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Relationship between microsatellite instability and KRAS,NRAS, BRAF gene
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Abstract: Objective  To explore the relationship between microsatellite instability (MSI) status and
KRAS,NRAS,BRAF gene mutations, clinicopathologic features and prognosis in colorectal cancer (CRC).
Methods A total of 861 patients diagnosed with CRC by pathology admitted to Shantou Central Hospital and
Sun Yat-sen University Cancer Center from March 2015 to December 2020 were selected as the study objects
to detect the expression of 4 mismatch repair (MMR) proteins, MSI status, and gene mutations of KRAS,
NRAS,and NRAS. The correlation between MMR protein expression, KRAS, NRAS and BRAF gene muta-
tions and clinicopathological features of CRC patients was analyzed,and the correlation between MMR protein
expression and KRAS,NRAS and BRAF gene mutations were analyzed. The independent influencing factors of
mortality in CRC patients within two years were analyzed by COX regression model. Results The total dele-
tion rate of MMR protein expression in CRC was 12. 08% ,the mutation rate of KRAS gene was 42. 28% ,the
mutation rate of NRAS gene was 2. 21% ,and the mutation rate of BRAF gene was 6. 50%. There were signifi-

cant differences in MMR protein expression among patients with different age, tumor site, histological type,
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tumor maximum diameter, differentiation degree, TNM stage, lymph node metastasis status and CEA level
(P<C0.05). There were significant differences in KRAS gene mutation among patients with different sex,
tumor site, histological type,differentiation degree, TNM stage,lymph node metastasis status and CA199 level
(P<C0. 05). The difference of NRAS gene mutation in patients with different CEA levels was statistically sig-
nificant (P<C0. 05). There were significant differences in BRAF gene mutation among patients with different
tumor sites, histological types,tumor maximum diameter, differentiation degree, TNM stage and lymph node
metastasis status (P<C0. 05). MMR protein expression was negatively correlated with KRAS gene mutation
(r=—0.137,P<<0.001). There was no correlation between MMR protein expression and NRAS gene muta-
tion (r=—0.007,P =0. 834). The expression of MMR protein was positively correlated with BRAF gene mu-
tation (r=0.162,P<C0.001). Lymph node metastasis, KRAS mutation, BRAF mutation,and MSI-H were in-
dependent factors for 2-year death in CRC patients. Conclusion MSI status, KRAS,NRAS,BRAF gene muta-

tions are correlated with the clinical pathological characteristics of CRC. The detection of these indicators is

helpful for the biological behavior analysis and prognosis judgment of CRC.
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TR S TR DA B A 1 38t 1% 23 5 0E 31 AN WD B A 5 e M 4R
B HA TR N E 2. GAO %5 Fik ik
SIS IN N JCRC Wk JE A M Al R 42 H— R Y (o
AR Fa % PE (CIND 3 8%, Bl EGFR-KRAS/BRAF-
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1.3.2 MMR HE R XA ERAE Rl . 44 B]
MLHI(1 : 150) . MSH2(1 : 100) \MSH6(1 : 150) Fll
PMS2(1 : 150) iy — Pt Ff B¢ LL B 52 Bl MMR % 1 &
T, 25 SR b o 0 b A A AL B e s
WM, AT sy, PIvE g g 5. w40 i
Bk UL ¥ o s % B B 5 1, MMR & H (MLHI1,
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EARME KRAS.NRAS.BRAF K& PR A6 il i 75 K 46 I
SERAN SR SCER11], A FRK DNA B & 2248
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Spearman SFA K . A RIEHE 2 PRI 45 SR 2k

: . N ST 2 R *Z',"f.',.

