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Abstract

Key words

Background and Aims: Mutations in the mutL homolog 1 (MLH1) gene can lead to inactivation of the
DNA mismatch repair (MMR) system, increasing the risk of colorectal cancer. Additionally, growing
evidence suggests that alterations in the composition and function of the intestinal microbiota are closely
associated with the occurrence and development of colorectal cancer. However, the relationship between
MLHI1 protein expression and the intestinal microbiota remains unclear. Therefore, this study aimed to
explore the potential relationship between them by analyzing the differences in the microbial
composition of tumor tissues between patients with proximal sporadic colon cancer (SCC) and different
MLHI protein phenotypes in Northeast China.

Methods: Tumor tissue samples and clinical data were collected from 407 patients with proximal SCC
treated in Harbin First Hospital and Heilongjiang Provincial Hospital between 2020 and 2021.
Immunohistochemistry was used to screen for cases with MLH1 protein deficiency (deficiency group)
and intact MLH1 protein (control group). Microbial DNA extracted from the intestinal tumor tissues was
analyzed using 16S rRNA gene sequencing technology for bioinformatics analysis. The relationship
between clinicopathologic features and the diversity of specific taxa and microbial diversity was
analyzed.

Results: A total of 20 cases were screened in the deficiency group, and 18 cases were screened in the
control group. Preliminary analysis of clinical data showed that the larger the tumor, the higher the risk
of MLHI1 protein deficiency (P<0.05). The a-diversity of the microbial community within tumor tissues
under different MLH1 statuses showed no statistically significant differences except for the Shannon
index (P=0.042). Other diversity indices had no significant difference (all P>0.05). The B -diversity
analysis of microbial communities at the phylum level showed no significant differences between the
two groups (P=0.076). At the genus level, B-diversity analysis showed that the differences between the
two groups were greater than those within the groups (P=0.04). A comparison of the abundance of
bacterial genera revealed that the abundance of the genus Coprococcus spp may promote MLHI protein
deficiency (adjusted P<0.01). However, there were no significant differences in the Shannon diversity
index between various clinicopathologic variables or key species with different abundances (all P>0.05).
Conclusion: The MLHI protein phenotype of proximal SCC patients is closely related to the
composition and diversity of the intestinal microbiota. Moreover, Coprococcus spp was identified as a
potential key species associated with MLH1 protein loss in this population, providing a new perspective
for future research, prevention, and treatment of this disease.

Colonic Neoplasms; DNA Mismatch Repair; MutL Protein Homolog 1; Microbiota
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ERIEER, 4 Wi (colorectal cancer,
CRC) WY RN HRHHIL AR B AE F I, [
J A AR DY ORGP B, BT IR B R i YT
TR D TR AT s AR SE WL, TS CRC 4y
R R 5t A% P CRC LA 45 W i (sporadic colon
cancer, SCC) ., MRk M, T E A E M
(microsatellite instability, MSI) K25 SCC KN
15%~20% , 1 mutl [6] J5 7 1
MLH1) [N 5 3h 5 % AL 2 SCC /B H H 2
WK G . BeAh, ST AT R SCC RS R FIIT
USRS 00, AT i E BRAF 58 22 4R 25 F1 MSI
AREARLIHY . AR (Z2Fsif) CRC#E
Ti0r FHEW 5T, R B BRAF 28748 L) Jz MSI 7£ it
Uig CRC Y & AR R B 7 AR, R 5T &
Pz R A O AR A A, IR AL
o SRy TR AR, RS e T Y A A
oo, UM AR MSTAE S i 5 S 22 36 97 v 2R
PRa&EPOO, BORBZ BTG . A, X
PR AR 35 400 08 0T 5 3 BN S T DL AR Bl R 52 A
A R BIIR YT BOR o 5 BE R T A O A8 8 E T EL
I W) 10 T I A W | R R R A R T A 2 i
PRIV g T TR 7 AR A (R A E T R AN
RIEERRIIIR ), ZRESSMAEY 5m EZ B Rl
S ER A5 WP (2 N E s S T OO 1 A R
MLH1 # H 2 3k 5 18 B A & BA SCH M i A
o B . AW ST BT X b E R AL e XONHE,
16S rRNA 2 [K ] J3* 73 #7 3L i SCC A& 4 72 A [7] MLH1
AR B IR SV A A 0 A2 AL, 48 O i
SCC #4518 W BF 1Y 22 57 5 MLHI1 28 11 8k 19 ¥ 7E
K&

