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LncRNA IGFL2-AS137 miR-138-5p/FOXP44
Xt Bifi 22 2 B M A AT R B B2 N

MigE TAHEEY a4t RHEM
GEIN TN R B RE ] AL, ¥ 061000)

WE  ZARIET K4 AE % ARNA(LNCRNA)E & E 44 K B F Kk A 1 25 LRNA 1(IG-
FL2-AS1)34 *f miR-138-5p/ Xk & & 4(FOXP4)4h 3+ Ifi 55 40 o B vk A& M) 4T A 04 %ok, ZAFRIK
LM T ARIER202356 A £2024F 12 A F Ryl o9 i & AR B F UL ARRES5H). ZAFR
AR F L E A 40 o (BEAS-2B) Ao it % 48 8 % (AS49. NCI-H1975. PC-9), #45A5494n JtL AL
# Control 28, sh-NC#H. sh-IGFL2-AS148. sh-IGFL2-ASl+anti-NC#H. sh-IGFL2-AS1+anti-miR-
138-5p2h. ZAF % & /I QRT-PCRA& M) @ 2 F LncRNA IGFL2-AS1. miR-138-5p. FOXP4 mRNA%
KR, R K FE B 52 34 M LncRNA IGFL2-AS15miR-138-5p. miR-138-5p5 FOXP4Z_ 8] % %,
CCKS8Fn %, 4T p&, 52 B ) 2 4m i, 3% 78 KT Transwell o #7 20 L3t 45 Fo 12 22 58 7, A am B SUe ) &
28 4m i, )8 T 1 JL, Western blot# M| E-cadherin. Vimentin. Bcl-2. Bax. FOXP4%& & & iktF 5, 4
R4 A AT B T i 41094 sh-NC4H 2, fig ) Fer 5% B 2B (R F £ 4+10°/~sh-IGFL2-AS 148 48 i), 47
JB AR R, 35 35 3E 3L PR LncRNA IGFL2-AS14f ﬂﬂ? J& I 78 A& K B LncRNA IGFL2-AS1. miR-138-5p.
FOXP4 mRNA& k693577, qRT-PCR% R 2=, AL E F414R, & 2148 F LncRNA IGFL2-AS1 A
FOXP4 mRNA & £ K-FH# &, miR-138- 5p7fo7J<*F‘FF"(P<O 05). A8k EF LA mhe, A e
% (A549. NCI-H1975. PC-9)¥ LncRNA IGFL2-AS1 A FOXP4 mRNAAR AT & £ K-FH & . miR-
138-5pAB &F & A K -F 4K, HLAS4940 2 # LncRNA IGFL2-AS1. miR-138-5p. FOXP4 mRNA & &
TACIR A B R(P<0.05), B sbik Bl iz @t Rt — TR, REAEBERLERD T, 4 EWT-
IGFL2-AS1. WT-FOXP4/Z, #8 tb mimic-NCZH, miR-138-3p mimicZh 5 . B&7& T (P<0.05). #8
Ftsh-NC. Control4f, sh-IGFL2-AS14.74 7% &, &4 4. FE4. 1244 FOXP4 mRNAK-FvA
A Vimentin. Bcl-2. FOXP4%& & /K-F F &, 4o/ A = % . miR-138-5p. E-cadherinfeBax/K-F _EH
(P<0.05); A48 ttsh-IGFL2-AS120. sh-IGFL2-AS1+anti-NC#H, sh-IGFL2-AS1+anti-miR-138-5pZA. 7 7%
.M. LK. 1ZEE. FOXP4 mRNAK-F VAR Vimentin. Bcl-2. FOXP4%& & /K-F LA,
i = % . miR-138-5p. E-cadherinfeBax/K-F T [4#(P<0.05). 520 A% it & Fo kA2 A LncRNA
IGFL2-AS1. FOXP4 mRNA &L K-F 3K T 2F B 4E, miR-138-5p & A KT & T3+ BB 4H(P<0.05).
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Abstract This research was to investigate the effect of LncRNA (long non coding RNA) IGFL2-AS1
(insulin-like growth factor family member 2 antisense RNA 1) on the malignant biological behavior of lung can-
cer cells by regulating the miR-138-5p/FOXP4 (forkhead protein 4) axis. This research adopted a total of 55 lung
cancer tissues and paracancer tissue specimens collected from June 2023 to December 2024 in Cangzhou People’s
Hospital. This research adopted human normal epithelial lung cells (BEAS-2B) and lung cancer cell lines (A549,
NCI-H1975, PC-9). A549 cells were assigned into Control group, sh-NC group, sh-IGFL2-AS1 group, sh-IGFL2-
AS1+anti-NC group, and sh-IGFL2-AS1+anti-miR-138-5p group randomly. qRT-PCR was applied to detect the
