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[(HZE] Hi R N6-HIIERH (N6-methyladenosine , m6A ) A 53 X Xt 45 1M it Ty 2 240 M A
VPTG, JiE IRISE T L I (the cancer genome atlas, TCGA) F 2K B {4173 RNA
(long noncoding RNA, IncRNA) F1 21 4> M6A HH 5 AL A 1) 2 38 15X , R B1R o3 #r 22 S Bk A SR 26 #r
RIS B 5M7 ( principal component analysis, PCA) 447 M6A 413 E1) 5 561512 Cox 811515 H7 i U
S MOA SE[H, LASSO B35 £ 3 KUK BUMRE I 5 7 2645 P08 4106 22 5 IncRNA ( differentially expressed
IncRNA ,DEIncRNA) , 5 M6A #0636 R A7 F S5k %4, il FH 320 9 Y6 € 7 PCR (real time fluorescence
quantitative PCR, RT-qPCR) Il M6A reader fififh X % J1{K T 1(fragile X mental retardation 1,FMR1) 7£
i B R P 0 3R0E  Te s B e A b B FMR1 BE i id CCK-8 RlJR S50  Transwell F140 fifd
TSI A I AN I 5 GRS R BRI T L. &5R 21 A MOA MHCEER R A 15 DNMRRTES B
Farh2E s akik . RN R, 45 E P e ged 23 i 2 B 5 DCHE ST 8 XU B AL H e A 18 52 ] Y5 2R
H 5 ( a-ketoglutarate-dependent dioxygenase alk B homolog 5, ALKBH5 ), YTH 2% f#)3 &5 H 2 ( YTH
domaincontaining protein 2, YTHDC2) #1 FMR1 R B2 7 i )5 1. )T, e 1 784 4~ DEIncRNA,
AL E 3 UG R FF 18 4> DEIncRNAs [13LRIRM &S, 2% [ b & 30 FMR1 [ (5 3 407, RT-
qPCR SE56 % B FMR1 7E45 B 4120 bk FMR1 KL PR m B BE 400 ] 25 1 e HT-29 400 fi i) 14 52
TR ZZRRE ) et 4 B A n I . &5 MOA WAL IR+ ¥ ALKBHS . YTHDC2 #1 FMR1
A RE A L A S U PR, FMIRL i DA i Bk 41 ) 245 0 8 A e P 6 5 DA% IR 28, (e b &
EEN R R OO R R
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Effects of N6-methyladenosine methylation regulators on prognosis and cell

biological behaviors of colorectal cancer
LIU Ning, JIANG Fan, CHEN Zhiju, WANG Baochun, LYU Yunfu First Department of Gastroenterological
Surgery, Hainan General Hospital, Haikou, Hainan Province, 570311, China

[ Abstract | Objective To investigate the effects of N6-methyladenosine (M6A) related genes on the
prognosis and cell biological behaviors of colorectal cancer. Methods The long non-coding RNA (IncRNA)
for colorectal cancer and the expression profile data of 21 M6A-related genes were downloaded from The
Cancer Genome Atlas (TCGA) , and the differential genes were analyzed with R software. Cluster analysis and
principal component analysis ( PCA) were further conducted, and prognostic related M6A genes were screened
by univariate Cox regression analysis. The risk prediction model was then established with LASSO algorithm.
In addition, differentially expressed IncRNA associated with colorectal cancer ( DEIncRNA) were screened
out, and a co-expression network with M6A-related genes was subsequently established. Moreover, RT-qPCR
was performed to determine the gene expression of fragile X mental retardation 1 (FMR1) in colorectal cancer

tissues. After FMR1 gene was knocked out in colorectal cancer cells, the cell proliferation, migration,
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invasion and apoptosis were detected by CCK8 assay, cell scraich test, Transwell assay and flow cytometry,

respectively. Results Fifieen of the 21 M6A-related genes were differentially expressed in colorectal cancer,

and cluster analysis indicated 2 subtypes of colorectal cancer tumors. According to the risk model, ALKBH5

