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Abstract:  Objective  To explore the possible mutations associated with drug resistance in metastatic colorectal cancer
(mCRC) , to verify whether circulating tumor DNA (c¢tDNA) can be used as a molecular marker of mutations associated with
Methods Through the

dynamic monitoring of KRAS, BRAF and PIK3CA gene point mutations in ctDNA in multi - stages in mCRC patients with

mCRC detection and drug resistance as well as the possible drug resistance mechanisms of mCRC.

continuous anti - epidermal growth factor receptor ( EGFR) therapy, the changes in tumor gene mutation spectrum under drug
treatment were constructed and drug-resistance—related point mutations were screened. The multiplexed cell lines were selected
according to the point mutation, and multidrug resistance of multiple groups of cell lines was analyzed by MTS assay. The drug
pressure was analyzed by real—time quantitative PCR (RT-qPCR). Results KRAS (G12D), PIK3CA (H1047R) and BRAF
(V600E) mutations related to drug resistance of mCRC were screened by clinical data analysis, and enrolled in the follow—up
study. NCI-H747, SW948 and SW1417 cell lines were selected as KRAS (G12D), PIK3CA (H1047R) and BRAF ( V60OE)
point mutation cell lines, respectively, and the wild—type cell line of C2BBel was used as the background. ICy, was performed by
MTS experiments. It was found that the wild—type cells were significantly higher than mutation cells for the incidence of cetuximab
and panitumumab. The cells were diluted by basal cells. After 3—day cultivation, the relative levels of the mutant genes were higher
in the cetuximab group and the panitumumab group than in the non—drug group as well as higher in the non—drug group than in the
baseline group.  Conclusion Drug-resistance—related point mutations can be determined by ctDNA detection. The growth rate of

metastatic colorectal cancer cells can be increased by KRAS (G12D), PIK3CA (H1047R) and BRAF ( V60OE) mutations, and
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they are associated with the drug resistance of cetuximab and panitumumab.
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ZE H 98 (colorectal cancer, CRC) J& N2 & H W,
(R GPE IR 2 — ALY T ORI SE 3, (B HUS 5 50
A 2R WL, U HC 2 5% B8 1 45 B W 98 ( metastatic
colorectal cancer,mCRC) H 5 4E A fE AU K 13%" .
AR BT 3R 2 A K - 32 44 (epidermal growth factor
receptor, EGFR) B 5E RIS FHE 167 mCRC HUA
TEIFITR, SR, 58 & B KRAS \BRAF Fil PIK3CA
SEBLIA 9 78 (1) mCRC A8 35 X #E 1) ¥ 97 A7 80 AL 2
109 o PA It , - J0 8 1] 2 2 AT ARG: Y0 S22 4 BB mCRC
ITRCH S, WF oS W, I ER 98 DNA ( circulating
tumour DNA , ctDNA ) J2& i 4 i 3= 51 B ik ol 4 2 i 7%
HEAMEAGEER ) DNA Fr B, #5715 5 5 00 g o S e
AL BUR SR AE B B K ctDNA AT LB AH
S g 1) g AL 24 AR S Sl 35k mCRC A AR HE 1)
BT FARICY, A58 38 5 X mCRC 8% Z B B
ctDNA #17 KRAS .BRAF Fl PIK3CA JE A £ 5 25 £ il
FAEIE B2 o0 A M 25 ) 1 0 T B0 g i PR 2 2
TRk, O VET 25 A0 O s AE | IR AR IR SN IR IX B 58
JE T S 2 OC, AT BT ctDNA RE 754524 mCRC Tiif
GG AL 3 TAREY) , FR1T mCRC & n] BEAF 12
AR TR 25 BL A

1 #R5FZE
1.1 ##

metastatic colorectal cancer; circulating tumor DNA ; targeted therapy; drug resistance mechanism

1.1.1 3%  AZ& KRAS BRAF Al PIK3CA [R5
A e AR 6 W 1SR]SR BR S FD 5 MTS 3R] - 1
HEH Promega N ,ﬁﬁ%ﬁlﬁ%u@m@ EPN:L X4
BHEARAFH

