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Abstract: Objective To investigate the clinicopathological characteristics of colorectal cancer patients with
different mismatch repair (MMR) statuses and their correlation with KRAS/NRAF/BRAF (KNB) gene
mutations. Methods The clinicopathological data of 477 patients with colorectal cancer were collected, and
MMR, microsatellite instability (MSI), and KNB status were detected via immunohistochemistry (IHC),
PCR—capillary electrophoresis, and next-generation sequencing (NGS), respectively. The clinicopathological
features of patients with different MMR statuses and correlations with KNB mutations were analyzed.
Results Compared with the patients in the pMMR group, the patients in the classical AIMMR group were
younger, included more females, and exhibited more tumors in the right colon, mostly mucinous
adenocarcinoma and poorly differentiated tumors (all P<0.05). The tumors in the nonclassical dAMMR group
were commonly found in the right colon and were prone to special histologic types (all P<0.05). MLH1-
PMS?2 codeletion, BRAF mutation, and KRAS G13 codon mutation were common in patients in both the
classical and the nonclassical AMMR groups (both P<0.05). The results of MMR IHC (100%) were highly
consistent with those of MSI PCR (99.1%). Patients in the classical AMMR group with KRAS mutations were
younger, included more males, and were prone to specific histologic types, but distant metastasis was rare
(all P<0.05). Conversely, lymph node metastasis was rare in patients in the nonclassical AMMR group with
KRAS mutations (P=0.005). The mutation rate of the MSH6 gene was relatively high in the nonclassical
dMMR group (P=0.002), and all patients presented complete deletion of MLH1-PMS2 combined with
nonclassical expression of MSH6 (100%). Five patients with medullary carcinoma components had comp-
lete deletions of MLH1-PMS2. Among the five patients, three had combined nonclassical expression of
MSH2/MSH6. Two of the three patients carried the MSH6 gene ¢.3261 locus mutation. Conclusion The
clinicopathologic features of patients with classical/nonclassical AMMR colorectal cancer differ from those
of patients with pMMR, and MMR IHC could be used to predict effectively the MSI status. The
clinicopathologic features differ between classical and nonclassical AMMR colorectal cancer patients with
KRAS mutations, but both groups present codeletion of MLH1-PMS2, BRAF mutation, and KRAS G13
codon mutation. In patients with nonclassical AMMR, complete deletion of MLH1-PMS2 combined with
nonclassical expression of MSH6 is common. Mutations in the MSH6 gene may play a key role in the
development of colorectal cancer with
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A: complete expression of MMR protein; B: complete loss of MMR protein; C, D: heterogeneous expression of MMR proteins. Positive-staining

normal intestinal mucosal cells or stromal cells as positive internal control (arrows). Main image: x40. Sub-image: x200.
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Figure1 MMR protein expression patterns in colorectal cancer tissues
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Table 1 Clinicopathologic characteristics of patients in the pMMR and classical/nonclassical AIMMR groups

pMMR group

Classical AIMMR group

Clinicopathologic characteristics n=341(%) n=97(%) P Nonclass;lc:a; g(llf;/m group P

Age (years)
<50 63(18.5) 37(38.1) <0.001 12(30.8) 0.087
>50 278(81.5) 60(61.9) 27(69.2)

Gender
Male 215(63.0) 49(50.5) 0.034 21(53.8) 0.297
Female 126(37.0) 48(49.5) 18(46.2)

Tumor site
Right colon 71(20.8) 53(54.6) <0.001 25(64.1) <0.001
Left colon 93(27.3) 29(29.9) 9(23.1)
Rectum 177(51.9) 15(15.5) 5(12.8)

Histo-type
Adenocarcinoma 299(87.7) 70(72.1) 0.001 28(71.8) 0.003
Mucous adenocarcinoma 24(7.0) 15(15.5) 3(7.7)
Others 18(5.3) 12(12.4) 8(20.5)

Histo-grade
G1-G2 248(72.7) 56(57.7) 0.006 28(71.8) >0.999
G3 93(27.3) 41(42.3) 11(28.2)

Lymph node metastasis
No 188(55.1) 73(75.3) <0.001 32(82.1) 0.002
Yes 153(44.9) 24(24.7) 7(17.9)

Metastasis
No 311(91.2) 95(97.9) 0.025 39(100.0) 0.058
Yes 30(8.8) 2(2.1) 0(0.0)

Notes: *: pMMR group vs. classical AIMMR group; #: pMMR group vs. nonclassical AIMMR group.

