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[ Abstract | Objective To analyze the mutation status of Kirsten rat sarcoma viral oncogene homolog (KRAS),
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (P/K3CA), v-raf murine sarcoma viral oncogene
homolog B1 (BRAF) genes, and the expression of mismatch repair (MMR ) and human epidermal growth factor receptor 2
(HER-2) proteins in tumor tissues of patients with colorectal cancer (CRC) harboring neuroblastoma rat sarcoma viral oncogene
homolog (NRAS) gene mutations, and explore their relationships with the clinicopathological characteristics of CRC patients.
Methods The clinicopathological data of 546 patients with NRAS mutation CRC were retrospectively analyzed. The mutation
status of NRAS, KRAS, PIK3CA, and BRAF genes was detected by AmoyDx amplification refractory mutation system (ARMS)-
polymerase chain reaction (PCR) kit (fluorescent PCR method), the expression levels of MMR and HER-2 proteins were

detected by immunohistochemical staining EnVision method, and the relationship between them and the clinicopathological
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characteristics of patients were analyzed. Results The mutation rate of single-point mutations in the NRAS gene was 98.35%
(537/546), double-point mutations in the NRAS gene were 1.65% (9/546), and double mutations in the NRAS and KRAS genes
were 1.47% (8/546). No patients were found to harbor mutations in the PIK3CA4 or BRAF genes. The types of NRAS mutations
included Q61R (or Q61K, Q61L, Q61H) mutations (266/546, 48.72%), G12D (or G12S) mutations (154/546, 28.21%), G13R
(or G12C, G12V, G12A, G13V) mutations (134/546, 24.54%), and A146T mutation (1/546, 0.18%). G13R (or G12C, G12V,
G12A, G13V) mutations in the NRAS gene were more likely to occur in the rectum cancer patients (P=0.035); although the
tumors had a larger diameter (P=0.029), the patients had a longer progression-free survival after surgery (P=0.028). Among
patients with NRAS gene mutations, HER-2 positive expression was associated with perineural invasion (P=0.003), and the
patients with deficient MMR were younger on average (P=0.041) and were associated with double-point mutations in the
NRAS gene (P=0.018). Conclusion CRC harboring NRAS mutations may have unique clinicopathological characteristics and
molecular phenotypes, providing possibilities for individualized treatment and prognosis evaluation of CRC.
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=1 A KRAS/NRAS/PIK3CA/BRAF EERTEEHMIXFIE (AmoyDx ARMS-PCR kit) BJBHRRL
Tab 1 Targeted mutations in human KRAS/NRAS/PIK3CA/BRAF genes of AmoyDx ARMS-PCR kit

Gene Well” Exon Amino acid change Base change Cosmic ID
KRAS 1 2 G128 34G>A 517
G12D 35G>A 521
2 2 G12C 34G>T 516
GI12R 34G>C 518
G12v 35G>T 520
G12A 35G>C 522
G13C 37G>T 527
3 2 G13D 38G>A 532
4 3 Qo61L 182A>T 553
Q61R 182A>G 552
Q61H 183A>C 554
Q61H 183A>T 555
5 4 KI117N 351A>C 19940
KI117N 351A>T 28519
Al146T 436G>A 19404
Al46V 437C>T 19900
A146P 436G>C 19905
NRAS 6 2 G12D 35G>A 564
G128 34G>A 563
7 2 G13R 37G>C 569
G12C 34G>T 562
G12v 35G>T 566
G12A 35G>C 565
G13V 38G>T 574
8 3 Q61R 182A>G 584
Q61K 181C>A 580
Qo61L 182A>T 583
Q61H 183A>C 586
9 4 Al46T 436G>A 27174
PIK3CA 10 20 H1047R 3140A>G 775
H1047L 3140A>T 775
BRAF 11 15 V600E1 1799T>A 476
V600K 1798 1799GT > AA (complex) 473
V600E2 1799 1800TG>AA (complex) 475
V600R 1798 1799GT>AG (complex) 474
V600D1 1799 1800TG>AC (complex)
V600D2 1799 1800TG> AT (complex) 477

" An amplification curve in a well represents 1 of the mutations listed behind the well number. The AmoyDx ARMS-PCR kit is

incapable of distinguishing specific mutations in 1 well. KRAS: Kirsten rat sarcoma viral oncogene homolog; NRAS: Neuroblastoma

rat sarcoma viral oncogene homolog; PIK3CA: Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; BRAF: V-raf

murine sarcoma viral oncogene homolog B1; ARMS: Amplification refractory mutation system; PCR: Polymerase chain reaction.