(a-ketoglutarate-dependent dioxygenase alk B homolog 5) , YTHDC2 ( YTH domain-containing protein 2) and
FMR1 may be the independent prognostic factors. With a total of 1 784 DEIncRNAs screened out, a co-

expression network was successfully constructed containing the 3 prognostic factors and 18 DEIncRNAs. FMR1

was found to be the hub gene in the network diagram. RT-qPCR showed that FMR1 was up-regulated in

colorectal cancer tissues. Knockout of FMR1 gene inhibited the proliferation, migration and invasion, and

promoted cell apoptosis in colorectal cancer HT-29 cells. Conclusion M6A methylation regulators ALKBHS,

YTHDC2 and FMR1 may be the independent prognostic factors in colorectal cancer. FMRI knockout can

inhibit the proliferation, migration and invasion, and promote the apoptosis of colorectal cancer cells.
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T s A RN 2 M 9 R 1 i R R
W R IAEBR U R B R, RS e RA T
VSRR 45 B i 8 T i OB AR, R
45 B 2 W Ra T 7 ik AN Wik b (B UG 45 G
WIS Rl o o B RN RS S8 5 AR AR A
A, L, 8 DR T kA SO 45 T 12 W R
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N6 H £ I 3 ( N6-methyladenosine , M6A ) & 1ffi /&
FU mRNAs H i 8 OL A A 2 18 4, 2 3 4F R 1 B
FEAR . MOA B —Fhn] 10 1) 3 2% RNA FWst 1%
T FE, 32 MOA a4 K+ i 458, A 45 © writers” HH 3L 5%
PR H 3 (methyltransferase like 3, METTL3) | i 3L%%
MW H 14 ( methyltransferase like 14, METTL14) 1 3%
LS [ 16 (methyltransferase like 16, METTL16) | '
TFY0 Mg 1 AH 56 45 1 ( wilms tumor 1-associating
protein, WTAP) RNA 244 35 5 [ 15 ( RNA binding
motif protein 15, RBM15) . RNA &t &5 £ ou & [ 15B
(RNA binding motif protein 15B, RBM15B) | & #¢ 15
CCCH g3, %) 8 1 5t 13 (zine finger CCCH domain-
containing protein 13,ZC3H13)  #¢Fg CCHC # 4 (zince
finger CCHC domain containing 4, ZCCHC4 ) | Cbl J§i J
FR E3 7w EEREEAZEMY) 1 (casitas B-lineage
lymphoma 1, CBLLI ) ; “ erasers” A& Jik #H 3¢ 45 [ ( FaT
mass and obesity associated, FTO) JE3&ib &5 [nliR &
F 5 ( a-ketoglutarate-dependent dioxygenase alk B
homolog 5, ALKBHS5 ) ; “readers” YTH %5 #4) 48 28 1
(YTHDCs ) % ji% YTHDC1, YTHDC2 #1 YTHDF1/2/3

(YT521-B homology, YTH) IGF2BP1/2/3 ik & Z#f
H K HF 2 mRNA 454 % H (IGF2BP) ( recombinant
insulin like growth factor 2 mRNA binding protein 1/2/3
(IGF2BP1/2/3 ), 5 i ¥ Ml &% B ¥ & B o
(heterogeneous nuclear ribonucleoprotein ¢, HNRNPC) |
S % BE AZ 85 B A2B1 ( heterogeneous nuclear
ribonucleoprotein A2/B1, HNRNPA2B1) . RNA 454 3
JLEE H X 8 ( RNA binding motif protein, X-linked,
RBMX) ., = /i Ik H K & & 45 #5 &£ 1 ( leucine-rich
pentatricopeptide repeat containing, LRPPRC) | ifi 4 X
KT 1(fragile X mental retardation 1, FMR1) el
WL B] MOA &1 2 51 2 4 ) °# i £, 4 mRNA
Fase vk BHIE RNA SRR 400 E 25 . Sl i
T MOA & i 5 IR iy & 21 Y R
R I g S SR, At 40 Hr MOA AR 5635 PR SR ¢
Pf MOA 745 B e vh BUS IME RTS8 . Ik, A
WEFEE e MOA A 5 KL PRITE LS B W i b i) 22 e 35
IENOL, 454 Cox 4 A7l LASSO S303 7 XU 85 70
AR EAT TS B E R MOA FUILAL IR T K5, Jk
T2 IR MOA A1 5C B[R F1 28 57 36 3K K B IF g
RNA(DEIncRNAs ) # Atk 2% ALK o 2% 5]
HAl A B FMR1 BB (8 48 3= S, S0 W] AT B
HEE, Jo S I SR UL R R FMR T %) 25 17 98 40
MIHETE T8 2R PR T SE A, DU R A5 B R
ST SR I LE MR A

