H32E 4 P EEEIMRE Vol.32 No.4
2023 44 H China Journal of General Surgery Apr. 2023

doi:10.7659/j.issn.1005-6947.2023.04.010 . %Eﬂﬂzﬁ 29 .
f: http://dx.doi.org/10.7659/j.issn.1005-6947.2023.04.010
Lt China Journal of General Surgery, 2023, 32(4):557-565.

ETEMERES TS IRETERVNRNAREE S
AR B 1

W, EREC, BB, EER, FEL, BHER, F£E

(1. ¥R FhiEEFRMERNER REA, #d kM 412007; 2. PoaRFAMESFR REF R, Hd K
410013)

= ESEE5EM: 4 (COAD) AR CIE T 1 EZ R K 2 —, GBI COAD B E S, Il
COAD A7 KBS R Z S o FEZ . /N RNA (miRNA) 38 23§ 1] R % mRNA J732 2 5 Mo B 92447 A
¥, BN EA R SEATR AR S . ASWFSE B LR A AR W 0E 2% T 1 5508 COAD T3l J5 miRNA Jf44
ATE FINALAS , S COAD T FI W Fn il 1T AR ST I RIS %

F5iE . AN TCGA $di Fe v R 4% COAD 35 I R 15 B LA & miRNA-seq A4l , AR HU2E 55 19 miRNA . 1| ] 2
A I 228 Cox He A9 RURS: (71 U058 20 4 A5 SE BE TS miRNA, 22 [H 28 Cox [B1 AR IR AR 2 JXURG: I 038 2
o FIH Kaplan-Meier J7 %5301 o AR KU PE 43 838 9 AR APIRES 5 ROC T2k DAk KUK D743 (9 SIURE S SR
SEE, I HOEEAS B LA L 50% 1) 995 19 450D S 30 IE o SR FH IS XU 452 780 1) £ [ 55 RL ff 7 COAD J8 3%
I AR 97 2 2 B30 B KU 143 (i FH Targetscan K2 miRDB 30040 2 4] 390 f5 miRNA A58 78 5 47 0 35 X 350000 LA K ]
String BHE PR #EAT 26 11 5 AR 1 ELAE 28 43T o
SR ZRRIESVIIRG 3200 miRNA, 1674~ L, 1534 F . FlFH SR 5 FL £ 78 B Cox LR
W6 0] U % 22 55 B9 miRNA #E4T7 20 BF . & 8 miR-503-5p. miR-335-3p. miR-185-5p. miR-4436b-5p. miR-
125b-2-3p k) COAD H 3% SCHE FilJ5 miRNA . 2545 URS PF 43 B A A7 e Br i SR o, o KUBS 9T 43 B 3 1 I
28 AR IF 2 5 (P=0.005 6) , 7EREHLABCY A AR ik 20 vh W A5 B 983k (P=0.014) . 1. 3. 54F
RS PE A4 ROC T 26 1 AL (AUC) 4351 0.666 . 0.724 . 0.707, N FBEIELH 2 51 0 0.681 . 0.699
0.703, Cox [l A 43 BT 7R, 7 FH T FU COAD 8 25 T 150 51 28 141 (1 — 30 2 80k 0.836., PR E %
Bl Cox 43 BT 7, 75 BT ZH K2 oy 40 ik 26 i JRURS: 9F- 43 J& COAD Ay Tl J5 I3 (34 P<0.01) . miRNA
O RE DRS00 AR A 87 AN LA . B 5 AR 1 ELAE £ A BT AR AR 10 S B T AR Y GBI A
518 T d 7 COAD WiJ5 miRNA B7Y DL K JEFARWSY . AJCC Zr 1. T30 . Btk s A JBOXURS: I 3 S5 IR 3%
a3 1) 471 2 PR o 0 50 COAD B IRURR: L Xof 2 5 vy AR XU S 3 R T 0000 5 B DA S o A A
IRV AL B35 B Rt
X A ZER M s MURNAs; LU f 6 e Ao, %) 2 ]
FE S %S R7353

E€UBR: HIrARINTTRH RO RIR T i L0t o B RS S B HIMEEH (2022) 151 IR A MR TR 48 5
PEHHRAE ST B H R R (2019) 575,

WKfmHER: 2021-09-29; 1&ITHEHEE: 2022-04-21.