1.5 %3t 34 RHSPSS 27.0 F AR AT 483
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gE 4l (P<0.05, Kl 1B) , NRASJEH A&
KR CRC BE KB B AEFFBIA O (P=
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Fig1 Relationship between NRAS mutation status and prognosis in CRC patients from database
A: The expression of NRAS gene in different types of tumors (T) and normal tissue (N) in the GEPIA2 database; B: The expression
levels of NRAS in colon tumor and normal tissue in the TCGA database; C: The overall survival of patients with different NRAS
gene expression levels in the TCGA database. "P<<0.05. CRC: Colorectal cancer; NRAS: Neuroblastoma rat sarcoma viral oncogene
homolog; ACC: Adrenocortical carcinoma; BLCA: Bladder urothelial carcinoma; BRCA: Breast invasive carcinoma; CESC: Cervical
squamous cell carcinoma; CHOL: Cholangiocarcinoma; COAD: Colon adenocarcinoma; DLBC: Lymphoid neoplasm diffuse large
B-cell lymphoma; ESCA: Esophageal carcinoma; GBM: Glioblastoma multiforme; HNSC: Head and neck squamous cell carcinoma;
KICH: Kidney chromophobe; KIRC: Kidney renal clear cell carcinoma; KIRP: Kidney renal papillary cell carcinoma; LAML: Acute
myeloid leukemia-like; LGG: Brain lower grade glioma; LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarcinoma;
LUSC: Lung squamous cell carcinoma; MESO: Mesothelioma; OV: Ovarian serous cystadenocarcinoma; PAAD: Pancreatic
adenocarcinoma; PCPG: Pheochromocytoma and paraganglioma; PRAD: Prostate adenocarcinoma; READ: Rectum adenocarcinoma;
SARC: Sarcoma; SKCM: Skin cutaneous melanoma; STAD: Stomach adenocarcinoma; TGCT: Testicular germ cell tumor; THCA:
Thyroid carcinoma; THYM: Thymoma; UCEC: Uterine corpus endometrioid carcinoma; UCS: Uterine carcinosarcoma; UVM: Uveal
melanoma; TPM: Transcripts per million; GEPIA2: Gene Expression Profiling Interactive Analysis 2; TCGA: The Cancer Genome
Atlas; HR: Hazard ratio.
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TE 7S BF 58 40 A 1Y 546 1) NRAS %: [H 28 7% 1)
CRC B H BB, A8 1 AL B b ik - 58 AR AR
Q61IR (H Q61K. Q61L, Q61H) &7, [ 48.72%
(266/546 ); HJEG12D (H{ G12S ) €7F (28.21%,
154/546 ) . G13R (5 G12C. G12V. G12A .,
G13V ) &7 (24.54%, 134/546) ; A146T 57545
MW, A 0.18% (1/546) .

2.2 NRAS B R % CRC B a9l RRBAFIE  TEY)
AW 546 5] NRAS B 5875 CRC B4, HARK I
#| PIK3CA. BRAF %75,

8 1] B E & A F UL B NRAS 5 KRAS #: 1A
B 248, 5 1.47%, Hrph, B 546, %3, 4
<60 % 34, =60 % 54, ML N
o, 1Bk AR EL 255, 470 PNI SRR Y
i, % TNM ( pathologic TNM, pTNM) 43 ]
Lis, M2, M1 E. ERETSS R,
RIGHRKAER KR R, 8 BlEH I N pMMR,
KRAS KR 5738 K AT 12 S8 13 4 6], KB
TESF 13 SR 117 S TE4 2 6.