1 HH5HE®

1.1 #EKE
M ifosd 256 R 2H 8] 3% ( The Cancer Genome Atlas,
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TCGA) $idfa e vh T 2k 25 B 9 1) e s 2R 85080 Al IR
PR RE (LHE B 1Y 1D AR AR AR ] EARRAS
JIEE Y 3 2% L 0 3 B2 TNM 3 381) , 0k H 1 2020 4
5H 10 Ho ST 3480 a5 B arEA A 41 XS IR
SEE TR, 18 1 PRl PR AN 58 # T B AR BRAE S o
AN 462 BI45 H IR AR AT 41 (5 1E 5 X B

1.2 M6A A% A B 9 £ 7 R K5 BAR K S5 AHT

MR BAECRRAS 3. 6. 1) FREREK 21 /> MOA FHICHE
writers ( METTL3 , METTL14, METTL16, WTAP |
RBM15 ,RBM15B ., ZC3H13, ZCCHC4 , CBLLI1 ) . erasers
( FTO, ALKBHS5 ). readers ( YTHDCI1, YTHDC2,
YTHDF1 ,YTHDF2 , YTHDF3 , HNRNPC , HNRNPA2B1 |
RBMX .LRPPRC . FMR1) , Ff| DESeq2 412 % 1F- % 2Ll
e 2H 22 e AR AL, M R 1R 5 R A ¢ Pheatmap ” il
“ggplot 27 B4 2 ) 22 S ke AT A 2 38 AR A/ A 5
Pl I TG 2R B AR B AR T i 4% % 2 HL (STRING,
http : //string. embl. de/) /3t M6A H FeAk = H T2
[ AR EAE ] Pearson AHIC)#7 46 775 M6A RNA H
SALPAFER ¥ Z [ B AHOC 1 , R 15 55 59 corrplot” £, 2
il PR A AH A B 8
1.3 #HA,H

i R &5 P19 “ ConsensusClusterPlus ” £, X
MOA #H 5 ik P HE A7 AR A 2R 0 i, e S B0
iterations = 50, resamplerate = 80% , F|-%f et R ut47
5843 41 #7 ( principal component analysis, PCA) , [l
S0 E ROBRAE b R AT I R AR S5 RS A R AH 70
Bt , R geplots B4 LA A A7 20 HT A
1.4 Cox R K= 2424 a4 32 &

9 T E MOA HYREAV AR OC Ik PR 7R 245 W i v i)
WS HHE, 155, B log2 (x+1) 1977 206 MOA A 3¢ 4k
PRI R B A T e AL AR L. B RABE S i
“survival " g%} MOA AHOCEE R R R & Cox 43 #r i
VETIUS AH G HE PR, i 2ot forest” (0, 2 i BRARIE s f ] R
155 1Y glment” F1 “ survival” £33 155 LASSO [1] 7 44 4
Cox PUAT XU ASE AL , 3138 XU PP, oK IRUBS: 37 731 v 7
(ELAE Al S R A8 2 S s IO 2 5 o — 25
“survival " AL iE 1k KM 234 AR AR XUR: 21 S A A
# (overall survival, 0S), 2 il 4 f7 i k. 16 H
“Survival ROC” 6138 15 5218 3 T A/E -1 gl 2k (receiver
operator characteristic curve, ROC) i & T i X ( area
under roc curve, AUC) PEAE LASSO [1]13 Cox b 451 JRURS:
PR A T (L S T ISR RS, 320 5 i R AR
ZIRI 22 5, R X ARG TP 1R AER XU, 201 9 s A s
fiEZE 5, IF4d A pheatmap ™ K1 4, 2 i # & H]