EBTI T TR, RE R IAE S 2= B BB AR EE B A e R, 322 PSR Ab R 40 s O I o

BIE1EE: #%EM, Email: hmylw808@163.com

© WA F [ H3E A FH 4 E BT http://www.zpwz.net
557


mailto:E-mail:hmylw808@163.com

558

b E A RS $32k

Identification of prognostic microRNAs in colorectal

adenocarcinoma and prognostic prediction model construction

based on bioinformatics analysis

XIANG Yao', WANG Junpu’, ZHOU Weihong'?, REN Jiangiang', XING Wenwen', CHEN Dongliang',
HUANG Meiyuan'

(1. Department of Pathology, Zhuzhou Hospital Affiliated to Xiangya Medical College of Central South University, Zhuzhou, Hunan
412007, China; 2. Department of Pathology, School of Basic Medical Sciences, Central South University, Changsha 410013, China)

Abstract

Background and Aims: Colorectal adenocarcinoma (COAD) is one of the major causes of cancer-
related mortality, and accurate prediction of prognosis and assessment of survival risk factors in COAD
patients are particularly important. MicroRNAs (miRNAs) extensively participate in regulating tumor
biology by targeting downstream mRNA and have become promising biomarkers for application
research. This study aims to identify prognostic miRNAs for COAD through bioinformatics methods and
to construct a prognostic prediction model, providing references for COAD prognosis determination and
individualized treatment planning.

Methods: Clinical information and miRNA-seq data of COAD patients were downloaded from the
TCGA database to obtain differentially expressed miRNAs. Key prognostic miRNAs were obtained
through univariate and multivariate Cox proportional hazard regression models, and a risk score
calculation formula was constructed using the multivariate Cox regression model. The Kaplan-Meier
method was used to analyze the survival status of high- and low-risk patients, and the sensitivity and
specificity of the risk score were evaluated using ROC curves. Internal validation was performed by
randomly selecting 50% of cases from the sample. The prognostic risk nomogram model was used to
determine the clinical and pathological parameters and risk scores of COAD patients using a column
diagram model. The Targetscan and miRDB databases were used to predict target genes of the prognostic
miRNA model, and the String database was used to analyze protein-protein interactions.

Results: Differential expression analysis identified 320 miRNAs, among which 167 were upregulated
and 153 were downregulated. Univariate and multivariate Cox proportional hazards regression analysis
of the differentially expressed miRNAs revealed miR-503-5p, miR-335-3p, miR-185-5p, miR-4436b-5p,
and miR-125b-2-3p as key prognostic miRNAs for COAD patients. The survival analysis results,
combined with risk score, showed that patients with high-risk scores had significantly worse prognosis
than those with low-risk scores (P=0.005 6), which was also validated in a randomly selected internal
validation group (P=0.014). The area under the ROC curve of the 1-, 3-, and 5-year risk scoring models
were 0.666, 0.724, and 0.707, respectively, while the values for the internal validation group were 0.681,
0.699, and 0.703, respectively. Cox regression analysis showed that the consistency coefficient for the
predictive nomogram of COAD was 0.836. Univariate and multivariate Cox analysis showed that the
risk score was an independent prognostic factor for COAD in the modeling group and the internal
validation group (both P<0.01). The miRNA target gene prediction revealed 87 target genes, while the
protein-protein interaction network analysis identified 10 key genes involved in protein interactions.
Conclusion: The COAD prognostic miRNA model and the nomogram constructed based on factors such
as age, AJCC stage, T stage, radiotherapy and chemotherapy, and risk score can accurately predict the

risk of COAD, providing a theoretical basis for identifying high or low-risk patients, accurately
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predicting prognosis, and assessing patient survival risk.
Key words Colonic Neoplasms; MicroRNAs; Proportional Hazards Models; Nomograms

CLC number: R735.3

ZE W B9 (colon adenocarcinoma, COAD) J&%4%
[ A TR P B UL RO AL Z 2R R S R
UL E , BRAEAM X T EE K., 2R
2020 4F, BREE AN 6.0% (1148 5154)),
i B8 R 2k 5.8% (576 858 il ), B4 I
U2 /N RNA  (microRNA, miRNA) 1F B K &
H 20~23 A BT R A9 AE 4 i RNA, il it 5 Argonaute
A BT 20 %€ i miRNA 5 3 TR 2 A K (miRNA-
induced silencing complex, miRISC) , L # i & %b
mRNA F0 4 B33 DL K $8 AR mRNA (1) B fige f 0 2R
BRI IR, miRNA HA /N DL R 7E 45 Fh A W
A (g2, i A FEfE ) thAR g R IR REE
Sl H % B R BRI B AR AR e
CA DI R, M0 miRNA &% 25 g 9850 . i
G RIS AN R g O A R e S 32
TiJE A8 78 Y A AT S B A bR AR
miRNA =E (2 28 V4G I an DR e . B 0 4, A
T3 7N B 58 Ik WM AR I R )12 WF 98 o Aftab 55U
WS "B S50 9 T RR S R E AR A OO PR Ll
B E SR A R bR A,k 3 R SR
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fili NSCLC #F J& 1) v] 5 1 J5 A= W b i) o Janpipatkul
SEUSE ST 10 A A AR miRNA 7E osimertinib ifif 24 1)
NSCLC & & i i 3 0 o Fr A 10 408 78 1 A1 s 1A
miRNA [ I8 5 96 57 2 T XU RS [ AIC i A= A7 R
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Figure 1 Differentially expressed miRNAs
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A: Heat map (miRNAs differentially expressed in cancer and adjacent tissues);