expression levels of LncRNA IGFL2-AS1, miR-138-5p, and FOXP4 mRNA in cells. The relationship between
LncRNA IGFL2-AS1 and miR-138-5p, between miR-138-5p and FOXP4 were detected by dual luciferase as-
say. Cell proliferation in each group was detected by CCK8 and clone formation assays. Transwell was applied to
detect cell migration and invasion in each group. Flow cytometry was applied to detect apoptosis in each group.
Western blot was applied to detect the expression levels of E-cadherin, Vimentin, Bcl-2, Bax, and FOXP4 proteins
in each group. Nude mice were divided into control group (subcutaneous injection of 10° sh-NC group cells) and
experimental group (subcutaneous injection of 10°sh-IGFL2-AS1 group cells). The effect of LncRNA IGFL2-
AS1 deletion on the growth of lung cancer and the expression of LncRNA IGFL2-AS1, miR-138-5p and FOXP4
mRNA were verified in nude mice. This research concluded that qRT-PCR results showed that compared with
the paracancer tissue, the expression of LncRNA IGFL2-AS1 and FOXP4 mRNA in lung cancer tissues were
increased, while the expression of miR-138-5p was decreased (P<0.05). Compared with normal epithelial lung
cells, the relative expression levels of LncRNA IGFL2-AS1 and FOXP4 mRNA in lung cancer cell lines (A549,
NCI-H1975, PC-9) increased, while the relative expression level of miR-138-5p decreased. The expression lev-
els of LncRNA IGFL2-AS1, miR-138-5p, and FOXP4 mRNA in A549 cells showed the most great differences
(P<0.05), therefore A549 cells were selected for subsequent experiments. Dual luciferase assay showed that after
transfection with WT-IGFL2-AS1 and WT-FOXP4, compared with the mimic-NC group, the luciferase activity
of the miR-138-3p mimic group decreased (P<0.05). Compared with the sh-NC and Control groups, the survival
rate, clone number, migration number, invasion number, FOXP4 mRNA level, and the protein expression levels
of Vimentin, Bcl-2, FOXP4 of A549 cells in the sh-IGFL2-AS1 group decreased, while the apoptosis rate, miR-
138-5p, the levels of E-cadherin, and Bax protein increased (P<0.05). Compared with the sh-IGFL2-AS1 group
and sh-IGFL2-AS1+anti-NC group, the survival rate, clone number, migration number, invasion number, FOXP4
mRNA level, and Vimentin, Bcl-2, FOXP4 protein expression levels of A549 cells in the sh-IGFL2-AS1+anti
miR-138-5p group increased, while the apoptosis rate, miR-138-5p, E-cadherin, and Bax protein expression levels
decreased (P<0.05). The tumor mass and volume, LncRNA IGFL2-AS1 and FOXP4 mRNA expressions in the
experimental group were lower than those of the control group, and miR-138-5p expression was higher than that
in control group (£<0.05). In summary, interfering with LncRNA IGFL2-AS1 may affect the miR-138-5p/FOXP4
axis, thereby inducing apoptosis of lung cancer cells, blocking the migration, proliferation and invasion of lung
cancer cells, and ultimately reversing their malignant phenotype.