“survival "L AT HLH R M Z R Cox 434 AL
W) OS 4 7 7500 PR, 38 5 forest™ AR 40, i #04K
1.5 2 5 IncRNA # i & & M6A 48 X K A Fo
DEIncRNAs 3t & ik P % 09 #) 3%

ffi ] TCGA A ptiE R Homo sapiens. gencode.
v22. annotation. gtf. gz %25 R K IKA) IncRNA JEH7 K %E
FIVERE, FL 2 44 | log2 (FC) |52, FDR (adjusted
P-value) <0. 01, FIH] ggplots i f#g dt 1 BA &1 1
&l i J Pearson #E 47 MOA AH 3¢ & B Al 22 5
IncRNA A5G 53 87, SR J5 , 7E Cytoscape3. 7. 2 R ff:rp
XS FH S B 4 R A T T
1.6 s RHAHA

AR 2019 4E 7 H % 2020 4 9 H g N R EE e
WIB Y 30 545 B 8 28 5 1) 2 2 R AH I 1) i 5% 4 21
PRAs B AR T ARYIBR G 37 B B TR A A7 IR
WA 20 3 BN EAE R, RSB IE R
Po AR A NRERACIIZE 0 di it (=
fEF[2021]321 *5) , S ik A% v A% 1 (b 2R 3 ik
D)o
L7 fmiesdIrde tnfedh

NG5 H e 20 AR HT-29 W 3K 8 56 [ J A0 4% 57
Y455 P o0 ( ATCC ; Manassas, VA, USA) , B T & A
100 U/mL H% & (Gibeo) 100 pg/mL %5 & ( Gibeo)
1 10% Ja 4 1ML #% ( FBS; Gibeo ) 1§ DMEM K% 57 3%
( Invitrogen; Thermo Fisher Scientific, Inc. ) A f 7F
37 °C,5% CO, MEEFRAIT TR, H54ILL 5. 0x10°/4L
e 6 fLAlP,37 C 5%CO, &/ TR SR 24 ho I
EE KRS E G HT-29 40 g, ™ # #% B8
lipofectamine TM2000 %% 4t i 77| & ( Invitrogen ; Thermo
Fisher Scientific, Inc. ) it 54 2L 7 %1 ( FMR1 siRNA .
5'-CCAGAGCAAATGAAAAAGAGC-3'; siRNA-control;
5'-TTCTCCGAACGTGTCACGT-3") ,it N si-FMR1 2 I
Control 21, ¥t 48 h J5 HI T JG 2L52 5
1.8  Zmpit 6K 7 &-8(cell counting kit-8,CCK-8) 5255

ANMIFE Y 48 h 5 K AIHE L 5 10°/FLEEF T 96
LA P B FR, 23 0 TSR 24 .48 .72 .96 h fEREFLAMA
20 wL CCK-8 I . 557 4 h J5 4 1k355% , 3 bR
( Thermo Fisher Scientific, Shanghai, China ) | & % L.
450 nm AL AOEEEAEL D(450) ],
1.9 ZmieX) R 5% 5

ALK R 24 b J5, FRANMAE K 2 90% Iy, I TG 1A
ok T RF WKL R4, I 1xPBS Y%
2, IMAE 2% FBS BB IR BLAR S 157 . ISR E
TAATE B W5 07 B, 75 0,24 .48 h [l | i 5% ( Nikon,
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New York, USA ) SEL 4 LAY 3RS 1% 100 o
1.10 Transwell 525

NP AR 2R AE ST, #5200 pL A EBUNAL
WS Matrigel 1) |2, FZ A 500 pL & 10%
FBS [#) DMEM, 37 CH¥ % 24 h J5, 2Bk BE400, T
EMM 5% )% T 4 C [FH%E 15 min, PBS PE%,
0. 1%%5 55 e 0, 5 min, FEHLZESE 3 DHLEF, 5 16
RIS G AN
LT X g e A A ] 2m f, 8 =