(mutl, homolog 1,

1 #MREFE

1.1 BEARSEAUE

W58 % 42 4 2020—2021 4F 2k H v [E AL 3 X
T PR e V148 e R I T 5 — B e A 2R e VAR B e T
ARUJER A CRC F8 & o W AR A8 3% i A e A AR
Flm PRECHE . AR 35t % M 25 1 8 I K2 iR K
FAE L Z RS W R AR, LA 36 FE R
JEBE A Z 512> (American Joint Committee on Cancer ,
AJCC) i R J3 BT A5 RE A A0 0 2 o R A AN
HEBR bR . (1) B E T T AR A DI BR AT A 45 3%
7 ENET ST RIGST ;s (2) LT AJCC 5 8 it
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XFTNM 73 2615 B #EAT R &, JF AR 4 A5 il i TNM
FE CRC W2 W (3) & 4ol 4w (i 3F 2 [ B bt R
25 VTS W Ek g AR R O R HERRTE S s (4) HE
% 7 JFL At A 7 34 650 5 18 1 M G B L At R e 0
2. BY S SRR BRI . AR BRSO L
AR — R BE A0 B By St (HLHES .
02021-064 ) .
1.2 REALEeE

K MLHL (G H2A A, EAfAIMN) . PMS2
(THAF, HEAEM), MSH2 (EHAR, hE
FEM ) . MSH6 (38 2 @, " E 4 JH ) F1 BRAF
(B, PEBE) MPRPLLE 4 mm Y R )5 i
AT Ze AR I o g 5K D0 7 B0 o BH R X R,
ok A8 2 IO R 356 B 45 58 B, 1 {67 1] OLYMPUS
BX51 5t G B X e 8 i A 200 AT AR H s . G
0 F IR AL R B, BT AT B Sy BH M 52
Wi E E A RAEE, WRPUAT 2= 1R BT
PR Sk B PE ) R 2 R 5 B B 2 (mismatch repair,
MMR) & HRIKERI . FrA I A 1K 5 2 4
Rl 5 LR 4995 ERL 42 B 22 U1 52 oK o
1.3 DNAIZEUR 4 16S rRNAJIFE

G 1 R 2H 2 FH AR R B R A, T A A
ML BEAREACR 8 wm i SE V) A 10 5K il 1l i A
ICEFETEME T, RIFTE-20 CFRE, HEF
FH T 16S tRNA EE RN T o PP A G 2k . X Fn
it 38 70) 7 A T 24 28 ) SR AR I BE o H FastDNA®
SPIN Kit (MP Biomedicals, &) Soil $2 B0 7] &,
I ZH 250 e 4 IO B L PR 4 DNA . 4R 5 i 3 5
¥ (515F 5-GTG CCA GCM GCC GCG G-3' FI
806R 5'-GGA CTA CHV GGG TWT CTA AT-3') %
PCR #" 18 16S rRNA K& X V4 Xk, [5] i A 32 3k
FESVRRE SBT3 R 95 °C 3 min,
SRIG 95 °C 30 s A8, 55 °C 30 siB 2k, 72 °C 30 s ik
fifr, 304G, R A EEE N Y TE 2% BiE
MEBE R [ H WK o AxyPrep DNA #E i [ Ui 7] &5
(Axygen Biosciences, FE[EH ), 4Ly 1 ¥ If
PEAT A . BEER B0k PCR 72 1) 15 21 e 2 1Y SC
F ] Miseq PE300/NovaSeq PE250 -4 ( 26 7 4= Wy £
GBI ARAR, TE LR #FT0F. SR
B Z T B IEN, R AR RO A Y R IR R s b
& 2 ¥ 1Y Figshare £ 45 . (J¥ 41 % ;. 10.6084/m9.
figshare.21153547 ) .
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1.4 EYERFSH

