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Abstract

of RNA modification-related genes in bone metastasis of NSCLC (non-small cell lung cancer) and to explore their

This study employed a CRISPR/Cas9-based systemic screening approach to investigate the role

underlying mechanisms. A CRISPR/Cas9 knockout library targeting 118 RNA modification-related genes was con-
structed and introduced into human NSCLC H460 BM (H460 bone-metastatic) cells via lentiviral infection. An in
vivo bone metastasis model was established via external iliac artery injection in nude mice for functional screening.
The distribution of sgRNAs (single guide RNAs) in cells after in vivo selection was analyzed by high-throughput
sequencing, and key genes were identified using the MAGeCK-RRA algorithm. Knockdown of METTL3 in H460
BM cells using siRNA—verified by qRT-PCR and Western blot, effectively downregulated the expression of EMT
(epithelial-mesenchymal transition)-related markers. Furthermore, knockdown and rescue experiments combined
with qRT-PCR, Western blot and Transwell invasion assay verified the function of EML4 in mediating the EMT
process downstream of METTL3. The expression and prognostic value of METTL3 in lung adenocarcinoma tissues
were analyzed using databases including TIMER and PanCanSurvPlot. Results showed that METTL3 ranked first in
negative selection, with its sgRNAs being significantly depleted in the in vivo model. Knockdown of METTL3 effec-
tively inhibited the migratory ability of H460 BM cells, downregulated the protein expression of EMT mesenchymal
markers N-cadherin and Vimentin, and upregulated the expression of epithelial marker E-cadherin. Moreover, further
studies demonstrated that METTL3 drives the EMT process by positively regulating the expression of its downstream
target gene EML4. Bioinformatics analysis showed that METTL3 expression was significantly elevated in lung adeno-
carcinoma tissues compared with normal tissues, and its high expression was associated with poorer overall survival
in patients. This study demonstrates that CRISPR/Cas9-mediated systematic screening can effectively identify func-
tional genes involved in NSCLC bone metastasis, and highlights the key role of the RNA modification-related gene
METTL3 in promoting bone metastasis by upregulating EML4 expression to regulate the EMT process.

Keywords CRISPR/Cas9; NSCLC; bone metastasis; RNA modification; METTL3; EML4; EMT
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{8 [E Merck 23 7 ; E-Poly ™% YL 71)(F% 5 : DN005)
M B A6 2 R Z R A B A 7] 5 Transwell/NZE (17
5 3422) LRI (B 5 1 356234) 16 H 3£ [E Corning
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FiA7.8 pg psPAX2Ji i L e R A fig . % 4kd hjg
R T IDMEME; 7758, 4k 42557748 h/5 A 5
i IR EIBE4 °CAE TR A3 000 r/minES O
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Table 1 Sequences of siRNA

/NFHRNA FPo(5'—3")
siRNA Sequence (5'—3")
siNC UUC UCC GAA CGU GUC ACG U(dT) (dT)

ACG UGA CAC GUU CGG AGA A(dT) (dT)
SIMETTL3 GAA GAG UGA UAU UUG UAC A(dT) (dT)

UGU ACA AAU AUC ACU CUU C(dT) (dT)
SIEML4 CGU AAU AAA UUG UCG AAA A(T) (dT)

UUU UCG ACA AUU UAU UAC G(dT) (dT)

&2 qRT-PCR3|4575
Table 2 ¢RT-PCR primer sequences

P A JFH(5'—3")
Gene name Sequence (5'—3")
ACTB CAT GTA CGT TGC TAT CCA GGC

CTC CTT AAT GTC ACG CAC GAT
METTL3 ACC TAT GCT GAC CAT TAC CAAG

CTG TTG GTT CAG AAG GCT CTC

EML4 TGATGT TTT GAG GCG TCT TG
TTG GTTTTC TGT TTG CAC CA

versal Genomic DNA Extraction Kit Ver.5.0(TaKaRa
A FFRECEE R 2 . SREUEERIZH/E 9 sgRNA PCR
(IR, PCRAE F Magic™—#5% CRISPRI /5 3 J%
F R &, PCRY ) FH 2% 35 e e I v vk A
WE VIR EIk, i B FH Qiagen MinElute Gel Ex-
traction Kit, [F15= 4 F T &m0 7

12,6 @miastd  HAEKRESRIEGFH460 BMEZ
FRIE6FLAR T, FEAHARIC A KT 80%0, i E-Po-
ly™ 6 Gl ), BB, 2 4 siNC. siMETTL3
FUSIEMLA%E J N, RFFLsIRNA LS 50 nmol/L .
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S AT R R AELL , SR 2722 mRNA A
FikE., 5IMFFINR2,

128 EORAAIPTE(WB) Y48 hig, 7
BUREEIFT100 °CKBAZMES min. S 10%5E A
175 Wk JE B s L WK (SDS-PAGE)ZE 120 VAEE T 43 55 25
Ho BB EOEEZPVDFE L, K4 1%
BSAZE R E 1 hjg i —$i(1:1 500) 4 °CHF F i -

