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Relationship between microsatellite instability, RAS gene
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Abstract

Objective: To investigate the relationship between RAS gene mutation, microsatellite instability (MSI) status
and clinicopathological features and prognosis in patients with colorectal cancer. Methods: KRAS, NRAS and
BRAF gene mutations and MSI status were examined in 202 patients with colorectal cancer. Statistical methods
were used to analyze the relationship between gene mutations with clinicopathological features and prognosis in

different groups, such as age, sex, tumor size, degree of differentiation, and so on. Results: KRAS gene mutation,
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BRAF gene mutation and microsatellite instability-high (MSI-H) tumor mainly occurred in the right colon with
mucinous adenocarcinoma, while pS3 mutation occurred more frequently in rectal tumors without mucinous
adenocarcinoma. Univariate analysis showed that the progression-free survival time (PFS) of the RAS mutant in
stage III CRC was significantly shorter than that of the wild type (HR: 1.804, 95%CI: 1.159 to 2.808; P=0.009).
In the stage III CRC, the PFS of the double wild type group (one of the three genes KRAS, NRAS, BRAF) was
significantly shorter than that of all three wild types (HR: 1.962, 95%CI: 1.254 to 3.071; P=0.003). Similarly, in
multivariate analysis, both RAS and BRAF in stage III CRC were wild type, PFS was significantly longer than
that in patients with any mutant type (HR: 1.962, 95%CI: 1.253 to 3.071; P=0.003). However, univariate and
multivariate analysis showed that there was no significant difference in overall survival (OS) time among RAS

mutation and BRAF mutation subgroups. Conclusion: RAS, BRAF mutation and MSI status can predict the

prognosis of stage IIT and IV colorectal cancer, which need to be verified by large sample size and fine grouping.
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100 5 & T H 51 W S AR s P A IR 1,

CIE7EA 7

FA1(5'-3")

K-ras-R12
K-M1-F18
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K-block4
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K-M16-R11
K-M15-R10
K-M3-R10
K-M12-R10
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TCCTGCACCAGTAATATGCATATTAAAACAAG
ACTGAATATAAACTIGTGGTAGITGGAGCTGA
GACTGAATATAAACTTGTGGTAGTTGGAGCTA
TGAATATAAACTTGTGGTAGITGGAGCTGGTGG-NH2
GGTACTGGTGGAGTAITTGATAGTGTAITAACC
ATCGTCAAGGCACTCITGCCTACGCCACA
TATCGTCAAGGCACTCITGCCTACGCCACG
TATCGTCAAGGCACTCIITGCCTACGCCAA
ATCGTCAAGGCACTCITGCCTACGCCAG
GCTGTATCGTCAAGGCACTCITGCCTACGCA
CTGAATATAAACTTGTGGTAGTITGGAGCTGGTGA
TCAGGATITCCTACAGGAAGCAAGTAGT
GTACTGGTCCCTCAITGCACTGTACTCCTCTA
TACTGGTCCCTCAITGCACTGTACTCCTCTC
TGTACTGGTCCCTCAITGCACTGTACTCCTCG
ACTGGTCCCTCAITGCACTGTACTCCTCA
ACTCTGAAGATGTACCTATGGTCCTAGTAGGAAATAAT
GGACTTAGCAAGAAGTTATGGAATTCCTII'TTAITGAAACATCAA
GGACTTAGCAAGAAGTTATGGAATTCCTI'TTATTGAAACATCAGT
TGACATAACAGTTATGATI'TTGCAGAAAACAGATC
TGGGATCATATTCATCTACAAAGTGGT
TACAAACTGGTGGTGGIITGGAGCAGA
CAAACTGGTGGTGGITGGAGCAA
GGCTACCACTGGGCCTCACCTCTATGGTG
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NRAS-M12-F1 GAGTTACGGGATTCCATTCATTGAAACCTCAA