{ifi i USEARCH 11 LA 97% K 15 {4 7 1) 5 2y
Al #: AE 4> 2% B JC (operational taxonomic units ,
OTUs) , % Bri & WK B A R OTUSs i i
[t %} Silva 138 (http://www.arb—silva.de) W Fh 4 2 %
PP, R EEE R 07, LIS — 2550 Hr .
N % kg IR % HE 2 0 B (Ribosomal Database
Project, RDP) 432K %% v.2.13 %F LA F 98 & o (1
OTUs 1t 3 ¢ %1 i £7 4 25 . Greengene v135 F1 RDP
vIL5 . T 48 78 B TP 2% i R AR R A O R v B R
% K, K HH FastTree (version 2.1.3) B4, ikt
fie K] 29 1 MP Pk € & F JE OTUs, JF 78 £k XS
NCBI 544 )&, Bootstrap {H % # 8 S00 IRE & . AR K
WEFE b, KA X R S OB <1% 1 RE Y
&) 5E 2 Others , 10 0 2 Hh AL S RE . 32 A8 A5 03
o (principal co-ordinates analysis , PCOA), &—Fp
3 3k >R FH AN [] 000 B g 530 0 i i 2 2R b 1 T R
A7 W AR 48 B2 B — B o3 A D5 ¥, AT LA T Al 0 4T RE
9 25 5k 5 OGP . 1B AY IR B 5 1 /2 Bray-
Curtis, & | Mann-Whitney U test £k Fl % 56 %J 9 41
W AE UEAT A W] K S 6 9 B L AL, I 48 FDR
KOE G M F P R B 2 R, BRIER W PIE
(BRI qfl) <0.01. AR B 11 0 A6 R B2, DArp
BLE Ry oy B, BB SEOKE o m . P
AR, ARG R E B RE Y 9 S B o R ] Fisher
A6 55 B DRL 2R 7 28 A6 56 0 BT 5 I R S 8L R K

MLH1 PMS2

MMR 25 [ ik e s

MMR 1B 1R H

E1 PEALAHAREMMREEHHEEA]

HEESUMEZFEEN R, St AERZ H W
M ERIES (version 3.3.1) .
1.5 SEitFE4bE

IIfi PR 2 50 Y 2K 48 12 FH SPSS 21.0 % 35 7 i 4fs it
o3BT o XA G IE 2 4340 19 3 o B0k R 34k +
brifE2s (x +s) Fom, HRIEEBRH oKL; 14
FEORLHBIEC (EH) [n (%) 13, 4
K Fisher K256 . P<0.05 025 57 HA G it2# 5 X,

2 & R

21 RiHSCCEEMBALAFRBANERN

FRix

K B 8 2 Ak SP YR A 2 7%, MLH1, PMS2,
MSH2 . MSH6 VU #f &5 1 dt 4k 32 22 3% 3K T 40 il #%
EAE (E 1), 407 6 834 h MMR & (2 58 Gk
() BE R 31, RV 7.6% . T MLHT . PMS2
MSH2 . MSH6 5 [ it 2% 1 8% 5 MMR 2 1 ik i
0 He o ok 64.5%  (20/31) . 22.6% (7/31)
9.7% (3/31) . 32% (1/31) . {£ MMR & & & 1 h
MLHI 5 PMS2 i B% , 1fii MSH2 5 MSH6 i 5% . HJ
MLH1 (8¢ MSH2) #& [ &t 2% [F] B PSM2 (5 MSH6)
EPBSBEAE, i PSM2 (5 MSH6) #1164k
1}y BRI R 2 . P MLH 85 [ Bk 26 (4 T A 2H 41
FEAFEAT BRAF e 0, ¥ Bs MEE@Ai i, 2
PEFIE,

MSH2 MSH6

X

g (xzoo)”

Figure 1 Immunohistochemical staining of different MMR proteins in tumor tissues (x200)
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2.2 IGREEHITER

VERE 34 20 5] MLHT 2 18l 2K 14 305 3 SCC g
MY (Bedl) 5AEE 55 MLH1 8 1 58 5 04 i g
HEL 18 (X AR ), I Wb 4E 2 09 I IR A5 B TR 7
A I DR s B S o G DR B4l 4 A 45 2R W7k, MLH1
E A5 MR RN & (P=0.03), B % K
HAE>4 em, MLHI1 8 628 09 OB A8, T H At
FWOKF BTG EE L (P>0.05) (£1).