Annexin  V-FITC/PT 41l g ¥ 1= & W i 7 &

(Abcam ,ab14085) HIFA I A MI I =, dHHFE 2 48 h
Je WAL, ] PBS HRTER: 2 U, B0, BT 200 ul
LA, 5 10 L Annexin V-FITC 15 uL PI %%
BIRA, FRADCEF 15 min, /5,6 300 pL 455
S Vs B AR S bl A U 240 R (FACS
Calibur; BD Biosciences ) 7F 488 nm £l 48 Jig I 1=, 5C
R 3R,
1.12 %354

R A HATGE I o0, WA A 1Y i 2% & LA
xks 7, I R ¢ K5, R IR A i i 27
BRI FE R, X K Fisher K5 i 455  Pearson #H
KATHT T A g 2H 18] 22 5% . R ] Kaplan-Meier {fi£5 7
XPERRAE I AT HEAE R . RITZ R Cox [a1H 5304, i
FESAAFR(0S) AT USRI R . SR SPSS 18.0 4t
TR . P<0.05 S22 Geit#a8 Lo

2 #R

2.1 M6A 48X AR W £ 7 £ 38 5 B AR KM HT

M TCGA Hdis i v T 2k 462 A~ 25 H i i B AR i
A1 51 T H AR A BRI Ak i B s B AR N 1 s PR
XS AR EAT log2 (x+1) N —ALAab B, SRS, A
B SR LB PRI 21 4> MOA A5G JE H i) #3541, 48
EH 15 A2 F R IR MOA A ¢ K FH, Ho,
YTHDF1, RBMX, METTL3, HNRNPA2B1, ZCCHC4 ,
HNRNPC .LRPPRC ,CBLL1 .RBM15 .FMR1 ,METTL16 .
ZC3HI13 &8 4l 20 i g5 ik , ALKBHS . METTL14 Al
YTHDF3 7¢ Jif g 2l 2L h ik % 38 (B 1A B), M
STRING %§t#li A 2% 21 1> MOA RNA HH AR AH OC 2
RZ A G R , g PPT 4%, PPT [ 2% 73 A 45
FW],ZCCHC4 1 LRPPRC 5 HAb 15 A TR ok &
HCTE P 245 [ AR AR B, METTL3 F1 METTL14 5 H Ath i
THATAEZMKR MEEHESRZ(E1C), 7
g5 W R 41209, 21 Fp MOA HSEAL IR 7 19
mRNA FE3K [ 778 38 1 AH P, AH G BT B

RBMX 5 LRPPRC., HNRNPC, HNRNPA2Bl 5
YTHDC1, YTHDC2 & METTL14, RBM15, ZCCHC4 .
YTHDF3, FMR1, METTL14 & RBMI15, ZCCHC4,
YTHDF3, CBLL1, FMR1. YTHDCI, RBM15 &
ZCCHC4 . YTHDF3 . FMR1, ZCCHC4 5 YTHDF3,
YTHDF3 & CBLLI ,FMR1, CBLL1 & FMRI, YTHDCI
5 ZC3H13 [A)fF e B 2 i 1Y IEAH 5& M, Pearson #H5¢
Z%0H 0.5 L I ; WTAP 5 YTHDF1,RBMX 5 ALKBH
GAAAE A CE(IE 1D) o
2.2 MOA WAL T2t 52 AMEMN B SR L
& R AFAE B TR G 0 A8 K P

M6A HIELAL A+ 1 — B Rt 4 R 3R
Wl:k=2 i, CDF A5 22 (& 2A) , Delta Ji RIS K
ANE (B 2B) 5 43 BUAE R SR k=2 B, 4341 N A9 AH G
PER L AR CPEAR (8] 2C) o For e i 4 R 1
7N, MOA B FEAL TR AT R 1) mRNA 23Kk AT AA 3 b
JELHZUK) mRNA FRIREHIE k=2 B REA 6] i T B 4 b
(& 2D) ;2 1 WA 25 B 98 0 26 5 i PR 33 5 Rl IR
SERHE R OC R, 7B T AR]85 1 i 7 2 5 A A7 Bsf
], k=2 I, W54 B[R] OS ANAEAE2E 5 (B 2E) 5 Rr ks
55 s R 43 8 5 i RAFFIE Y JE 56 (8] 2F) o
2.3 S A MR 21 A MOA AR ALE 42 B T 69 K42