1.1.2 4tk NCI-H747. 45 & W% 9% 48 0 bk,
RPMI- 164035775 ; SWO48 . 25 F 1A 4 A Uik , Leibovitz s
L1585 57 3L ; SW1417 . 45 B 7 %% 40 L £, Leibovitz “s
L-153% 573 ; C2BBel . 45 B 7 4 i bk , DMEM =555
R IR 10% 162 L%, INATH & R ER A
100 U/ml; 55 35 554 B 37 °C 5% CO, 40 55 37 46
BN

1.1.3  Zjfh VOZEHY. A selleckchem A F] ; If
JEEAYT . I [ selleckchem 2 F]

1.2 &Kk

1.2.1 IGIRFEA ctDNA Eidla s HHZ T EGFR
FABUESIARYT I mCRC 3 30 B, FEIESL 48 25 TN 1Y)
H0d 55 (56+2)d 55 (112+2)d 55 (168+2) d-w--e-
(LA28 d A 1 JEI, & 2 A F AR ol — k) il B ik ot
5 ml,4 000 r/min B0 10 min,LﬁC%J_‘Pﬁg, B URARLE
PEBURH Z 4B BEf A8 JE 1L ctDNA |, RT—-qPCR A il
ctDNA 1 KRAS  PIK3CA HI BRAF Jt [H 58 78 | WA 1 24
Yy 3 e R G AR AR A O SR I 24 A OC i 2848
1.2.2 BEMCHM AR 78 CCLE Bl e 5 B b
MBI AR



1452 ST S 2021 4F 12 A 4528 % 45 121 Pract Prev Med, Dec. 2021, Vol. 28, No.12

1.2.3 259 1C, WRBERGINE K3 LAY 20 L R 7E 96
FLAR I BESE 24 b, WA JE BB AP 2 8 BT o 1) 45 LU AR
FBER 8 AANIRIMR B, B FL N A 8 JC i 4 35 A A R ok i
YR FREL B FR T2 h RS AR E A
A MTS FW AR 5L, HE A7 WO BE (A ARl 1145 24
Y 1C, IR

1.2.4  Z5¥bFRk e AL R o0 ik o5 58 748 At i
SRR G B — B W TS o 4 47, 1 iy e R
9 EEHC DNA , HAr 3 43 43 Al hnma e b a2
BB DL RO 35 57 35 55 5% 72 h 5 $2HL DNA  Horp
TG R B2 1C 5, (E MR L

1.2.5 2 ffd 25 245 4y Ak 3T i o 748 66 DR RE X 2 4k
RT-qPCRA: Ml 4 {7 DNA H# KRAS (G12D) | PIK3CA
(H1047R) Al BRAF( V60OE ) J& K 28 A8 £ i | I IF 1% %%
70 P55 e A X M ST RN P 2 BT 24 Y A
KMk,

1.3 %it$ 44 KA SPSS 22. 0 #4447 5 4
LTIE v o W € AL N SR i i i 2y o TR €11
Gt B AR E 22 (xxs) o, IR ¢« K80 o0 By
YHI)22 5 5 A5 M AR TERS S0 A SR ge it h A 4o

— BE16120%%)
e BEAGLORE) L EHYC1DAFCIAREGI)
e BE3G10RE) == BEYGIDEHCLARE 6124)
. ! 8 =+ = BEUCIDAFGIVEE6120)
BEYC1DRE) — BEWCLDAHCLVAEGIY)
. — - BESCLORE)
. = BESGIDRE)
— BENCINEE)
- = BEBG1VEE)