1 Lk SCC BE MG RAFE
Table 1 Clinical features of patients with proximal SCC

FFE B (n=20) Xt HRZH (n=18) P
WY 5+ s) 62.8+13.25 63.5+7.73 0.85
el (%)]

5 11(55.0) 11(61.1)
0.75
& 9(45.0) 7(38.9)
Jiggd R/ Nem, n(%)]
<4 2(10.0) 8(44.4)
0.03
>4 18(90.0) 10(55.6)
SRR (%)]
[=LE 17(85.0) 12(66.7)
0.26
1% 3(15.0) 6(33.3)
T4 M[n(%)]
TUT2 3(15.0) 4(222)
0.69
T3/T4 17(85.0) 14(77.8)
N 5[ (%)]
NO 17(85.0) 11(61.1)
0.14
N1/N2 3(15.0) 7(38.9)
M 53-8 (%)]
MO 20(100.0) 16(88.9)
0.22
M1 0(0.0) 2(11.1)

2.3 k% SCC MYB AR N & & = iE £ F 12 1E

#R

HR % PCR K I 45 5, AT H A 4% 1Y FE A< 0 F
AR @ E EHLINT o # i /NEAS OTUSs 7 51 £ 4l
oV JE L B g it R — LR AT 2 054 807 45 A1 Ak
FE5, BB 526 085 287 bp, JF I K Bk
256, Z OUTs ¥yl 73 2K 15 B geit, 4r s 49 1
BRI, IS3ARERENE, 371 WA E 2K,
646 MRS, 1394 AR, 63551 0TUs.
24 R SCCHMBALANBEEHMERMES S

20y

Jir A5 B fh 1Y B RS il 28 (rarefaction curve) 5
Shannon-Wiener [ 28 70 #7 76 1 0 52 R 2 1, il £k 4B
EgmE (K 2A-B), 200 F 0 3% 2%
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T, Al LSS 43 3 B i 3 i e 20 23009 T RE Y A
AL, SXFRRAIA L, WAL Z AR OC &R 1Y Venn [£]
Bx, A9 RETT TR 10 4> 2 i 2k 20 i R 4 20
—I B RE (FE2C), 1394 T HEE A 411 A2 6
L Wb AHME— AR (151 2D)

iz ] Wilcoxon rank-sum A6; 56 X5 4 21 0 7 16 A6 5%
JF 58 Sobs . Chaol . Simpson Al Shannon & % iz 5. .
W2 P, RWERE Y 55 5 Y Sobs F1 Chaol 45 %X
FE i K 40 TP omg T BRAL, BB VR 2 AR Y
Simpson 5 BT Gl 2% 20 P g AR T X AR, (H2E R 1Y
TSI 3 (35 P>0.05) ;5 i 2 WLHEVE 2 K 1 1)
Shannon 8 %, 2% 40 B 2 = T % B 2H (P<0.05)
DL B SR WY, T 47 b e 4 200N Bl A 0 0 e
FRERAL, R R 2R R A
25 A[EEHGSCCHBAHRANEREEIIRKEL

HIBE R

TE W AT 43 280K B (&1 3A) , F H] Bray-
Curtis B3 25 J B 9 531 £ 47 PCOA 23 # (113B), H
& B BT 7R PCLfi B R O 67.85%, PC2 fift B R Oy
16.79% , Wi N 22 5% KT M4l 22 55, JCW
Geita L (P=0.076) o X HRZH v B 11 £ 6 5
JUF-7 5 1 2k 21 A B {5 A B, 1A 7R 2 i) R R
MMIPER R . ARSI U], TEbk K 4 B 5 X R
R E N TR 12K R ] 5 N TE 2
TEBR R 2 50 A e & R T, B
[T (Proteobacteria) . LR [T (Actinobacteria) . J&
BEDE ] (Firmicutes) L XAUFFE ] (Bacteroidetes )
FEPUASTERE, 0 o R Y 96.92% F11199.55%
LA PR A e A X 3 B A i ) B F 2 Proteobacteria .
2.6 AREEHHSCCHBHANAHEREKEL