NRAS-M12-blockl
B-raf-F5

B-raf-R3
PI-EX8-F2
PI-EX8-R2
K-EX23-F1
K-EX23-R1
E-EX9-F1

E-EX9-R1

GTTACGGGATTCCATTCATTGAAACCTCAGC-NH2
GTAAAAATAGGTGATTTIGGTCTAGCTACAGA
AATTTAATCAGTGGAAAAATAGCCTCAAITCITACC
GAGTTGGAGIITGACTGGITCAGCA
CCTGCGTGGGAATAGCTAAATCCT
GCTGAGGTAGGAGAATCGCITGAA
TGGAGTCITGCTCTGITGCCTA
TGTGTAACGGAATAGGTATTGGTGAATT

GCCACCGGCAGGATGTGGAGAT

1.3 MEALABEREEEARERMIEFAREM
gl

B A AUk A T AR I B B S A
(mismatch repair protein, MMR)MLHI1,
PMS2, MSH2, MSHG6# ik Bl vf K& b fA 1 A
RN T o> W) o MR o5 IE R 41 41 IE R A FE A
Xt MMRER 8RR 3 B0 iR 41 2 R 8 B
Ph TR 55 TE 25 i BB L Rz itk L R i A
BHPE o AR ] 1S 2 3R 2k sk 2k B SE SO i
1§§§|ﬁ]yj}ﬁﬁﬁ%l§ﬁ(MMR deficient, dMMR),
By OBHCE W) O B RGBS AR A Zh fEIE W (M MR
proficient, pMMR),

SangerIl JF LKL IIMST, I\ it 20 21 v 2 B

HZHDNA, Sangerll 5 K6 I MSTHY S~ B A% H 12
EAREYBAT-25, MONO-27, CAT-25, BAT-26,
NR-24H A2, A2 R UL E U & M TR A
Fa € P (microsatellite instability-high, MSI-H),
LA AR A BE T TR AN A2 PE (microsatellite
instability-low, MSI-L), Jolt7E il T 2R E
(microsatellite stable, MSS),

1.4 PEHERApS3EARIE

G RE L BUb 2 R Ml pS3 R (36, M 4l
21759 L) AR 18 50 B s < S % e a sl 4 (v,
HpS3FALR 5%~75% 0 55 AN BH 3B M ps3 R
PR A R (1)



T B REAFAE FI RAS FEHRAE 5 -1V Y K WG oA et #he

. A 2573

ARITIC ‘f e "-f' & B\
w ; ‘ lYl ‘ % ?
o 74 Sl &4 & 5 }§;$ ev’y

Ao oy »:-OM i
g A ;‘f-‘;

V.ol £ A
o CEWAE R
P ‘:wrt'.)z A . X

&2 v L & “Aiv
L -J;\ N A .
. P 2>

L ad

TR WY FRYT A e 3
,."'f“,.f‘-‘?'?‘,..‘ % L -2’:‘" s y
R s A < N Bt

€ G o 1"y
A =P e

1 R AL T Mps3E B R IR (SP, x 100)

Figure 1 Detection of p53 protein expression by immunohistochemistry (SP, x 100)
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A

If more than 75% of the nuclei in tumor tissues of (A) and (B) are diffusely strongly positive or less than 5% stained or all negative, it is pS3

mutant type, and the unequal strength expression between 5% and 75% of (C) is pS3 wild type.
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HEFR, RASH:[H 5878 FIBRAFHE R 58 78 A0 HEF o
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tho pS3EE AR A 2 % M TERASET A BRI BRAF
A Rl p . MSTIRE 5 ps3 R 11 28748 B G I i 48 i
AR, fERLEMECRCHY, MSIfifE 5 BRAFSE
AR BB AR (3) 0

2.3 KRAS, NRASERERTHERE5IGEKFEHE
XM

KM CRCHKRASEEA %52, 3, 44 T-2h12f
POS AR HAY, BRAF RN 40.6%(82/202) . 20244
I FIVIICRCH, 1A 26 96 i 9 T KRAS B
IR 98 A5 R 5 T AN B TR IR I KRASFE R 28 A8 5
fi 25 I KRASFE R 52 78 2 e T A 2R 45 W e E
KRASHEH SR . KRASHEN 5 ARVE ] . ARy . b
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BRI E LR RIEEE . RITEA . WS
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F2 I R IVEICRCE & I R R IR F4HE (n=202)