Keywords lung cancer; insulin-like growth factor family member 2 antisense RNA 1; miR-138-5p;

forkhead protein 4; proliferation; migration; invasion
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Jit o 2 thE S0 R P D RS R, E R, il
TR R BRI ETHaY, MET AR UM
WS IEIT TTE , RIS e B AR A A . R
HRTELRIZ W 2B KR yT RN 5 i O B
BEA, H R B AR AR BN R e it
A TT TSR T IR v 22 BhAR . DR, 1) Wt 3 2 1)
X T, TG REYT R A, 3R e i R
PR REE, R, KEEIEgmIS RNA(long
non coding RNA, LncRNA)/miRNA/mRNAH7E i
W ATUE J7 B AT RV ), AT RE R e 2T )
WEAERE AP LncRNATE 2 Mo H R $58 55 e s
. A E A BUHE A AIRNAZ: 51 555
REEERW. Horp | R PR 7 F A 2R
SURNA 1(insulin-like growth factor family member 2
antisense RNA 1, IGFL2-ASI){E4E H e . BiEssE
s B, (et AR sE .. TR, 1R2E, HEe
BEJERE )R FE B0, HAMH] LncRNA IGFL2-AS13%14
A E miR-138-5p7™ A=, | OF S e A= W o747
M. miRNAR] P 25 & 48 mRNAF 3" #71X
(3’ untranslated region, 3'UTR)1A$ 2 Fh L K%,
HZE5MmiE. FPE. 2. AT ESH
G F A A, A HGEFR, miR-138-5piE
il et 2 2115 40 g Rk KRR, IR B R 5
Sk 2 [ 4(forkhead protein 4, FOXPOHM EAEH , &
S IR R S 100 FOXPAJE T N2 XSk B H 5
T, A6 40 N JE S0 2 R0 ke A ke SR E AT, HL
LT A S A o e R R B B L R AR 2R
EYE BT FOXP41#) 3'UTR X 38 5 miR-138-
SpfF1E H4MF 41, LncRNA IGFL2-AS17] §£ 5 miR-
138-SpfA7ERE [ K R [FIB 4N LncRNA IGFL2-
AS1H] A8 1T 4% miR-138-5p/FOXP4Z: 5 fiifi i 3k
J& , (R T FLUESE o AW 55 LA 20 il AS49 4
WX %, % LncRNA IGFL2-AS 16 75 8 ik 1 %
miR-138-5p/FOXP4 % 52 M fili gt 2% 1k AL W) 24T 9

1 MRI5REE
1.1 AZAKRIR

B M T N RIS B (R RRAS B )20234F 6 H &
20244 12 H F ARV BRI il B 55 H 2R A, P2
PRARSS 5501 . AW FE 4 A B A0 3 25 Dt 4 o ks
(K2025-104-01), H3RMG FrA B8 M AE F & .

1.2 FELTSUEE

N IE bRz fifi 40 s (BEAS-2B) A fii i 2 Jfa
% (A549. NCI-H1975. PC-9)I [ o [ R} 27 e i
RURE IR R R 2 4 e PCRIRFI &L (185
RR420A)4 H TaKaRaA &; RPMI 164055 7= (18 5
11875093). DMEM#; 774 (1851 11965092). fig 4
3% (P25 : A5669701). FZEE FIEE (155 : 15400054)
6 B Gibeos | ; Wi 7 & (185 ¢ 4366597).
RNAZ B35 & (175 1 AM1561)I H InvitrogenZy
F]; CCK8IRFNE (175 C0038). RIPAZLAR (155
P0013B). HEEECLAL Y KGR & (HE 5 PO018M)
W E EgES REMERRBARAF; WL
ZHEAS ) & (P85 1 16186)1 H ThermoFisher
Scientific/A 7] ; Annexin V-FITC/PIZH it 78 T 46 i
A& (P25 : BL107B)W A & AL 3 & A W RHE A BR A
"] ; BCAHE A& &Ik & (I8 5 : CW0014S). SDS-
PAGE#EZ 1] #5177 & (B2 5 : CW0022S)8 H YT 75 5R
@ AR A BR A\ ifk E-cadherin(Bt
5 : ab40772). Vimentin(755 : ab92547). Bel-2(1%
51 ab32124). Bax(1%%5: ab32503). FOXP4(1t %5 :
ab242127). GAPDH(%%5 : ab8245) Jx HRPRit £ 47T
(B85 : ab205718)EEPL i (F2 5 : ab205719) —Fit
I H Abcam /A 7 .