a BERRASHRZHRE Y b BEKRAS RRRHHEA S

FkFEw, I Mann—Whitney K 06 A AT 2H 18] 22 5% K
KK HE «=0. 05,

2 & B

2.1 TR ELey ERE 30 Hl#ELEH EGFR
YR I mCRC BE A [F B Be A J il ctDNA 8 48
AR 1 FR . Hh A 10 B BT KRAS 2
12 1978 Fhk i 3 Fhae AR 2, 6 B s Ap 2k
RIS G12D( Gly12Asp) B82S EA GGT>GAT;2 14l
RAFHEH N GI2V ( Glyl2Val) , Bl 32516 GGT >
GTT;1 f4i] G12D & JF GI2A ( Glyl2Ala ) ®R4E, 1 4
G12D A3F GI2V( Glyl2Val) 745, H s il #t T
PIK3CA FE[H 9 5120 54 F 58748, HekG i 3 Fp 2R
AR, 3 5] € AR S fy H1047R (3140A>G) , 1 14
E542K ( 1624G > A), 1 fl HI1047R & I ES545D
(1633G>T) ; Horh 3 I BL T BRAF 28748, AR A 3
i V6OOE ;3 {5 Hi Bl KRAS & 3f PIK3CA FEHRAE,
T = e s R 0 5 728 31 %% B v 1 2 KRAS (G12D) |
PIK3CA ( HI047R ) 1 BRAF ( V6OOE ) 25 5 il b 3% i
AT 5T,

~ Shomem

== BEBHIMRES) N
o eBEUBRGE) e BEI6VG00ERE)

= = BE1S(HI0474 FESASDRE-H1047) == BEN(V600ERE)
— BEIS(HIONTAFEASDRE E545D) e = = BE1BVE00ERE)
6 e
¥ g
e
gl ~a
g ‘.
N2
2 v
0 2 4 6 8 4 6 8
A% A%
¢ BEPIRICAR R FHZI S d BEBRAF S REHEEM

FEra Al b TR KRAS 2878 B35 AR A ;¢ A1 d 43 337K PIK3CA 1 BRAF 2875 35 AR B R AR L
B 1 EH ctDNA H s A AR L a3 R

2.2 mMZMRERARGZERE RIETHEE W
55 LI T Tt 245 4013 e g 110 1 8 AR 2R T AN R RS
RAE KRAS(G12D) 28748 257 Fl NCI-H747 i & ,
PIK3CA ( HI047R ) # A SW948 4i i &, BRAF
(V60OE) #EH SW1417 4 & . [FAFiE 4 C2BBel f
A= F 20 R A A RS N LRG58 73 4 i A A
YRR A 25 B A AL, I 28 D) 50 28 A8 28 AL (1) 1F

k.
1 AFEGMEXSAFEZP09 1C,,{E (umol/L)
EIiUES [iE7a =Rk e Bdt
C2BBel 3.45+1.02 3.98+1.13
NCI-H747 10.24+1. 63 9.46+1.61
SW948 7.78+1.27 8.35+0. 89
SW1417 6. 65+0. 96 6.42+1.44

2.3 FAAFEREA M Z e IC Lm 2
1 R, 4 PP 2R X G 2 BT RN e BT 1C,,
{H. il 2 Fros, 3 B i 5728 i 240 A X 75 b 24 ) 1Y
1C, (E3 HE B A= B A1 B 25 ( P<0. 05) , R & 88 e
B AR XS P AN ST EGFR B4 259 A AU R#AIK

P<0.001
12 P<0.001

DEZHEN @ERER

P<0.001

10 T P<0.001 P=0.0041
.l i P<0.0047
i &
or i e
4t
0q
o HHi HHH HHH HHH

I
SFERME KRAS(G12D)FZ4H#1 PIK3CA(H1047R)4HM  BRAF(V60OE)4H A

2 OR[R B R XE AN R 258 1C, {8 (umol /L)
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2.4 B RA2HHARNERTEARKRFMATE
& KM RT-qPCR 7347 1 45 s 5828 40 il R & 254k
FHETF KRAS (G12D) , PIK3CA ( H1047R) F1 BRAF
(V60OE) A8 fb1E i, M 2 ] Ji, AN sl A in 24,
3 dZ 5 BRI G AR AR XS K- 34 e T AR LK i 24 fe
P P R AR AN A T AN AL, WA 3,