% & J5 F PBSTYES, I HRPFRICHT Pt (1:5 000),
EER NWE L he (AR BRI,
1.2.9 Transwell A5 FH TG L3755 355 77 22 i 8 2 ol e
Jei, BL60 pLiIIA 8 umfL4% Transwell | %, T5; 7746
HRE B 2~3 hiF HLERE . R SR IR 2 R TR,
A 100 pLJG 37 35 72 55 /K46 30 min, Fifl f5 W 555 77
o B EEEMA0 M, FEMAE 10% FBS
11600 nLi;FR3E, 37 °CH59736 he HiFR4EHa, 1F
IR TEBNEIRN 4%2 B H EEH 2 20 min, 7
0.1%%5 i 28 e 810 min, &) SR BER L=
P AAR 2 1) 4 M

1210 AME &F o047 @I TIMER3(https:/comp-
bio.cn/timer3/)!" Vo By 1E 40 23 5 i e 2 23 rp i)
METTL33 1k % 5 , f# FHl PanCanSurvPlot(https://smu-
onco.shinyapps.io/PanCanSurvPlot/){E £ V- & 43 #r
METTL33R 3 /5% i i des 58 2 A 2B A7 (overall sur-
vival, OS) 5 .

1211 %itF o S 6 Excel flGraph-
Pad Prism 108317 Gt 1150 4. 834 Shapiro-Wilk
56 FU BT B IR IEAS 0 A it o FF A IEAS /A (w2
(] EE AR FH AR O AT eh6r 56 5 AT -G IR 28 20 AT 1R 9 28 1)
bR H Mann-Whitney US55 . i A Hhn e 2
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artery injection
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NGS sequencing
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Bl SCEETRIE AR B L (K Bl 4 B £ STRR[16])

Fig.1 Library screening workflow (adapted from reference [16])

(x£5)FRoR, P<0.05FR/RZE7A Gt 5 o

2 HR
2.1 EETHIERIE

T Y R R /D 20 e i e 72 () RNAE
TMRAHDCHE DR, ACHIF 752 T CRISPR/Cas9 R4t ik AT ¢
FER I, SCRE L E 1184 RNAMB MR AH G A, B4
BRI T 65%sgRNA, 37085 sgRNA. 4L, fiH
HEK-293T4H il i 47 CRISPR 3L FE 12975 #3055, Bl 5
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22 SEENFHIEREES

73 9 BT 46 2H RN /)N B2 1 25 (R 2H DN AFE A gk
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AR (K12B). APHETRERCR , gt 15
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RGN RE(E2C) . 2 L ATR, W Fe o i 2 nT 4,
H.sgRNAZ> i (AR L FE 7R RN A IS i AH S SE A 12 3% 5
e 3 it e B e R AR
2.3 CRISPRIFIELER 7

K MAGeCK-RRA B0 i &2 7 3R 1591
SgRNATHECHAT 4347, 3 51 A JSH A28 9 ade AR [91 428 s e
(A1 P, TR LR IRRATS 70 PIE SRR R TR
K (false discovery rate, FDR), RRA%3/ik/)N, KB
2B () sgRNA 'R S BUFE v 0N i 25 . [P ik
(BP L B i) B 56 7% | $eom B DRI AS By (R 1 56 7% ) HF
Z 10 FE K S FEMETTL3 . TRMT614. RNMT%: (]
3A), BAPEG G (P m bR R i B 7 72, Sk R A £
NV HE4 AT 100936 R85 CBLLI. ALKBH?.
FTSJ3%5:(KI3B). XtsgRNARlogy(FC)iEAT 2T R B,
TEMHPEG L HEA B AL METTL3, HsgRNATEMR N
RS R I L i S 2 T FE R I R (K1 3C) 0 B R 45 IR
F W, METTL3 5% 08 A5 1 e 7 e 7% OB (i gk = K] o
2.4 METTL3{RBtR R

HE— 2543 W METTL3 1) 6% sgRNATE W UE2H 5 /N
B IR E. S5 ETR, T sgRNATE /N 2 )
—EPE AR (B4A) . X R Y METTL3M GG,
H460 BM4H i 7E 1 % A A5 80 v (1) 5 e B BE RE ) %2
1o logo(FC)FA B [F]FF EIIEIX — 25 F(&14B) .

IR N AUE METTL37E il i # 5 i fE v i
YERD, 34T 56385 siRN AR T H460 BMZH L
) METTL3, qRT-PCR & WB45 R AF s METTL37E
mRNAFIEE /K354 A AR (Bl 4CHI E4D). Fifi
Ji, I AR R G g D RS I EMTAH G AR 47 K IH,
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A: mapping rate of sequencing reads from each sample to the sgRNA library; B: comparison of normalized sgRNA count distributions across samples; C:
log2(FC) distribution of library gene-targeting and non-targeting sgRNAs in mouse.

E2 S@EENFHERER
Fig.2 Quality control for high-throughput sequencing data
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BRI (FAEFE4F), 27 1, IX st B RMETTL3
TR EMTRERE, M T ot e 20 fa 12 28 /6
2.5 METTL3i®3 _FIBEML4ZRRIRFEMT#HIZ
METTL3/E A mCA F AL, O 4k fi e 7 it i
g b DL mS AR 77 2R EML4f ik, sETE i
PR L RS0, (H R BN RS HEMTIB A
SATERE . NESAIF METTL3%F EMLAE#/EH ,
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il T 4H 12 22 (EISDFIEISE). X Lest RAE/REMLY
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Fig.3 CRISPR library screening results
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Fig.4 METTL3 promotes lung cancer metastasis
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Fig.5 METTL3 promotes EMT progression by upregulating EML4 expression
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Fig.6 Analysis of METTL3 expression in lung cancer and its prognostic value
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