%2 pMMRZAFZH/IFZHMIMMRA L HIFE B EKNBRTLLER
Table 2 Comparison of KNB mutations among colorectal cancer patients in the pMMR and classical/nonclassical dAMMR

groups
KNB pMMR group Classical AIMMR group P Nonclassical AIMMR group P
n=84(%) n=43(%) n=19(%)
KRAS
Wild type 40(47.6) 19(44.2) 0.851 11(57.9) 0.456
Mutant type 44(52.4) 24(55.8) 8(42.1)
NRAS
Wild type 78(92.9) 42(97.7) 0.422 19(100.0) 0.590
Mutant type 6(7.1) 1(2.3) 0(0.0)
BRAF
Wild type 77(91.7) 39(90.7) >0.999 13(68.4) 0.014
Mutant type 7(8.3) 4(9.3) 6(31.6)

Notes: *: pMMR group vs. classical AIMMR group; #: pMMR group vs. nonclassical dAMMR group.
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£ 3 pMMRZAFNZ/IEZ BdMMRZEKRAS/BRAFZRE T 2 & Bl RFBIREFE(n (%))
Table 3 Clinicopathologic characteristics of patients with KRAS/BRAF mutations in the pMMR and classical/nonclassical

dMMR groups (1 (%))

Clinicopathologic KRAS mutation BRAF mutation
pMMR  Classical Non-classical pMMR  Classical Non-classical
characteristics
group dMMR group dMMR group group dMMR group dMMR group
Age (years)
<50 9(20.5) 14(58.3)  0.003 0(0.0) 0.323 4(57.1) 0(0.0) 0.081  0(0.0) 0.070
>50 35(79.5) 10(41.7) 8(100.0) 3(42.9) 5(100.0) 6(100.0)
Gender
Male 22(50.0) 18(75.0)  0.070  5(62.5) 0.705 3(42.9) 2(40.0) 1.000 1(16.7) 0.559
Female 22(50.0)  6(25.0) 3(37.5) 4(57.1) 3(60.0) 5(83.3)
Tumor site
Right colon 20(45.5) 15(62.5)  0.390 5(62.5) 0.598 3(42.9) 5(100.0) 0.116  5(83.3) 0.396
Left colon 9(20.5)  4(16.7) 2(25.0) 3(42.9) 0(0.0) 1(16.7)
Rectum 15(34.0)  5(20.8) 1(12.5) 1(14.2) 0(0.0) 0(0.0)
Histo-type
Adenocarcinoma 35(79.5) 16(66.7)  0.010  6(75.0) 0.126 5(71.4) 2(40.0) 0.222  4(66.7) 1.000
Mucous adenocarcinoma  7(15.9) 1(4.2) 0(0.0) 1(14.3) 0(0.0) 0(0.0)
Others 2(4.6) 7(29.1) 2(25.0) 1(14.3) 3(60.0) 2(33.3)
Histo-grade
G1-G2 32(72.7) 16(66.7)  0.781  6(75.0) >0.999 0(0.0) 1(20.0) 0.417  2(33.3) 0.192
G3 12(27.3)  8(33.3) 2(25.0) 7(100.0)  4(80.0) 4(66.7)
Lymph node metastasis
No 20(45.5) 17(70.9) 0.074  8(100.0) 0.005 0(0.0) 3(60.0) 0.045  5(83.3) 0.005
Yes 24(54.5)  7(29.1) 0(0.0) 7(100.0)  2(20.0) 1(16.7)
Metastasis
No 34(77.3) 24(100.0) 0.011  §(100.0) 0.328 2(28.6) 5(100.0) 0.028 6(100.0) 0.021
Yes 10(22.7)  0(0.0) 0(0.0) 5(71.4) 0(0.0) 0(0.0)

Notes: *: pMMR group vs. classical AIMMR group; #: pMMR group vs. nonclassical AIMMR group.