NovoCyte Advanteoniii 41 AL 4 H Agilent
] ; Spectra Max M5 % D Re AR IE H 247
FALE (R H R A F] ; BioSpectrum 810 Imaging
System#t /I %1% 2 4¢ ) H ThermoFisher Scientific/A
Cip
1.3 7
1.3.1 qRT-PCRA& M A & 40 f& ¥ LncRNA IGFL2-
AS1. miR-138-5p. FOXP4 mRNA &) & ik K-F
¥ 4l it BEAS-2B{# i DMEM 52 4= 55 77 3, A549,
NCI-H1975. PC-9ffi i RPMI 16405¢ 157785, T
37 °C. WA . 5% A LRIFE R 9E. X4
YRRl A 22 80%~90%I) , F RNAZ3 591771 & 75 B9
HEARGH M S RNA, I E RNA K200 K FE .
a8 3 2 SR 0 o RNATE #6589 cDNA . e 4h,
AGAPDH. U6NZ, i#47qRT-PCR. S 21
95 °CHiAZE 5 min; 95 °CAE14: 30 s, 60 °CiB K 30 s,
72 °CIEAHI50 s, FL40MEFA . I 2 249553 M Ln-
cRNA IGFL2-AS1. miR-138-5p. FOXP4 mRNA
RIEKF. 5T IR IFTR.
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%1 ¢RT-PCR3|#575
Table 1 qRT-PCR primers sequence
HE[H] LiESI(5'—3") NS -3
Gene Upstream primers (5'—3") Downstream primer (5'—3")

LncRNA IGFL2-AS1 AGC CTATTT CCAGACAACT

miR-138-5p GCG AGC TGG TGT TGT GAATC
FOXP4 AGG ACA CGG AGG GTT CAG

U6 CTC GCT TCG GCA GCA CAT ATA CT
GAPDH CCTTCC GTG TCC CCACT

AGAATC AAC GAC CTC TAC AT
AGT GCA GGG TCC GAG GTATT
TGT GGG GAG AGC TGG TG

ACG CTT CAC GAATTT GCG TGT C
GCCTGCTTCACCACCTTC

132 @miestf A am BBx10°MAEUE KBTI
ASAOYN A T 6FLBR R, K43N Control2H (5 KR
Ri7%). sh-NC4L (% 44 sh-NC). sh-IGFL2-AS141 (¥%
Yt sh-IGFL2-AS1). sh-IGFL2-AS1+anti-NCZH (JL#%
e sh-IGFL2-AS1 /1 anti-NC). sh-IGFL2-AS1+anti-
miR-138-5p2H (JL4% 4 sh-IGFL2-AS 1l anti-miR-
138-5p), ] Lipofectamine 2000444448 h. i it
qRT-PCRll & LncRNA IGFL2-AS1. miR-138-5p.
FOXP4 mRNARIL /K, RSP NL3.1.
1.3.3 WK F B £ 3447 LncRNA IGFL2-AS15
miR-138-5p. miR-138-5p5 FOXP4Z [a] % % H
5310306 HAE KA ASA9ZN A, K HAZ A T 6FLHR
41 A Rl A EL R 22 60% K, K LncRNA IGFL2-
AS1/FOXP4%7 4 1 (WT-IGFL2-AS1/FOXP4) 5l R AF
T (MUT-IGFL2-AS 1/FOXP4) 4 25 2 [K A 5 miR-
138-5p mimicEmimic-NC7) | #% L 2= 4}l . 48 h/,
TR I R s 2 Tk W k) A s R I A
1.3.4  CCK8FeLIER & 5% I M T 4m e 38 74 fik
CCK8: UL gy 5 i 4 i, # HAm T 96Uk, K597
24 ho BFLAINCCKSIAW 10 pL, 37 °CHFE 1 h, F
F 2 Dy RERE AR E S K450 nm AL RO FEE .