Table 2 Clinicopathological features of patients with CRC in stage III and stage IV (n=202)

Il PR 2%k n i Lk /% Il R 241 n i Lk /%
PERI NS L2

5 129 63.86 JENO 23 11.39

& 73 36.14 ANI1+N2 179 88.61
iR/ % B

<69 98 48.51 T1-2 12 5.94

=69 104 51.49 T3~4 190 94.06
PR R AL RS

i 165 81.68 JoMo 151 74.75

= 37 18.32 M1 51 25.25
iR 42 /cm RIT

<3 22 10.89 Totbsr 41 20.29

3~<5 94 46.53 (g 142 70.30

=5 86 42.57 AbI7 +HpT 19 9.41
PN Ki-6714 51

L R 59 29.21 1+ 6 2.97

977 135 66.83 2+ 23 11.39

bS] 8 3.96 3+ 173 85.64
fHigba e

it B 85 42.08 o 171 84.65

PER ] 74 36.63 e 24 11.88

HY 43 21.29 iR + = 0 /e 7 3.47
AR

{[iS 18 8.91

=/ 184 91.09

2.4 BRAFERRTHHE S IERFmERE XN

I CRC HBRAF 3 [H 25 600 1 % A% T 28 A%
GTG>GAG(V600E), ZEAER H54.95%(10/202),
202 @I T ATV CRCHY, 11 7 V80 96 b g o
BRAFHE A 58748 85 T A PEA R i BRAFJE A 58
A, P BRAFGEAS #2615 T ME P BRAFR
AR A7 I KRASHE R 98 48 58 T 22 2 45 1 T
HMKRASHE R JE A5 % . BRAFIEIR 878 5AFH5 | i
AR | g K L R R L TNMA T
AW E R . RIEIRE . BITE O WA
B AE R IR S A G (3 P>0.05, £3).
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K CRCP MSI-HME O 2R
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)R HE A A P45 1 g M MST-HL L 8] & T 22
25 gy Ko B W e Jeg 0 L A8 o B R R T b
MSI-H & A 3 b 358 TN PR AT 6 1 B 98 1 Iiogs
MSI-HMWE 5 8 F AR . Mg RIRSEAL . Mg K
AN P ARRREE L TNMAM . AR . A
T b 7% . RIGIREE | QYT . SR A
P K B IR A5 X JoAH &Mk (B P>0.05, 33).,
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2.6 pS3EERIXFMER H G K FEME XM

2020 CRCHhpS3 8 H R IkF AL, AR
FikN64.36%(130/202) . HEA b A 1) b 9 v
pS3S AR R I AR TN AT BRI 0 R . Ao
45 o b v p § 398 A8 R i kA e I AR T A2 ok
W X B W o pS32EAE T 5 BE AR . . M
KAREH | bR . A LME SR . BIHIE
B AR L IRIT IO AR R R S T
FH A (F9P>0.05, #£3).

2.7 ANETNMS HIFRAS, BRAFR T HPFSFIOSH #T

PN E SN BN . EIIIHCRCH, RASZEZS
RS0 A AR, PES W& 44 (P=0.009), i

F4 BARTR IR AEED T (BERSH)

OSZESF LI & X (P=0.415); BRAFZZAFHI Y
P RUAE, PESHIOSH 22 R LGt X5 [Al
BE, WEFA:#I4] (KRAS, NRAS, BRAF3/4-H:[HH:
A LA AR ) 5 3 SE R E O B AR ) H R
PFSIE & 4 /5 (P=0.00319), MOSZERF LG I #i
M (P=0.331), E ARG S, HRKF1, B HZE
WA LNRA, BRI

IV CRCH, RASZASHI 5 HF 4= % = BRAF
A WA RUAH B, WU AR R 3N KR B
WP R ZH LA, PRSHIOSH 2R St E X
(F4). FH, EZHEHHE, TICRCHRAS
FIBRAFY N By A RIR) |55, PESH AT — =748
BRI EE, PRSI EIEK (P=0.003, #*S).