9 B & & A 5 UL B NRAS J IR XU A5 %%
B, h1.65%. Horp, B 56 o4, <60 %

361, =60 % 61, My MERREEY AL, 4 6k
HREZEFERS, 3 BIAREIRIE AL, 1 414 PNI, pTNM
S T3 . T2 ), T 4 6], #REREDZS
| BIRIG R . ik, NRAS R T B 52 H Ny
G12D (8 G12S) /G13R (& G12C. G12V. GI2A,
G13V) , 5 66.67% (6/9) , 244 G12D (5 GI12S) /
Q6IR (H Q61K Q61L. Q6I1H ) 574%, 1l G13R (&Y
GI2C. GI2V. GI2A. GI3V) /Q6IR (B Q61K
Q6IL. Q61H) %75,

HE—25 7 Mt NRAS R A 8 F 2 Ak 8 F 3
ZE A% 5j CRC & I PR B AIE 8] 19 OC R, 45
R NRAS R 22 8 5400 8. I or 1k
PR pTNM 20 . kL2556 52 . PNI. J&@ #2 .
JihJeE PR IR FE . MMR R 3R IB RS TT W O &R
(¥1P>0.05) , {H & H: NRAS % M G13R (5
GI12C. G12V. GI2A. GI3V) 75y B & i i
KERFREEZEZWESE (P=0.029) . It
Ak, LPTL f # NRAS 3 K T 45 %) K& M Q61R (1§
Q61K. Q61L. Q61H) ZR4F (P=0.042) , Tk
THWWEBEE RS K4 GI3R (5 G12C, GI2V,
GI2A. GI13V) %4 (P=0.035) . WL#% 2.

R 2 CRCEE NRAS ERRET5IRAFEFFIER X R

Tab 2 Relationship between NRAS mutations and clinicopathological parameters in CRC pateints

Parameter Q61R/Q61K/Q61L/Q61H G13R/G12C/G12V/G12A/G13V G12D/G12S
Yes N=266 NoN=280 Pvalue YesN=134 NoN=412 Pvalue YesN=154 NoN=392 P value
Gender, n 0.366 0.321 0.884
Male 162 181 89 254 96 247
Female 104 99 45 158 58 145

Age/year, xts 62.80+11.23 62.14+11.02 0.485

Maximal diameter/cm®, x+s 3.80+1.57 4.02%+1.71 0.137
Differentiation, n 0.052
Moderate or well 252 274
Poor 14 6
PTNM stage’, n 0.241
[-1 119 144
m-v 129 127
Lymph node metastasis, 7 0.518
No 138 153
Yes 128 127
PNI’, n 0.143
No 156 187
Yes 92 84
Tumor thrombus®, n 0.383
No 185 211
Yes 63 60
Tumor necrosis’, 7 0.969
No 13 14
Yes 235 257
MMR?®, 1 0.701
pMMR 252 268
dMMR 7 6
Tumor site, 1 0.042
RPTL 42 42
LPTL 58 39
Rectum 166 199

61.40+10.81 62.81+11.21 0.204

62.76+11.11 62.35+11.14 0.697

418+1.90 3.82+1.55 0.029 3.89+1.59 392+1.68 0.815
0.465° 0.181

131 395 151 375

3 17 3 17
0.303 0.769

72 191 76 187

60 196 71 185
0.752 0.714

73 218 84 207

61 194 70 185
0.247 0.390

92 251 102 241

39 137 46 130
0.642 0.246

98 298 118 278

33 90 30 93
0.320 0.457

9 18 6 21

122 370 142 350
0.842° 1.000°

127 393 147 373

4 9 4 9
0.035 0.538

24 60 20 64

14 83 26 71

96 269 108 257

*. The maximal diameter is the length of the tumor measured directly with a ruler after standard fixation with formalin and

confirmed under the microscope; *: The dataset contains missing values; °: Continuity correction y” test. CRC: Colorectal cancer;