SLIETE SRS - B G I (A, R R Rl T
12FLAR, & H WS40 Mo A= K AR L, 440 a1 1 R AR 7f
HE v RE S , K 4% 2 56 WA e ] e A0 2 I 1 o 240 P
30 min, 0.1%%5 i 55 YL 5.20 min, M5 IS0
1.3.5 Transwell £3en & tafieit 45 . 122424 i
Pt LS i, 7E Transwellff) =48 HA S
1ML FIRPMI 164085774, R Z= U IRPMI 1640%%
FEIHE (F 10% 0137 ), 24 hJg, #N4%% % FEEE ¢
WCE R E 15 min, #EH 0.1% 4 mE SR G0
20 min, i@ U TH RO LI F A

12285208« SIS HTSSE Transwell FE4%— 2

Rk, BT RFEMAAE TSR BRI TESE, M
EEHINA RS, HRLERERE S FiRT
R SIS B I AT, I JE T SR AR AR 2R
1.3.6 AR I Ko7 am it A K-F B gL f5
1) 24 PR (4 . 2% 2 9 800/4L), 4 H4ZeFh T-6FLAR Hh, 1%
3524 h. %M Annexin V-FITC/PIZH M T 46 3 7]
FUL IR D BT A I, 40 w2 i G L
DS - Wi O VO R I V11 R B T
1.3.7 Western blot#t|& Vimentin. E-cadherin. Bcl-
2. FOXP4. BaxZ& @& #iAK-F  ffi FIRIPAZLAEW
W EGN A 2 4 , - SDS-PAGE#EAT 0 5. K5
F i F 2 PVDFE &, F 5% Bt g 4= 9 = 3 3 1)
1 h. 4 E-cadherin(1:8 000). Vimentin(1:2 500).
Bel-2(1:1 000). Bax(1:5 000). FOXP4(1:1 000).
GAPDH(1:8 000)—PifE 4 °C NI AbHE . B, ¥
5 —H0(1:5 000)EZE iR R E 1 he &5, KAHE
ECLALS RGN & . B g R, .
Guit. ST EARIEKT
13.8 s FEk  HEMEBALB/CH R I2 LR E
IR MR IR AR, WAMHES: SCXK(&) 2023
0010], 4~5F#s, 15~18 g, Bz FiE4H 1094 sh-NC4
PR ZH ). sh-IGFL2-AS 14 (SE3& 4 )4, fi46
Ho /N BEBREDOK, B9R28K, AFEERE, Bk
JEH L, W EARFIFN R &, qQRT-PCRIZAS I 4H £
LncRNA IGFL2-AS1. miR-138-5pf1FOXP4 mRNA
IZRIK IR o BT 2 AR e s A6 B 2% O 2> b (At
52023024).
14 Zit59%h

K SPSS 26.084 X Hdm d AT vt 0 A, 45
DA BUERRUE 2 (vks) RN o SR L R AR A6 00 33047
PRARIA] LU, B DRI 3R 7 22 2 i T 2 ZHLIE] LU, JFR
F SNK-gf 38 AT AL A EL . P<0.05% 7~ 2 57
Bk E X
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2.1 FhfE4EZE A LncRNA IGFL2-AS1. miR-138-
5pF1FOXP4 mRNARIFRIA K F

fifi &% 40 24 tF LncRNA IGFL2-AS1 /X FOXP4
mRNARIAIK 5 T 55 4141, miR-138-5pKiA K
AR T 55 412 (P<0.05). W42,
2.2 PhEE4ARE R LncRNA IGFL2-AS1. miR-138-
5pF1FOXP4 mRNARIFRIL K F