BB RFZE AL

TE BB B9 25K F I, F)FH Bray-Curtis 75 55
FE B 50k B AT PCOA 73 M (&1 4A), HICA BT i s
PC1f# B % N 63.18%, PC2 Mt K N 11.69%, W4l
FZERRTHANZES, BAWNENSEITSEX
(P=0.04) . X REZH B A 109 50 A A o 55 e 2 2 1 8 15
W 188 A — 5 R D 22, 150 B T 4 ) B RE R A 22 5%
TGS 2 A B P SR s BT 114> (14B),
i L4 B 93.24% 1 97.76% o o v 21 T M X
JE o ) TR B 2 Z03K I JE  (Rhodococeus ) o 38 2 5
45 kA AR 3 A 2 B, Rhodococeus T# J& 1 5 25
B J& (Streptomyces) K Uil F Actinobacteriota B ],
ZF A ® 8 (Bacillus) 2K ¥ T Firmicutes & ],
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Rikenellaceae_RC9_gut_group i J& K IR T Bacteroidota
W 1, unclassified norank Bacteria & J& & JH T
unclassified_k__norank_d__Bacteria # ], H4H & &R
VB T Proteobacteria [ ] (& 4C)

POk, i Wilcoxon fF 5 B S, HAZRF
B B A 1274, 78 1AL TE 8 h e 40

2 400~

— kAl

— Xf/RH
OO = = (=} = = (=) =
s 8 8 8 8 8 8
sl (=] v (= 'e] o v

1 — Q [\ A (0] A

A

BRI

qyie]
X HEZH c

B2 sRERAFREMEARANBENEFEFEEEMSHNE

ARG ZESIEHEE (¢<0.01), B
FERE JE  (Coprococcus) (18 5) . 5 X BB 414 [,
@%%éﬂqjCOprococcu5%%E"]$§%f‘kﬂ%, JFH
RIZ B A TR A . N EIRE R % &
X B TE SCC 8 & M H A NI AATE, W RE 2
M MLH1 25 s iy st (i) Prfh.

’ — gkl

- —
GO (o) (o] (== (o] (o] (=) (o]
E 8 2 8 8 8 8
) (] v = ) (= )

— — [S\] (o o o B

R

R

i
XFHEZH D

A Sobs JFFNEAN T & Z [ FGHZE; B: Shannon

FeAVEUG T o B Z B MR s C: TI20KF B, AU T PR 2L LRI L= Rl R 19 70 2609 Venn 1815 D: &

R L PR AR A Y Venn [£]

Figure 2 Microbial community richness and diversity in tumor tissues of the deficiency and control groups

A: Rarefaction

curves of richness estimated by Sobs sequence numbers; B: Rarefaction curves of richness estimated by Shannon sequence

numbers; C: Venn diagram representing shared and unique taxonomy between the two groups at the taxonomic level;

D: Venn diagram showing the microbial community relationship between the two groups at the genus level

x2 WABwSEEDN

Table 2  Analysis of a-diversity between two groups

TEH Bl X 2 P
Sobs 312.15+219.68 204.89+177.18 0.081
Chao 338.87+223.48 228.71+179.10 0.099
Simpson 0.1620.11 0.30+0.05 0.052
Shannon 3.12+1.26 2.23+1.47 0.042
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Figure 3
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Analysis of species composition of microbial phyla between samples

samples; B: Bar chart of microbial communities between the two groups

Riococ
0.93

Corynebacterium I

Streptomyces l
Aquamicrobium -
Ochrobactrum ||
Rikenellaceae_RC9_gut_group |
Bacillus [l
lassified_norank_Bacteria [J]
Preuudomonas [N
Acinetobacter -

Enhydrobacter l

Stenotrophomonas .