WA NS G IRE R HE B 8 &k IE# Mg
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“

2.2 CRC K MMR & H £EGEFR  CRC H 1
MMR 2 [ &5 B 6K 12. 08 % (104/861), 104
il CRC H ) MMR # 1 ® A6 K KA MLH1 +
PMS2 4% Hy 54. 81% (57/104) , MSH2 + MSHS6
Bk F ok 21,15 % (22/104) , PMS2 2k &K 8. 65%
(9/104) , MSH2 Bk 2 %K 5. 77% (6/104) , MSH6 {5k
RN 9.62%(10/104)

2.3 KRAS.NRAS #il BRAF ¥ 7E CRC FrA it 58
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BH NRASHF R LK, ZEFAFKITFE L (P<
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2.5 MMR # 1% ik 5 KRAS,NRAS #il BRAF %t
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24. 04 % (25/100) 1K T MSS B CRC 753 44, 78 %
(339/757) ,MMR & 1 #ik 5 KRAS £ K548 £ 1
MK (r=—0.137,P<C0. 001), NRAS %:[H 1 MSI
) CRC AR 1. 92% (2/104) ik F MSS (1) CRC %
AR 2. 25% (17/757) JH 2 MMR # 1 #1555 NRAS
FEP 2878 A A (- =—0. 007, P =0.834), BRAF %t
RI7E MSI 1) CRC 2875 17. 31 % (18/104) & T MSS
) CRC 28748 % 5. 02% (38/757) ,MMR & H £k 5
BRAF J 9848 5 IEAH ¢ (r=0. 162, P<<0. 001),
2.6 CRCEFEWHENIET MK EK COX [l 4
B O E 2022 4£ 12 H 31 H.H 4.53%(39/861) 1
CRC #BH RV, BEVIEFT,70.07%(576/822) I i
HT 2 WA TS, A AE B E S 588, 30 (455. 60,
746.00)d, it Kaplan-Meier 4= 70 1 5 % B A fF
HASEAT BRI R 43 BT, bk B 25 55 B8 . KRAS %€ 48 | BRAF
48 MSI-H J& CRC B 2 fF N BT 1Y 52 mi R %
(P<<0.05), MPHBESNTEF AL FELHHER
AT COX [ 43 B, 45 2R B, Wk 25 5 8 | KRAS

575 BRAF %78 \MSI-H
ToHY

=7

20 CRC 2% 2 £ 3E
e P2 (P<<0.05), W% 3.

wr
*x1 KRAS.NRAS # BRAF ERE % CRC #r&H)
RETIER
T AL b BHER LM RAE[n (V)]
KRAS
12 35G>A G12D 145(39. 84)
12 35G>T Gl2v 72(19.78)
12 34G>T G12C 41(11. 26)
12 35G=>C G12A 23(6.31)
12 34G=>C G12R 8(2.20)
12 34G>A G128 5(1.38)
13 38G>A G13D 70(19. 23)
NRAS
12 35G>A G12D 9(47.37)
12 34G>T G12C 2(10.53)
12 34G>A G128 2(10.53)
13 37G=>C G13R 1(5.25)
61 182A>T Q61L 3(15.79)
61 182A>G Q61R 2(10.53)
BRAF
600 GTG>GAG V600E 56(100. 00)

x2 MMR % B %1% . KRAS.NRAS #1 BRAF EE TS5 CRC BEIGKFEHFENXR2(X)]

MMR KRAS
I)ﬁ\E n
MSI-H MSS x: P if A 7 AR R x: P
PE 7 1.191  0.275 24,647 <<0.001
i) 498 55(11.04) 443(88.96) 323(64. 86) 175(35. 14)
'y 363 49(13.50) 314(86.50) 174(47.93) 189(52.07)
A () 15.976 <0.001 1.209  0.272
=50 663 64(9. 65) 599(90. 35) 376(56.71) 287(43.29)
<50 198 40(20. 20) 158(79. 80) 121(61. 11> 77(38.89)
Jib 968 FR AL 20. 043 <<0.001 12.08  0.002
I 25 305 19(6.23) 286(93.77) 195(63. 93) 110(36.07)
Fik 4 227 43(18. 94) 184(81.06) 111(48.90) 116(51.10)
"W 329 42(12.77) 287(87.23) 191(58. 05) 138(41.95)
20 G 2R AT 83.89 <C0.001 31.932 <C0.001
i 9o 698 50(7.16) 648(92. 84) 435(62. 32) 263(37.68)
R MR 163 54(33.13) 109(66. 87) 62(38.04) 101(61. 96)
Jib 988 fe K A% Cem) 91.392 <<0.001 0.388  0.824
=5 151 53(35.10) 98(64.90) 87(57.62) 64(42. 38)
3~<5 536 38(7.09) 498(92.91) 306(57.09) 230(42.91)
<3 174 13(7.47) 161(92.53) 104(59.77) 70(40. 23)
SR 68.124 <<0.001 21.868 <C0.001
[ 95 36(37.89) 59(62.11) 34(35.79) 61(64.21)
f 675 63(9.33) 612(90. 67) 404(59. 85) 271(40.15)
ik 91 5(5.49) 86(94.51) 59(64. 84) 32(35.16)
TNM 44 13.918 <<0.001 29. 843 <C0.001
I+ 474 75(15. 82) 399(84.18) 313(66.03) 161(33.97)
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HR2 MMREBFRE.KRASNRAS 71 BRAF EERT S CRC EEIGKBEBEHXEL(X%)]
A MMR KRAS
Iﬂﬁ n
MSI-H MSS x° P Yy R 5875 Al x° P