MR 3pR, 5IEH EEI4If BEAS-2BAH L,
i 4 0 A549. NCI-H1975. PC-9+ LncRNA IG-
FL2-AS1. FOXP4 mRNAZ % /K-F-Ft 1, miR-138-5p
FIEKF R B (P<0.05), A AS4941 i+ LncRNA

IGFL2-AS1. miR-138-5p. FOXP4 mRNAZE{L il
R, Modk -4 e T — 2ot
2.3 qRT-PCREMEE L5400+ LncRNA IG-
FL2-AS1. miR-138-5p. FOXP4 mRNAZRIAIKFE
5 Control4l . sh-NCZHAHLL, sh-IGFL2-AS141
AS4941 iy H LncRNA IGFL2-AS1. FOXP4 mRNAZR
KKK, T miR-138-5p# ik KT TF i (P<0.05);
Eish-IGFL2-AS14H. sh-IGFL2-AS1+anti-NCZHAH LL,
sh-IGFL2-AS 1+anti-miR-138-5pZH A5494fitd ' Ln-
cRNA IGFL2-AS1RIAK &AW RN, FOXP4
mRNAF L /KF 5, 11 miR-138-5p2 ik 7K F B
(P<0.05). W.%4.

2 FhfEEtE4E P LncRNA IGFL2-AS1. miR-138-5pF1FOXP4 mRNAHIZRIEIE S
Table 2 Expression of LncRNA IGFL2-AS1, miR-138-5p and FOXP4 mRNA in lung cancer tissues

4 LncRNA IGFL2-AS1%iA miR-138-5p#ik FOXP4 mRNAZ ik

Group Expression of LncRNA IGFL2-AS1  Expression of miR-138-5p Expression of FOXP4 mRNA
Paracancer tissue 0.98+0.06 1.01£0.07 1.01+0.05

Lung cancer tissue 1.71+0.25* 0.56+0.05* 1.7940.16*

*P<0.05, G FHLAMALL. n=55, Xts,
*P<0.05 compared with the paracancer tissue. n=55, ¥+s.

%3 qRT-PCRVEfHE ZHAEF LncRNA IGFL2-AS1. miR-138-5pF1FOXP4 mRNAZIEIES
Table 3 Expression of LncRNA IGFL2-AS1, miR-138-5p and FOXP4 mRNA in lung cancer cells detected by qRT-PCR

#153

Group LncRNA IGFL2-AS1 miR-138-5p FOXP4
BEAS-2B 0.99+0.10 1.02+0.11 1.00+0.09
A549 2.09+0.21* 0.45+0.05* 2.11+£0.21%*
NCI-H1975 1.44+0.14* 0.52+0.05* 1.51+0.15*
PC-9 1.68+0.17* 0.60+0.06* 1.76+0.17*

*P<0.05, 5BEAS-2B41IHLL . n=6, ¥ts.
*P<0.05 compared with the BEAS-2B group. n=6, X+s.

#4 RT-PCRIEMEE 25 4MEE P LncRNA IGFL2-AS1, miR-138-5p. FOXP4 mRNARIZFRIEIE R
Table 4 qRT-PCR was used to detect the expression levels of LncRNA IGFL2-AS1, miR-138-5p and FOXP4 mRNA

in the cells after transfection

éifip LncRNA IGFL2-AS1 miR-138-5p FOXP4 mRNA
Control 1.01£0.11 0.98+0.10 0.99+0.10
sh-NC 1.03+0.10 0.96+0.08 1.01+0.11
sh-IGFL2-AS1 0.46+0.05*" 1.97+0.19%* 0.47+0.05**
sh-IGFL2-AS1+anti-NC 0.44+0.04 1.98+0.20 0.49+0.06
sh-IGFL2-AS1+anti-miR-138-5p 0.45+0.05 1.33+0.1344 0.70+0.0844