A, pMMRZH 148 ML dMMRA 5351 A 6451 Fil
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HBRAFRA, S5pMMRZ L, Zili/AEZiidMMR
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B (45.8%vs. 13.6%, P=0.005F162.5% vs. 13.6%,
P=0.016) , W4,
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Table 4 Comparison of different mutation sites of KNB in the pMMR and classical/nonclassical dAIMMR groups (7 (%))
KNB sites PMMR group Classical dAIMMR group P Nonclassical AIMMR group P’
KRAS G12 30(68.2) 9(37.5) 0.005 3(37.5) 0.016
KRAS G13 6(13.6) 11(45.8) 5(62.5)

Others 8(18.2) 4(16.7) 0(0.0)

NRAS G12 4(66.7) 0(0.0) 0.429 0(0.0) /
Others 2(33.3) 1(100.0) 0(0.0)

BRAF V600E 7(100.0) 3(60.0) 0.152 5(83.3) 0.462
Others 0(0.0) 2(40.0) 1(16.7)

Notes: *: pMMR group vs. classical AIMMR group; #: pMMR group vs. nonclassical AMMR group. /: Not applicable.
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&5 pMMRFINZe/IEZ B IMMRAMMREKNBE F 3=
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Table 5 Comparison of MMR and KNB gene mutations
frequency in the pMMR and classical/nonclassical dAMMR
groups (1 (%))

= pMMR  Classical . Nonclassical

enes group dMMR group dMMR group
MSH2  0(0.0) 3(20.0) 0.013 3(18.8) 0.045
MSH6  0(0.0) 2(13.3) 0.061 6(37.5)  0.002
MLH1  0(0.0) 3(20.0) 0013 5313)  0.005
PMS2  0(0.0) 2(13.3) 0.061 1(6.2) 0.370
KRAS 12(70.6) 3(20.0) 0.711 1(6.2) 0.016
NRAS  2(11.8) 0(0.0) 1.000 0(0.0) 0.524
BRAF  3(17.6) 2(13.3) 0.587 0(0.0) 0.286

Notes: *: pMMR group vs. classical AIMMR group; #: pMMR group vs.
nonclassical AIMMR group.

2.4 SEIRERE/ A I ERERHRE S BB I AR B R
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FEAMMRZ Hr, Ay SHI2H 2124 T g a6
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(ke g, b 1 MSH2 R MSH65E 3 2 3k, 34
MSH6 X 35 it 2% [A] isf MSH2AH 37 [X 38 2 1k 55 T %
B 1FIMLHTFIPMS27E AN [ 4 41 27 2R R ik i
A (Bgmrhoese ik, BRI b ek ) . X
SE B E Y IMSI-H, A 351347 TNGSKE, 24
FEAEMSHOEU R MAR RAE 7 (#he3261070 55 ) &
V9 47 7E BRAFEU PE 1A R 5722 o 5H 345 KNBZS

B 3 BRAFSEAE, L6,

3 itig
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JE I B AE IR EY) . KRASIESS B o UL
R Ze 748, KRASHEFAE R & BB AE HLEGFRIA YT
Rtk o NRASHEF GRASFELE H s b 1) & AR ALK,
{EL R M R 3 % B [ R Y 7 I S . BRAFZE
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Table 6 Clinicopathologic and molecular characteristics of five patients with medullary carcinoma or medullary carcinoma

components
Age . NGS
Gender Histo-type MSH2 MSH6 MLH1 PMS2 PCR T KNB
(year) MSI Variation
Male 49 MC A A B B MSI-H ND wt
Male 65  80%AC+ C C B B MSI-H ND wt
20%MC  (weaker)
Female 70 70%AC+ C C(AC B B MSI-H MSI-H MSH6:¢.3261dup BRAF mut
30%MC  (weaker) partial loss) (p-Phe1088fs)
AF=16.57%, |
MSH6:¢.3775 _3776del
(p-Asn1259fs)
AF=17.90%; Il
Female 79  90%MC+ C cMmC B B MSI-H MSI-H MSH6:c.3261dup BRAF mut
10%MAC (weaker) partial loss) (p-Phe1088fs)
AF=13.48%; |
Female 84  95%MC+ A A MC-AC+ MC-AC+ MSI-H MSI-H BRAF:c.1799T>A BRAF mut
5%AC (p-Val600Glu)

AF=17.54%; 1
Notes: AC: adenocarcinoma; MAC: mucinous adenocarcinoma; MC: medullary carcinoma; A: the MMR protein was completely expressed; B: the

MMR protein underwent complete loss; C: the MMR protein underwent partial region loss or became patchy; D: the expression of the MMR protein
was weaker than that of the control; AF: allele fraction; I : variants of clinical significance; Ill: variants of unclear clinical significance; wt: wild

type; mut: mutation type; ND: not done.
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