R 56 R A TG #9484

HRZER Cox /- Hr &5 R w21 4~ MOA HI AL
F5 P Frf ALKBHS . YTHDC2 1 FMR1 [ mRNA 33k
55 M2 (P<0.1), YTHDC2 f1 FMR1 J {3 A 7
(HR<1) ,ALKBH5 H}f& s B (HR>1) , VL& 3A, fii
FH LASSO [l )= 553 X6 i 356 119 3 4~ 5k PR 4 . IR 0 )
BRI XURS A, AU A5 43 = (0. 0157 X ALKBHS £
KAKE) +(=0. 124 6XYTHDC2 ik /K ) +(=0. 142 0
XFMR1) , ULIE 3B C, AR XURS B A fry o (37 B30 445
98 £ 53 Ay v XU ZE RRARR KU 28, R T R 18 5 i AT
HEAFATHT , KM AR A7 43 BT S s XUBS: 9F 43 5 18 3% TS AH
K 3D), B 5 4F 0S 43332 0. 555 (95%
CI:0.436 ~0.706) .0. 682 (95% CI: 0. 566 ~ 0. 821) ;
ROC £k s KB} AUC 4 0.6 D), AT
HIBIANE (B 3E) o 25K , 45 B g XU 1
S5 T N M 3 145 I RFRAE I JE ¢ (] 3F) .
HLHZ Cox 43 M 3% W1 45 H e 1) TS 5 - 08, 40 9,
T M N 70 RS PF53 A OC (B 3G ) |, 2420 £5 B B 5
ZHE Cox 43HT R , 45 B M B S5 4E8 . T 431
SO PEST AR O (B 3H) |, 47 08 2 45 1 18 10 45 26 T
S B S7 S PR o
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S T— 3 3 3 2 ELEEEEEEEEEE R R T N
METTL3 0.529 1176 o
METTL14 0235 0742 &7
METTL16 081 1.087 S
wrAP 0.284 0.762 = /
RBMI15 0284 0795 / 0 @
RBM158 ose2 1012 & 8 =4
ZC3H13 0.495 0.902 5 E
FTo 03 0714 E ] 8
ALKBHS 0078 1.498 2 o 7
YTHDC1 0376 0.784 S 8 = 0000000000 0000000000000
YTHDC2 0.026 0.628 T
VTHDF1 o074 09 5
ViR oz 075t . 5 .
YTHOF3 0281 0827 S - 5 =
HNRNPC 0.995 0.999 ¥
HNRNPA2B1 0.796 1.062
REMX 0155 0.697 =
LRPPRC 0472 078 — = =
FMR1 0.054 0734 **’
2CcHea 036 076 T I I I T T T T
CBLLY 0933 0.98 7 -6 5 -4 =7 6 -5 -4 C
Log Lambda B Log(A)
Y e
I - oo — Scorelow -
[ T ol b
3 I s
‘ Ly~
o -
© ALKBHS. T
s, | \ | 3
g T \ -
| 2
E D | B
s 8 P
Sos0 - | s
s o S i,u
£ E | I stage
5 = P
& | o
0.25° LA | i
p=0.038 f o
|
s | st
el ™
000 T T T T T T |
0.0 0.2 0.4 0.6 0.8 1.0
3 3 3 [ .
Time(Year) D False postive rate E F
pvalue Hazard ratio pvalue Hazard ratio
stage <0.001 2.186 .— stage 0.247 1.527 +
ageNum 0.003 1.03 [ | ageNum <0.001 1.042 [ |
gender 0.849 oss  —J- gender 0.228 o7es  ——
u <0.001 2.863 - - T 0.011 1.945 — —
N <0.001 2.008 » N 0.458 1.184 - —
M <0.001 3.963 - - M 0394 51— —
fiskScoreNum  <0.001 2356 - - riskScoreNum 0,002 2256 — —
e 2 G - < H

A: ¥ B ZF Cox 447 21 A~ MOA WKLY B F 49505 ;B .C: LASSO w2 S ik & 55 R e TR AL A 53+ R e 18
123 58 AMNREHER GG KA D . S AME S H SR ELTRE £ G54 ;E:ROC ¥ & Kb AR 6
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