R2 RASINR I A

Al & QRE  QR3 aCt BCt yCt
NCI-H747 DO 36.654  22.327  14.327  0.000 1.000
P A 33.456  22.536  10.920 -3.407  10.607
YRR 33.489 22,395  11.094 -3.233 9.402
V) |z s 34142 22278 11.864  -2.463 5.514
SW948 DO 33.421 22431 10.990  0.000 1.000
PiZH AT 31153 22.517 8.636 -2.354  5.112
YR E 31.869  22.686 9.283  -1.707 3.265
UG 32,476 22.632  9.84 -1.146  2.213
SW1417 DO 35978 22.731  13.247  0.000 1..000
(LA 34275 22.354 11921  -1.326 2.507
LR 34189 22.462  11.727 -1.520 2.868
UNIEST G52 35.014 22179 12.835  -0.412 1.331

DO F5 FHZETT; Ct 245 AT Ct IS 43 B8 = AE TN S 2L R P 1
B aCt 48 278 3 U N 2 32 R 19 06 20 22 5 850, BC 45 28 748 3 R AR o)
DO AN HEFR 22 40, yCr 36 248 FE AR DO d IAHXSF5 8022 572
2r S

B R E R
[=RicD=EE 7

RARAN RIS FIE 8

[
L ] ]
1 : 7154
] ¥ 254
o 252 : 24

KRAS(G12D)AJFEXT Tk & Plxso;(HmnR)Bﬁf.ﬁh‘feiéi BRAF(V600E) B 7 Tk &
EAREARLL 3 45, R R KA RN DO d iRBE
3 RARFEPIRIR FIA

RIS 4

#® A K W F % K (epidermal growth factor
receptor, EGFR) J& HER/ErbB F G ) — b1, ] T 45 H
3 R P (1 22 o R g vk B SRR PR
PUFTIF 2 540 72 W R UL A $T EGFR B o [ Bt 14
(MoAbs) , PiE AL T 25T mCRC &, nl il
HAp AL EAEAAI 6 A H 4 20 30 DA, & ks
mCRC & WA B TS

SRR AL PRAJE TR 52 48% 9 mCRC i 2
YT — i 24 BR PR 9 AR WP I 2 iR T C AL, TR
IR W R0 W R 22 Bohte J8 2 O F A S8 T Uk P8
I MR IRAE RS S BUBIE R R (R o AR Z  HOCHE

Y T 5 S BN FABILTN o A 58 408 2 B I 9 e e
BRI AE 1R T P HE R B EGFR JAYT M R K
Yk M 25 ML R M BR ] 74T EGFR BHT 259 1 1
FH Tt 25 Jof g 200 e A 4 & BRI 7 il EGFR TR 24 ) G
Z—, BAWII AP KRAS BRAF Fil PIK3CA Z53E A
A L EUIE X BT EGFR BB 25" ik, i
EGFR IGYF M2 J5 , vl i1 i 24 Jk R 58 AR R, Xof 5 A%
VAT SR A TR [ T 0T, Ay o SR A 4 386 A T 28 2
GrICRHE] ) Bt AT X R & BIL A B o T
TERIARHTHRZ WS TE R tDNA B 8 A 208 Bt
EGFR A7 4k & P T 25 28 28 i) 5 246 I - B,
ctDNA J2& LA SRS A S ME LG 35 5 %2 A= 50 4 B
FE PN DNA 55 s 40 i 5L PR 4115 B A — 3, 9%
iR & AR Ry o SR UL A S AR S O g e X e

T3HN A SCHRIE 5T 24 4 DG 1 b Jg 28 72 20 it 2%
W5 259 S VE G e 4 TR, AR G it i R
# ctDNA B W, nr DL g 2 i 25 40 W e 2 5
PE L, I H AT i i 5 1 2440 G A A 5848 | A 7
LI R, AR 5E 15 8] mCRC & R AR
R i e 1 L PR 2 KRAS (10730, 33.3% ) , 58 78 45 %%
i B 27 G12D, X S TR E 2R B R IR O B
5% 114 1l mCRC % KRAS #l BRAF K&K 5¢75  Hor
LI GI2D RAFE %, 15 49.06% , 45 Fe 48—, KRAS
S RAS JER K IE M — 51, 24 KRAS JER AL )5, &k
) RAS N GAP fRUEAI RIAH] RAS 5 GAP )i,
S RAS MRFLEiR AW L 5 GTP 45 &, 1 R ey
RAF-MEK - ERK 3 5 £2 3005 , 51 & gt 7 tesh
AWFFEXT PIK3CA Fll BRAF 2878 36 Rt k45 T 40,
TEASTAR 359 16. 7% 10. 0% , Hirp PIK3CA 9878
F IR H1047R 58748, % W] PIK3CA (H1047R) 7E44 %%
PE S5 5 e 40 i 2 v o] BE i 5 T B AR T
BRAF 3 [ 28 45 UV 2 V6OOE, 5 SCilik!"® 2 if 1Y
BRAF LR AR AUAH AT, $/n7EIm R L B BRAF
AR mCRC RAFEIRYT AT A