I+ IV 14 387 29(7.49) 358(92.51) 184(47.55) 203(52. 45)

I IR B 0.846  0.358 0.178  0.673
T1+T2 125 12(9.60) 113(90. 40) 70(56. 00) 55(44. 00)

T3+T4 736 92(12.50) 644(87.50) 427(58.02) 309(41.98)

WL 15.079 <<0.001 29.489 <<0.001
o 485 77(15. 88) 408(84.12) 319(65.77) 166(34. 23)

H 376 27(7.18) 349(92. 82) 178(47. 34) 198(52. 66)

CEA /K 8.225  0.004 0.175  0.676
[{ERi 369 31(8. 40) 338(91. 60) 216(58. 54) 153(41. 46)

H 492 73(14. 84) 419(85.16) 281(57.11) 211(42.89)

CA199 /K 0.243  0.622 15. 844 <C0.001
BH 223 29(13.00) 194(87.00) 154(69. 06) 69(30. 94)

9744 638 75(11.76) 563(88. 24) 343(53.76) 295(46. 24)

NRAS BRAF
IJH\E n
Liigacei] G AR #Y x: P 5 AE A G AR Y x? P

) 0.225  0.635 2.276  0.131
i) 498 486(97.59) 12(2.41) 471(94.58) 27(5.42)

kS 363 356(98.07) 7(1.93) 334(92.01) 29(7.99)

AW ) 0.121  0.728 0.002  0.968
=50 663 649(97.89) 14(2. 11D 620(93.51) 43(6.49)

< 50 198 193(97.47) 5(2.53) 185(93. 43) 13(6.57)

Jib 96 FB AL 1.72  0.423 7.142  0.028
25 305 300(98. 36) 5(1.64) 287(94.10) 18(5.90)

A2 25 i 227 223(98. 24) 4(1.76) 204(89.87) 23(10.13)

HW 329 319(96. 96) 10(3.04) 314(95. 44) 15(4.56)

2H G 2E AT 2.025  0.155 29.507 <<0.001
3] 698 685(98.14) 13(1. 86) 668(95.70) 30(4. 30)

BV Mo 163 157(96. 32) 6(3.68) 137(84.05) 26(15.95)

Jib 988 fe K A% Cem) 1.149  0.563 48.625 <C0.001
=5 151 146(96.69) 5(3.31) 122(80.79) 29(19. 21)

3~<5 536 526(98.13) 10(1.87) 515(96. 08) 21(3.92)

<3 174 170(97.70) 4(2.30) 168(96. 55) 6(3.45)

oA TR B 2.014  0.365 10.151  0.006
= 95 91(95.79) 4(4.21) 90(94. 74) 5(5.26)

h 675 662(98.07) 13(1.93) 637(94. 37) 38(5.63)

i 91 89(97. 80) 2(2.20) 78(85.71) 13(14.29)

TNM 433 0.063  0.801 10.801  0.001
I+ 474 463(97.68) 11(2.32) 455(95.99) 19(4.01)

M+ IV 387 379(97.93) 8(2.07) 350(90. 44) 37(9.56)

teS(ERVNE S 0.025  0.874 0.698  0.403
T1+T2 125 122(97.60) 3(2. 40) 119(95. 20) 6(4. 80)

T3+ T4 736 720(97. 83) 16(2.17) 686(93.21) 50(6.79)