B: Volcano plot (red dots representing upregulated miRNAs; blue dots representing downregulated miRNAs; black dots

representing miRNAs with no significant difference)
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0.707 ([&13C). 3. SAERTA 5 0.681, 0.699, 0.703 ([&4C),

B2 Lasso @34 A: LassoffittBH R B: S UIHENFESHO (i i 72
Figure 2 Lasso regression analysis A: Dynamic process diagram of Lasso variable selection; B: Selection process of cross-
validation process parameter A

1 %EXE Cox EFHRE S COAD £#& OS A E#H % A miRNA
Table 1 Multivariate Cox regression model of miRNAs related to the OS time of COAD patients

hsa-miR-503-5p 0.497 1.643(1.242 3~2.173) 0.001
hsa-miR-335-3p 0.620 1.858(1.163~2.970) 0.010
hsa-miR-185-5p 0.853 2.345(1.195~4.602) 0.013
hsa-miR-4436b-5p 0.792 2.208(1.172~4.160) 0.014
hsa-miR-125b-2-3p 0.311 1.365(1.015~1.837) 0.040
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heamA 1250259 3 ——34EAUC=0.724
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heamiA 35530
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3 SREIESSERKBIES COAD EEFGRBEE  A. S (406) MR (E6) BEXBIES 6. A7
IR (B IR L OUEIET ) B miRNA FE A (LSRR LN ik B Ui N
K&K ; B: mKEEITE SR T B FH AL (e Em RIS B a0 RN IT 0 R
#); C: miRNA FUSEAIR A& IPE ROC fiZk iR B3 1. 3. SAFE OS] AUC

Figure 3 Prognostic risk model high-risk and low-risk score COAD patients A: Distribution of risk scores (red representing

high-risk patients, blue representing low-risk patients), survival status (blue representing surviving patients, and red
representing deceased patients), and heatmap of miRNA expression (red representing high expression of immune genes,
black represents low expression of immune genes); B: Survival curves for high-risk and low-risk score patients (yellow
representing high-risk score patients, blue representing low-risk score patients); C: Time-dependent ROC curve of the
miRNA prognostic model showing the AUC values for 1-, 3-, and 5-year OS
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Figure 4

Internal validation of the prognostic risk model for high-risk and low-risk COAD patients

A: Distribution of risk

scores (red representing high-risk patients, blue representing low-risk patients), survival status (blue representing surviving

patients, and red representing deceased patients), and heatmap of miRNA expression (red representing high expression of

immune genes, black represents low expression of immune genes); B: Survival curves for high-risk and low-risk score

patients (yellow representing high-risk score patients, blue representing low-risk score patients); C: Time-dependent ROC

curve of the miRNA prognostic model showing the AUC values for 1-, 3-, and 5-year OS

2.4 TS 5 kR IR X

B R KL HE Cox BT 45 R B, 4F
% TNM 23 0 B KU 37 4 5 B 3 0S 5 B 5 AH ¢
(¥ P<0.05) , BV XU ¥ 73 /& COAD #Y Mt 57 i J5 4
b (#£2),

2.5 COAD ¥l Jz ¥l 71l &

GNP ZE 1K S s, — BRECEBRE A
0.836, K JH Bootstrap P #4641 000 1%, 145 5] (1) —
R KU E A 0.801, WL RLA K 4F 4
BEE
2.6 PPIMZDHT

Srprai R, 8584 1 (calmodulinl ,
CALM1) , 4 [ J5t % B2 i 2 fi 1k 7. 5 o (protein

phosphatase 2 catalytic subunit o, PPP2CA) , 4fl Jfd 53
L 42 (cell division cycle 42, CDC42), Akt 224
1% /55 % 2 B MF 3 (Akt serine/threonine kinase 3,
Akt3) , 5 i A% & B #% & F H1  (heterogeneous
HNRNPH1) , A & K
Maguk il F 22 & 4 2 (discs large MAGUK scaffold
protein 2, DLG2), AHICHK I 40 i 5> 24 11 4 (cell
division cycle associated 4, CDCA4), WL3h&E 5%
13 (actin related protein 3, ACTR3), ADP ¥ ¥
AL 7 4 GTP i 2 (ADP ribosylation factor like
GTPase 2, ARL2), #0514 H 2 (eycelin D2,
CCND2) 45 10 A~ K& A 2 4 1 o B AR 19 OC B i
(K6),