fifi 1 i KRAS PIK3CA il BRAF & Rl ¢ i 878 2k
RIS A0 35 5% A IV A 28 728 248 L 2% R Y 2 AU 240 i
TR E, [REE, R CRC ¥R Y77 308 U1
VY225 BRI T2 BRLAT R o 2 47 Kb B A 75 240 i 32 R
K AR IR T2 1C,, A2 , 5 8845 20 R X}
YU A AL, RS R B, B A A A0 i ) Y
BAHUFAJE BBT 1C, (3 45 o5 28 70 20 it 241K, th ek
i, 414 KRAS PIK3CA Fil BRAF 725 5, XF
Pt EGFR BT 254 1) U E AR d 25 A1

IR TIRZGY) 1C, (L5 B 7R 2 5 5 A8 4l i 28 %F
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250 ) SRR R AR, 1R 2 T8 15 108 B 3 i 3 AT
FM = BAR R ARG 52, Rk, Ak — 4R
K EbR SR T 5 2540 5, A1 50 K B A= 784 48 g
FE BRI R 75, JH 35 4 B A AU 40 i o
&, FIES R IR A A0 R 4 03,565 1 I 1ER
FELRA 7RSS 0 d 42EL DNA | HAY 3 1943 o v 2
PUe e ST RN N2 40, R VS 22 5 B n e
PRI INZG 5 52 365 97 3 d J5 $EH DNA | ILEE 4%
GRS A AR, ACge s, BRI 2y,
3 d J5%7E KRAS ,PIK3CA F1 BRAF [ 7Kt 2 T i
[, 7% 12 KRAS(G12D) .PIK3CA ( H1047R ) 1 BRAF
(V60OE ) 7| i 4fl My A= A< 3 B b fir S 55, o D
KRAS %2 742 5| & 40 i A= K hn o B oh 8 3. BRAE 3¢
BRSO IR GE, 4 A KRAS (G12D) il PIK3CA
(H1047R) ;S AR A i AR K B B2 iR R B T e 5 g
jjﬁ]ﬂm AR B 25 SR — 3, Ao aR &30,

VU2 BT M Pt S5, =R i AR 4 M KO- L
Km%%ﬁﬂmij%mmmﬁhﬁﬁmEaﬂﬁh
)5, #EH7 A KRAS (G12D) \PIK3CA ( HI047R) Al
BRAF(V6OOE) o, S AR 1) A4 Y L A8 AR A T, DB X —

A GRS 5 P 5 UM JE BT 245 AH G

A5 38 1 %I R ctDNA B8 sh B 8F 5T, &3 nl
AE 5 HT EGFR 254 25 A0 5 1) 55 5 A8 | 28 16 52 AH I 43
AT Z A T 1 R A R 25 W A B B i o
RT-qPCRAEZIM , & 31 24 i J& 58 A48 56 PRURH X 7K 71 A2
1k, BT T ctDNA £ B8 18 & 30 5 i 245 A DG 1) 6 28
A BE T KRAS(GI12D) (PIK3CA ( H1047R) il BRAF
( VOOOE ) s5 2 A5 0y 2 5 245 T o s 240 M X VY 22 15 B4
AJESLPTTH 25 A, k2 % I AR AE A AR R
5 ARG TT BN RTRE, 0 A2 45 RS DK 2
ST PR AARIE

S Hk
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