WL R 0.634  0.426 8.633  0.003
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k2 MMREBRE.KRASNRAS 7 BRAF EEARES CRC BHFIEABEBMEMNXR2(%)]
A MMR KRAS
i H n
MSI-H MSS x* p LLgeceii G AL T x* P
I 485 476(98.14) 9(1. 86) 464(95.67) 21(4.33)
A 376 366(97. 34) 10(2. 66) 341(90. 69) 35(9.31)
CEA /K 7.539  0.006 0.702  0.402
BH 369 355(96. 21) 14(3.79) 348(94. 31) 21(5.69)
5 492 487(98.98) 5(1.02) 457(92. 89) 35(7.11)
CA199 /K 0.326  0.568 0.620  0.431
FH 223 217(97.31) 6(2.69) 206(92. 38) 17(7.62)
5 638 625(97.96) 13(2.04) 599(93.89) 39(6.11)
£3 CRCEZF2ENZTHMEZH COX ETEE
LB ZHE
Log-rank P HR 95%CI P
L 0. 742 0. 389
i 1.958 0.162
i Jed 8 A5 0. 050 0. 823
HPERA 1.678 0.195
iy e KA 0.177 0.674
LR 0.326 0.568
TNM 43 #1 1. 542 0.214
R E 0.315 0.574
WL L R RS 5.453 0. 020 32.413 1.749~600. 775 0. 003
CEA 2. 240 0.135
CA199 3.823 0.063
MSI-H 6.107 0.013 0. 069 0.008~0.574 0. 002
KRAS 6. 440 0.011 54,158 2.481~1 182.069 0. 002
NRAS 1.526 0.217
BRAF 6.932 0.008 17. 342 2.073~145. 037 0. 002
3 i it 15 22 A e R B RE A 5O A 2 308y s BRAF 2 [ 28

(25 B RIS FRTE (2020 4F RO S HEFEAR
M) CRC 4y FAY b5 & Y35 MSIL Ras .BRAF %,
Hor MSI/EA 1 7, Ras (0 5 K-Ras fil N-
Ras) .BRAF 1EH 1T S HE 77, I 2 1A 45 A5 ) 245 5 61
TTHIR B36I7 % . DU %0/ HE 25 BF 9 oK
MSH2.MSH6.,MLH1 1 PMS2 Il FK I 8 % ¥ I
MMR & F ) A n B .

ABFFEH . CRC B H 1 MMR & H KA B0k RN
12.08% . S EFEE " i 98 h MMR 8 1 38 1K Bl 2k
Foh 11 3% B4k ; MMR & 1 £ A6k DL MLHL
Bede +PMS2 Bk b L 5B ISR B 5T 4598 S AR
Wi, A BF ST 45 B o, KRAS 19 35 [ 98 25 R Ol
42. 28 % W& TIN5 B ST Y 40, 59 %, AT E B BF
FEIIFRA A 4 5 s NRAS L FH = AF & N 2. 21% ., 5
P AR ST T NRAS BRI RAZ RNy 2. 74 Y%

A HH 6. 50% , B T- TABERNERO %52 % 18 114 Bk
PHIASERE N 10% B9 BRAF JEH 2828 &, n] g & [ Ny
NPy 22 5 A AT BB IRl A BIE 58 48 A 19 AFF 5% % 42
J& 1 ~ IV CRC % .1 TABERNERO %" i ff
XGRS E s (mCRO) 3 .
AWFREER LI, MMR & [13£i5 5 KRAS 3 H
RAF A, MMR 8 1% i85 5 NRAS 3 H %48 A
MK, MMR E %A S BRAF 3R 57258 5 1F 4 ¢,
5 KIM %Y DARIYA &P jp 5 4516 — 80, A
F5E i MST 8 % K £ 8 KRAS Bf 24 B, B 3% 15 41
XPEcHT, M KRAS RABEBFA MG R EZ, X—HELH

MMR HH &k 5 KRAS J P 58728 2 i AH ¢ 0 iF 52

ZEIC AR R . ARBFITEE R B IR E 4555 52  KRAS
Z54% BRAF 2275 2 CRC B # 2 £ WL T- 1Y 1& K6 4
.MM MSI-H & CRC & 2 FFNIET- RPN &K,
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