nuclear ribonucleoprotein HI1,

#z2 COADEEOSHEBEREEFMEZEZE Cox BFHHT

Table 2 Univariate and multivariate Cox regression analysis of OS in COAD patients

s EHSES EASE S
HR(95% CI) HR(95% CI) P
AE 1.043(1.013~1.075) 1.058(1.024~1.093) 0.000 6
Lzl 0.657(0.796~2.911) 0.204 0.808(0.405~1.613) 0.546
T4 8.996(1.231~65.76) 0.030 5.287(0.703~39.790) 0.106
N4 2.234(1.186~4.208) 0.169(0.020~1.407) 0.100 1
TNM 433 2.298(1.184~4.461) 0.014 14.405(1.636~126.838) 0.016
KBS 43 1510(71.39~3 194) 2.59¢-06 1.721(1.281~2.312) 0.000 3
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Figure 5 Nomogram of OS time in COAD patients
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Sk, TR 1) R Bk DR I R A S AR IR, A OF
G B miR-503-5p 75 £ MR b R AR . —
J7 T, miR-503-5p i i B3 T A 04 9 R AR K
A (vascular endothelial growth factor A, VEGF-A) i
1l 225 J 9 P ORE R A L A A ORI LA AR L, R
5 AE ™. 55— J5 T, miRNA-503-5p i i
CD97 4 5 HY Janus 78 Fiff 2 (janus kinase 2, JAK2) /
T AL R RN SIS 4% 3 (signal transducer and
activator of transcription 3, STAT3) i ¥ il 5% #% 74
SR AZ BEBTPE O S miR-335-5P 38 i B ) 22 54
JEL P0G 2 H P4 10 (mitogen-activated protein kinase
10, MAPK10) #1475 g of & 21, #L 1A OCT4/Ake
R A ) Huh-7 JHF i 240 0 B 3 580, A 5 98 B o
A AR R DAY A T o miR-185-5p i i #E (]
RAB35 B[, LA 15 i 968 40 B 407 A= 19 A s AR 4
M HG 5, T IR, 1E NSCLC 40 i i & 445 42 9
PERIPY. Baldi %W S A B, miR-185 i it $ ] &
H W) H 3 3 1A (AT-rich interaction domain 1A,
ARIDla) F3{ COAD B EH A R )5 . miR-125b-2-3p
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7 F 21q21.1, J&E M ZEFR pre-miRNA miR-125b-2 F 1]
FIR R, AEZ R MR b AR o A W] A

4 J9 98, miR-125b-2-3p i@ 1 #0 [ EGR1 A2 i fith 2
R0 AR 45 i 9 1, LNCRNA XIST/MIR-125B-2-

3P fly i 3§ 1) 40 ) WEEL G2 K 45 2 SRl (WEEL
G2 checkpoint kinase, WEE1 RGBT K
TRYTHEBURE S 56 F miR-4436b-5p 75 i 8 Hh 1 1
JH, W RA SCHERGE o DL B BF 5T R WY TS XU A5
BB miRNA 53 138 i #E 17 22 A mRNA 70 1, K 4%
P9 B e AE o A B 5% 38 & TargetScan & miRDB
B RN T miRNA RREEE D], JF3d i PP ) 2% 73

Br i M T CALM1. PPP2CA. CDC42. AKT3.
HNRNPH1. DLG2. CDCA4. ACTR3. ARI2.

CCND2 45 10 A~ 5 [ g S L X . 1 5¢ T miRNA 5
DL 1 B0 A5 i IF 5% 0 R A SCHR R, T E T £
55 P SR — 2P UE S

i LTI, AW E S AW AE BT,
% T miR-503-5p. miR-335-3p. miR-185-5p. miR-
4436b-5p . miR-125b-2-3p 5 > miRNA 7E COAD 1 i
ik, JFME T UL TR WS KA, Ak,
ARHEFE KBS A miRNA J3F 35 hy i fE 70 5 3 11 il
Jo UM G, B R T IS A (e . AN B
FEA R Z A TE TR L 1 S BF 5 [ 56 A 4R B e
TE, ARk T B BT 2 I RN I L3S E . A B
0K COAD 2 W R 5 . PFAN BB E IR R E e . T3
Ji B8 71 LA B R PEAG 2 R B AR 2 WA T
AR IR YT B F8 bR HE T 3 ) S I S BB A 4l -

FEFR AR FEARGEA BT R

HETTR AW : &% K ERB R AT N E 6
it ERE AL FE T AR AR R TR
B DB MR R I E BAR BT AR AL
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