Table 4 Gene mutation and clinical staging survival analysis of PFS and OS (univariate analysis)

PFS oS
TNMZ53-1
HR (95%CI) P HR (95%CI) P

JagiEL]|

KRAS + NRASZEAF I 1.804 (1.159~2.808) 0.009 1.363 (0.6476~2.869) 0.415

BRAFZEAF Y 1.588 (0.6388~3.945) 0.320 1.319 (0.3126~5.566) 0.706

U A A 1.962 (1.254~3.071) 0.003 1.446 (0.6872~3.041) 0.331
Vi

KRAS + NRASZE AL 1.532 (0.7657~3.065) 0.228 1.742 (0.69~4.399) 0.240

BRAFZEAL#I 0.4111 (0.05571~3.035) 0.383 0.8477 (0.1126~6.383) 0.873

XU A= Al 1.312 (0.6498~2.648) 0.449 1.737 (0.6602~4.569) 0.263
FKs BEERTRIGKSBEFI T (ZEELH)
Table S Gene mutation and clinical staging survival analysis of PFS and OS (multivariate analysis)

PFS oS
TNM/Y]
HR (95%CI) P HR (95%CI) P

Jaai:t]

WU A 7Y 1.962 (1.253~3.071) 0.003 T EE A —
IVHA Tod 2 8 A i = To it 2 AR —

3 T iz W IRIT RS A TR R L . E4ER, CRC

CRCHY A, KRE—NRZZHEN. ZLK
PR 2 R, PR Al A AE W AR W X CRC

(3R T 40 e KA R TR E KRASFE IR S 5
PLEGFRELPUIT AT AH M, EFXTIRYTF LS RAS,
BRAF, MSIAYK I & I IR i 47 4~ K 1k 36 97 /Y A



TR AEE R RAS BER 978 5 ~IV IR S AR OGHE M5, 45 2579

BB AR AF I P O R R S TEKRAS,, MST Il
R H S, ROBEMRXEMES
CRCHiJF ByAH M . Z A #Fss "> —80EAh . 1o
B CRC dMMRE H W TG &F FpMMRIE#H , IEA
AE M PR Zy S-F IR WS IE (S-FU)LIT R 3k 35 . BAERG
WICRCH 55 AR M I AR . A BF
s I CRCHEZFOLFOXE # FOLFOX+ 4 %
HHYURYY, AMMRA W TG & FpMMRA, H
N AEFOLFOXIA YT 4 (dAMMRZH X FOLFOXJRI7 3k
L), Hit, MMR/MSTRE I A FiJ5 A -
dMMR/MSI-HMg R 528, 774 RiE Ak,
VE BBt e 51 & % BR A e e RN, 2% B R M9 9
Kk AR, X R IR YT RO AF . {H B A
CRCH'dMMR/MSI-HM I 4%, B, 40 55
M CRCHUG E AN . RAS, BRAFFAIMMR/
MSIL A & TS M (AT A 4 i o

AWFFE 2020 ITI~IVI] CRCHI RASZEAE FK Ny
44.55%, HTPKRASHRZAS#40.59%, NRASHRAL R
3.96%, BRAFZE7AE%4.95%, MSIIR & F7.92%.
5 2 i CRE 0 9848 KA XA, AT RS
R gy 2 . B LA RBEAR A e ARBFSE
KRASTEAS T 22 WL T 47 2 25 1 LA Je R A 5980 R 9o 43
LR b, BRAFZEAY , MSI-HE Z WL T4tk £
55 B UL KA R IR B kg o T NRASZE A%
FEA P s BRSE500) g o A b T o 2 Pk 22