Delfia [N

unclassified_Comamonadaceae ||

L Bordetella IR

0 10 20 30 40 50 60 70 80 90 100 110 120

0k

LSRRy

Figure 4 Analysis of species composition of microbial genera between samples

A: PCOA analysis between the two groups of

Bar Groups

-

- IR

Taxa

== ['irmicutes

== Bacteroidota

= unclassified_k_norank_d_Bacteria
== Actinobacteriota

we= Proteobacteria

400 k c
B4 EEBERHNYMAEARSHEREBRNS T A WL FEARAI ) PCOA 43 #fr; B: PRAIREBERIADIRIE; C: RFE kAL

A: PCOA analysis between the two groups of

samples; B: Bar chart of microbial communities between the two groups; C: Phylogenetic tree analysis
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95% confidence intervals W e
z ~yr
g
2 f ® {5 0.004 012
T T T T T 1 T T T T T T T T 1
0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

Proportions (%)

Difference hetween proportions (%)

Es5 ZERREFENSHH, EEARERNYFLER

Figure 5 Comparison of species with significant differences in genus abundance analysis

27 MERKSH . XEEHSEMSHEENXER

FEBf A T B Fnxt B2 o) i a0 i A AL
PEAT A 24y A, DL A R Y o Z 84 (Shannon
RO R LI R P S8 (R AR
RBURE . WEHRE | mARE) X, IR
9 B2 505 21 ] Shannon 48 500 43 M b, 4 8o
BiitFE L (B1P>0.05). FJ5, 43#T Shannon 45 %%
5 TR = B 0 S B B 22 e R DG o AR BB O A
N A T5] Coprococeus B J& 1Y & 4 2 & 5 Shannon 8 %(
f 22 5t 43t 2 7 X (P>0.05) , i 76 XF B 2
Coprococeus T J& B HBAME (£3).,

=3 WAHBoSHFESMEHE. XBRABNXR
Table 3 The relationship between o -diversity and tumor

characteristics, as well as key bacterial genera,
between the two groups

FEAE o ZFEM: (Shannon $8%7)
‘ Wdl(n=20) P AEE4L(n=18) P
IR/ N (em)
<4 3.09 2.39
0.97 0.70
>4 3.12 2.10
I ALRRRE
/e 3.21 2.07
0.44 0.33
i 2.58 3.01
rlw %/ﬁ)ﬂ
T1/T2 3.09 259
0.97 0.66
T3 3.12 216
N4+#i
NO 3.34 231
0.06 0.78
N1/N2 1.87 2.10
Coprococcus Spp
BRI 291 Kkt
=P 3.75 Sk il

TE N TIPS [ M0 I 3R B 2 B AR A W X R -1
FEEAR R 3 2EA 53 S0

Note: Using the average abundance of microbial communities as the
cutoff point for classification to evaluate the abundance levels of

different microbial communities

3 i #

AWESE SR, 7 MMR 2K 113 35 6k 2% 1 05 451 v
MLH1 8 i 2 19 26 35 fe i o (B I8 Bl 2K 295 1 %) fieb
P8 4 20 N AT BB A R [R) T X6 R 2EL 95 191 1 45 o 25
I L3 6 B B 7 g 205 191 T B R i AL R R 22 R
ZIABAFFE S E R G . Sk, SR 16S rRNA %
PRI P 52 A Sk o 98 2 280 D9 Bl A 0 2 1) 40 ROR 2 R
PEHEAT B o R BLAE I i SCC AR AN [A] MLH1 28 1
Tk o« ZHEME LR S, BR Shannon 48 2058, HoAth
6 B R o BRI R o k2 R G R AR
o SR, TE WG 4R R] 2K P B RE Y 4 A
dr, R AE LR B Coprococcus W @ A
AR F 225 0 BRAh, 20 P9k S G A i AR X =
JE 9 22 571 55 Shannon ZREMEFE BB AT IR R &

3 A N g E 5 PR A ) KRR Y & B, MST
(4 % A= FEE i1 T DNA MMR 2450 8o, 75—k
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