 9848 28 5 1) i 3% p21 R IA
ik,
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PEARIERS, KRAS 5 R 7] 3 ok 2 i p211 25 4%
UM T . p21 J&F CIP1 Sk /& 1 4 ok R B 41 i
Je B e RGP TR AT 7)) 5 2 Raas 5 BRI 53 IR G G 1)
— AR E B, p21 A 5 R A AR DA K,
FAEANIE SR L S p21 5 5 B8 6 234 IR L 3
B B R A % D) R R, RERE EL B S 54 R, X
R T8 3o 490 1) J R 2R MO R 2 s U 4
JEIA G I 175 S M G S5 00 20 i P A T
BEH A Al A i K B S BB IE BT TBUE R
T 52V 5 KRAS FE K R A R AH SG M A I 45 51 5 1l

KRAS 48 3 5y, H p21 HI R IEBAR , SR 1 76 40 i K2
/INER R PN R K KRAS ZE A, p21 (3R IE K F L,
B S /N BRORE T O RO B 5 HL /DS BRI AR A
B] 4 K, 3R B KRAS 52 [R5 U ¥R 97 1 U
BN

25 b, KRAS % K] 7] e 1 1 3% p21 1) 3R ik 52
Wi FFODRBR e A0 B 6T TR S IR T R MU . A
I, KRAS JE& R 98 A8 [ 0F 92 0] A 04 it 52 1) 43
b 28 FROIR TR BB IR T SR LR I AR e B R AR
g Y

PR ASE W — B0, TR VR T 32 1 4 A /N BR
g g 3
2 g 2
A o S <
X % K1 = 1 .
5 X 1.5 < L5 BCPAP
o G3 ~
¥ < Res ) Res
= <10 x 1.0
£ g £
k3] 505 .z 05
g g 2
Bl = =]
T oo g0 g5 0
— 123456 78910 = 123456 78910 & 123456 78910
2 Passage s Passage & Passage S
B 3
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£100 SR o
£ 80 a g NV SR
‘é 60 \‘\\ \21](]) U1 w— —— ] KD
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E TCP-1 B'1 F TCP-1 B'1
NC KRAS { T .
RNy SR e i 3 | =
YIS Tr’ Wit W b - l"" - ,Q
0,16;%\- 6‘” -:.‘ .-‘ { { "7
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O O PR s N I s
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KRAS 1z 2] 21 -
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" P<0.01

A: Treatment with sub-lethal dose of "*'T on continuously passaged thyroid cancer cell lines, and the 10th generation
cells were considered as "*'I-resistant cells; B: PCR-SSCP detected KRAS gene mutation in TCP-1 cells;

C, D: p21 expression in TCP-1 cells was evaluated by Wb; E: TCP-1 cells migration was analyzed by transwell assay (x100);

F: The apoptosis of TCP-1 cells was analyzed by flow cytometry
2 KRAS EREZRE S H TCP-1 415 I ST AT
Fig.2 KRAS mutant induced "'I resistant in TCP-1 cells
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A: PCR-SSCP detected KRAS gene mutant in DTC xenograft tumors nude mice; B,C: The mice tumor mass and size were measured;

D: Kaplan-Meimer survival curve analysis the survival of DTC xenograft tumors nude mice
&3 KRAS £ ERESH DTC GHE/NR VW HESHATr i 5

Fig.3 "'l resistant induced by KRAS gene mutating in DTC xenograft tumors nude mice
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