ABESE H 25 HTRASEE N | BRAFJER A5 L)
FMSUIRZSAE A CRC TS ()0 37 s B A T
KRAS, BRAFZEASLEIEHE RS MECRCH Y i 5 Pl 7
FH—H VAR A—8 . — I 5e " A N 7EMST
H M b, KRAS X BRAFZEAZ J2: T J5 22 I AH G A
T, HZF B E, HEA HERR LY &,
PRI IG5 SR ) A R MBS A . B SCHERXTKRAS
BRAFTJ # M AE F B9 A — 2ot vl 8 5 R 5 5
LS A Y VAN P D i) M P S S

A 5 7 W 3 R T A v CRC R i T
KRAS, BRAFZEZEL EMSURAESHG LR, 45
REIR: {{FEKRAS, NRAS, BRAF{E—RAL 55
FIPESHIOE, Mi5OSTM B #MX, X52ZH
RIS 20 A AT

ARH VIR B R D>, s, AHBRF
W E 2901 FFREAEA I R 30 AR S LR
MR s A I 2% i RS (i RS/ 6 e / i 37
Jig /U0 L AF ) 405 5 PR S R % RE G s 441
265 il i B s A9 (il A 1 e D9 JBE e B 3 4910 5 Ml

PEB R 200) . S1EITV B A7 1 J5 & b+ BT E
MR RIA TFARSH] SUREAVIBR396]; I B 1%
FAR76], 1961845 PLEGFRE, VEGFRAL [1] JAIT
Ho 4 ik B TR, 1B AR KAV T R
B A PIVEGERIE MR YT (DAL ) 1541,
KA HLEGFRAL VG YT (VU Z 5 b ) 4], D54
4 A\ BIF 5 11 B3 A A b AT B YR T I S R
S0% MR A2 1) ALl s&2015—20174F 5 ],
MNP ZE A HUE R VA BB, B RIN SR
KRBEVEBEAL R VAT 5 2) ALY S G T REAS rp A2 2
ghln M H 34, HPRRASHYEEZ 156, toR
RE T PH 2 B BPUIRYT s 3) MIfCRCI Z R i2
J7 (multi-disciplinary Treatment, MDT )i Y7 =0k
AJEARTE T AT I HLE IS WA xR R A
T, LLE LA T O R i R AR o AT
W) IA ST B 1 4 o MR B R 45 T0UHE R Y A T A
W B, MDT IR Y7 A58 3 A0 o A R [ 4 o 8 1) 2
LS E NI NV (AR N R e
AEASIN , ¥ YRYF . AT FMSI-H mCRC AR, i
FEARPEIRYTC 5 ANCCN X CSCORYT {8/, i
FOEE A AR o

JiAh, TECRCEEM ST, B TRAS,
BRAF, MSI, iF HAhIK a5 7E & EAE -,
PI3KCA, HER2, METZ:P'®LifECRCIITE h %
FEAER .

H /il CRC Y T 32 2L 32 AR5 T /3 JH AN /31
AW KB, RAS, BRAFAEMSS/HIE i 2 15 (19
S FEREY, MAEMSIMR R CA G, Hik, fF
CRCIMIE H A M RAS . BRAFFIMSIIR A, AT
PLFE Sl RS a] FH 25, ] DAG 26 3 MST-H I i Jgs
X REIRTT AT I RN, 3BT LIAE R BUS 5 A5 o

A PR 5 LATIU ATV CRC 8B 35 R fF 58 %6t
% BEPPAMF TKRAS, NRAS, BRAFIL[H I K
MSUIR A5 I 28 AR A A7 UG B AH e, VB A Fo
O [ PR 43 A, TILI R e, AH G TS 43
ZHrasie 5 B St FIm R S ERE NG U) ;. (HIv
IR D, Zead e R JE R e A8 R B RIS |
o VAN 797 R o [ N S L o P o T =
FEA B GE— 45/, ] e XS 483 25 SR 1 R0 1 5
HmCRCEARFE REAE I K 4 248 BLA YT 3R W A A T
HBF: R W PFSHIOSSE S FE Ar, X LR b 1]
AE 2 WIZ o NRERF 9T 45 SR v iRy 5 Jn e
KEEA R FFRATHEYE 238 b0 0 250, DLt
ol JOH e AT I I 2 B
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