NRAS: Neuroblastoma rat sarcoma viral oncogene homolog; pTNM: Pathological TNM; PNI: Perineural invasion; MMR: Mismatch

repair; pMMR: Proficient mismatch repair; dAMMR: Deficient mismatch repair; RPTL: Right-sided primary tumor location; LPTL:

Left-sided primary tumor location.
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Fig 2 Kaplan-Meier analysis of progression free survival of 546 CRC patients

A-C: Progression free survival analysis among patients with or without NRAS gene mutations at specific sites; D: Progression free

survival analysis stratified by age; E: Progression free survival analysis according to pTNM stage; F: Progression free survival

analysis based on tumor site. CRC: Colorectal cancer; NRAS: Neuroblastoma rat sarcoma viral oncogene homolog; pTNM:

Pathological TNM; RPTL: Right-sided primary tumor location (excluding 9 cases of primary tumors of transverse colon); LPTL:

Left-sided primary tumor location.
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24 NRAS® % CRC &% ¥ MMR % & & ik 55
FRIRBLAFIER X R 546 5] NRAS JEH RAE ) CRC
BT, A 533 BlHET T A A MMR A
H 2R, Hodbh dMMR 3L 13 ] (2.44% )
pPMMR 3k 520 ] (97.56% ) . AMMR 41 M # 4
BT pMMR 4 2%, ZRA%IHEE L (P=
0.041) . dMMR 215 pMMR 4 & (vE . b

oRAE . IR AR EE  pTNM 734 . IR E556H5
PNI, JEie . e PEIR B0 K g J5 & 3R L i, 22
SY LG FE L (¥ P>0.05) . NRAS Bp—1fif
FLGEAE IR i 578 f8 ¥ % 4 AMMR F1 pMMR [
WA 2 5, AMMR W £ K 4 T NRAS XU
HRANEE (P=0.018) . W#E 3,

%3 NRAS 7T CRC #3# MMR 1 HER-2 E AR XER EMEFESESZ BHL R

Tab 3 Relationship between MMR and HER-2 protein expression status and clinicopathological parameters in

NRAS mutated CRC patients

Parameter MMR - HER-2
pPMMR N=520 dMMR N=13 Pvalue Negative N=204 Positive N=36 P value
Gender, n 0.837¢ 0.586
Male 325 9 138 26
Female 195 4 66 10
Agelyear, x£s 62.56+11.23  56.15+6.43 0.041 63.97+11.67 62.611+9.82 0.511
Maximal diameter/cm’, x£s 391+1.65 436+1.69 0.328 3.94+1.74 3.49+1.64 0.461
Differentiation, 7 1.000° 0.514°
Moderate or well 502 13 189 35
Poor 18 0 15 1
pTNM stage”, 1 0.747 0.218
[-1 256 6 99 22
Im-1v 249 93 13
Lymph node metastasis, 7 0.661 0.291
No 272 6 111 23
Yes 248 93 13
PNI®, n 0.257¢ 0.003
No 332 11 96 27
Yes 174 2 95 8
Tumor thrombus®, n 0.782° 0.123
No 387 134 29
Yes 119 57 6
Tumor necrosis’, 7 0.505¢ 1.000*
No 26 1 4 0
Yes 480 12 187 35
Tumor site, n 0.538 0.390
RPTL 80 3 33 8
LPTL 93 1 47 5
Rectum 347 9 124 23
NRAS mutation, n 0.018° 1.000°
Double mutations 7 2 4 0
Single mutation 513 11 200 36

*. The maximum diameter is the length of the tumor measured directly with a ruler after standard fixation with formalin and

confirmed under the microscope; " The dataset contains missing values; “: Continuity correction 2 test; *: Fisher exact test. NRAS:

Neuroblastoma rat sarcoma viral oncogene homolog; CRC: Colorectal cancer; MMR: Mismatch repair; HER-2: Human epidermal

growth factor receptor 2; pMMR: Proficient mismatch repair; dMMR: Deficient mismatch repair; pTNM: Pathological TNM; PNI:

Perineural invasion; RPTL: Right-sided primary tumor location; LPTL: Left-sided primary tumor location.
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2.5 NRAS % B % % CRC & % ¥ HER-2 & 9 &
K5 s R IEE) X R 546 ] NRAS 3 [H 58
A7 CRC A, 240 il 835 #F 17 T HER-2 F 1 e
RE A AU A, Hoh 15.00% (36/240 ) )
HER-2 £k BH M (sl 824 e 4 R 2+ 5%
34 ) o GO LB, NRAS R %7E CRC i
1, HER-2 % [ PH M 22 35 5 g3 PNIAH G (P=
0.003) ; {H HER-2 & [ FHM: A4 23k 28 5 i ok
B AR MR ERRAR . MR L RRE . pTNM 43
Ll NN 2 AN Y S L e 37 N N L A
L, 2RISR (B P>0.05) . 1L
#3,

3 3t i

RAS 5& T % & W i (2 45 KRAS . NRAS Al
HRAS ) 7] i i EGFR [ 2 B2 18 il 7 14 F i 19
PIK3CA/Akt Fll RAS/RAF/MAPK {5 5 # % & 5
PRS0 AT BE5 . AFTE . AR A iR
SR BRI Y 5 £ PR A Sl B Rk
PO, T 5 | A 40 i S Y e 434k, 5 CRC &
AR EHEYIAET . BTSRRI, KRAS/
NRAS 1 BRAF 5875 JE AN HHER 1), PIK3CA 587 0]
LIS b iR G A TE Rl — B o Y . AR RS
WY 546 5] NRAS £:H2€7E CRC & BAFIH,
12 1.46% (8/546 ) [P fEFE NRAS 5 KRAS 3 [
{1 [ if €45, i BRAF F1l PIK3CA 34 K & 1 58728,
X5 PR SCHRRIE —3 ., SORhIE R R AR B R MR
A AT E7E T B0 RAS 15 556 35 R MR Y A —
APRAE BB D BFR “SEAT A (sweet spot)
{551 Z 0 SRR AT, W55 i S 8 i
ToAE . R, fESRLefRh, RAF FIEM{ES
i AT E A AT RAS HA%S 501G LT i 51E
1k, FWH KRAS 5 NRAS H& R 7 MIgs i) & A A vp
KAEEEAR, I BB RE EAHIITA Y,

RS A W9 R W NRAS 5 7% 5 CRC Il R 9k 28
FHEZ M B35 (n=37) """, {AfE RAS Wk
Aol KRAS 2875 (568 PE CRC & P, NRAS 5278
(R TS IR 25 25 0 T NRAS 278 1 AG:
R, HATELZ KA SR S HF NRAS FE[H 58
A5 5 CRC B I A BLRFIE 2 [B] A A DG . ASDF
¥ 1 X 546 ] NRAS 58 7% CRC i # 3 fp 2%
1Y) NRAS BE R 5748 (57 555 1 PR BRAFAE I OC R A 7

iitor M, % B NRAS 3 4 GI3R (5( G12C,
G12V. GI2A. GI3V) R BF BN AR R
AR ) B IR B RAR R . PFS 4K, H MR Y
RAETEHWM . PR E T A XIS A7 5 -
AR CRC WP B BN A, A B2 88 0 2907 Rk
SR, FR T T 2R FH 5 DR ARG 0 7] 46 1 Sy R A, AR
FEAR B HEAT BRSO 9 36 R 5 50 AT, AT Rtk — 20
NRAS 5 7% CRC £ 3 & %7 Uk B A fig A EGFR
BHTAYT PR Y L BER EE X RAS 78 1 iR
BIT 2R CRC VAT TSRS 7 12—
BE 2 TF K Z R X KRAS 28 78 1) 4] 55, H:
AL HE R FCHI P AR (sotorasib ) 1B 3k % 7 74 A
(adagrasib ) " &F X%f NRAS {7 (4 1 1 3 5
K F 22 5 R | 75 2 % 26 11 3B 19 ( serine/threonine
kinase 19, STK19 ) il 51 F1 K 4K 7 ¥ (1 Jeth = ik
(chelidonine ) AJ AE AT B2 Ji iy NRAS ¢ 7% CRC 1
VETEMREZ 4 P, NRAS F il MAPK 3 8 1 24
A5 AL & H LB ( mitogen-activated protein
kinase kinase, MEK ) #lI{l#], 1 MEK1/2 1 i 5
WHi 3 & )8 (tunlametinib ) , 7E NRAS 28 727 I 4
Fiivied H 5 TR R R R I B L A R T EE X
oAb 5 A 258, 4 EGFR ##15. SOS (son of
sevenless ) il 71 f2 % Sre [R] IR 45 #4355k 2 19 25 11 1%
% TR W% 12 1 2 ( Src homology 2-containing protein
tyrosine phosphatase 2, SHP2 ) #l#ll 5] 45, #% & 8
] L o BT RAS 3% AR g A2 1 27 X
A o518 3 LA I DA it APF 5 2 Ak S it R 1
. BIATERX) NRAS JEP 578 CRC HYHERRIREERIZ W
LH Gy F- BB FFIE TR ABRS
A BF 5% % W], RAS/BRAF ' /= W [] mf £ 45
HER-2 9" ¥ 5872 1) e #% 7' CRC H ¥ 25T HER-2 3R
TP R4S AREDY L CRC W HER-2 7 3 58 A%
(R A 1%~6% ), I HAE RASIBRAF
A Y BB K HER-2 47 WA 98 7% / 3k &3k F 91 3
(4%~14%) ' (AABFTE G 4E R KW, NRAS
7 CRC 4 H HER-2 3 H R IA Y BHTERIE 15%
(36/240) , H HER-2 &5 [ FHPAERIK S5 MR PNIAH
K (P=0.003) , iX 3 B] NRAS 7% % i) CRC & #
Al HE AT HER-2 HYHE [a] 3697 3k 25 . ASBIF5E AR R
HER-2 25 [ S 2H 20 2 4G DN 2 B PR 1 i o kAT

¢ V6 IF A 4238 (fluorescence in situ hybridization,
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FISH ) fil, Joikifi & & A HER-2 B[R 41,
A AE TR BAPESS A B, I, NRAS 28751
CRC H# e 738 1 il &5 HER-2 B BB HR 6347 L
PAFEAFAITE, A5 2 RS A SEIESE
&M AMMR [ CRC J& F X % 8236 97 B Y
“H o 120 AMMR 7 CRC ' 5 7.6%~
15.0%, 7E % % P CRC ' [ 4%~5% "“7 | H
dMMR 5 CRC 3 B M KN oA RE B2 K i
S B I PRT BRARAE A 5 Y . ARBIFSE o NRAS %
F 1) CRC 4 AMMR 5 2.44%, HFE#1E CRC
T dMMR %) & A= %A% &2 AMMR [ NRAS 58 7%
CRC BHE AR/, H 5 NRAS FEPIRU 5 5
A (P=0.018) , HIlRE SCA REE—BART .
Zi I r iR, KRAS/NRAS %75 5 BRAF 5278 2.
[ 4776 B /%, NRAS 3 [H 2748 ) CRC 84 M &
B4 5 PES #H5¢, RPTL M A H T LPTL F1Ji
KT H ) oA PRS B, 1 G13R (3 G12C,
G12V. GI2A. GI2V) %R 78 1 B H PFS ¥ K;
NRAS 9875 CRC B 3% F HER-2 75 H BH 23500 [
B, H5 PNIAHOG; dMMR 5 NRAS HE KU
JIRAR . X EEHFGEEE TR NRAS K 28748 CRC
FE AR AR YT RS AR AL T 2T B AR A
FARAL CRCIGIT I 58, AIKHE NRAS 2B RHIER
AH I [R) 3G 7 i, A0 FH RAF-MAPK 38 #%41 ]
. PUHER-2IGIT 4, I IR G097 T LR
TR ARIFSE AT LR T IR AR R NRAS 575
5 CRC Ilfe PRI BRRFAE FNETT SOV O &R, & 4T
X NRAS 7% W B BVRTT SRS 2%, L Bl e Ak
TorFRAERAERIIR T TR
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