#P<0.05, 5 ControlZHAH LL; “P<0.05, 5 sh-NCZHAH [L; #P<0.05, 5sh-IGFL2-AS1ZHAH LL; 4P<0.05, 5sh-IGFL2-AS1+anti-NCZHAHLL . n=6, ¥ts.
*P<0.05 compared with the Control group; “P<0.05 compared with the sh-NC group; “P<0.05 compared with the sh-IGFL2-AS1 group; 4P<0.05

compared with the sh-IGFL2-AS1+anti-NC group. n=6, X+s.
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24 WRNERELINIEM LncRNA IGFL2-AS15
miR-138-5p. miR-138-5p5 FOXP4z [a]A)4E (5]
{5 F Starbase Tl & B, miR-138-5p5 LncRNA
IGFL2-AS18{ FOXP4 3'UTRIAELE S &0, WA
1K 2, ®S5E/R, M mimic-NCZ, miR-141-3p
mimicZ 4% ¢ WT-IGFL2-AS1. WT-FOXP4)5, %%
REEME T %(P<0.05).
2.5 Ef{KLncRNA IGFL2-AS1%tAS49%H ff1 18 58
A
#HEE sh-NC. Control4l, sh-IGFL2-AS14147i%

K, TR (P<0.05); AL sh-IGFL2-AS14.,
sh-IGFL2-AS1+anti-NC4 , sh-IGFL2-AS1+anti-
miR-138-5pAA7iE &, s LI+ (P<0.05). W&
613,
2.6 BE{ELncRNA IGFL2-AS1%tAS494MAT 5
RZERF N

5 sh-NC. Control# 8L, sh-IGFL2-AS14H
ASA9TML I IT R HL . R B HFAK (P<0.05); 5 sh-
IGFL2-AS141. sh-IGFL2-AS1+anti-NCZHAH Lt , sh-
IGFL2-AS1+anti-miR-138-5pZH AS494H ffa ()3 7 %«
1RZEHTHE(P<0.05). WERTMEA4,

5 miR-138-5pXfLncRNA IGFL2-AS1, FOXP43EHEEGE MRS
Table 5 The effect of miR-138-5p on the luciferase activity of LncRNA IGFL2-AS1 and FOXP4

ZH 5

G 2 WT-IGFL2-AS1 MUT-IGFL2-AS1 WT-FOXP4 MUT-FOXP4
roup

mimic-NC 1.00+0.11 0.99+0.10 0.98+0.09 1.02+0.11

miR-138-5p mimic 0.45+0.05%* 0.9740.09 0.42+0.04* 0.99+0.10

#P<0.05, Smimic-NCZAH L. n=6, ¥ts.
*P<0.05 compared with the mimic-NC group. n=6, X=£s.

LncRNA IGFL2-AS1

miR-138-5p

5" GUCGUUGAUUCUGCAGCACCAGCA 3’

3" GCCGGACUAAG--UGUUGUGGUCGA 5’

El1 LncRNA IGFL2-AS15miR-138-5pHE & i
Fig.1 The binding sites of LncRNA IGFL2-AS1 and miR-138-5p

FOXP4

miR-138-5p

5" GGCCCUCCUCCCC-----CACCAGCU 3’

3" GCCGGACUAAGUGUUGUGGUCGA 5’

&2 miR-138-5p5 FOXP4RYE A L=
Fig.2 The binding sites of miR-138-5p and FOXP4

726 FUKLncRNA IGFL2-AS1%}A5494 A1 TE A 520
Table 6 The effect of down-regulating LncRNA IGFL2-AS1 on the proliferation of A549 cells

e kERL

Number of clones

44 AEEE %
Group Survival rate /%
Control 98.97+1.03
sh-NC 97.01£2.99
sh-IGFL2-AS1 47.52+3.75%*
sh-IGFL2-AS1+anti-NC 45.23+3.52

sh-IGFL2-AS1+anti-miR-138-5p

71.64+6.16%4

134.75+11.48

132.34+11.23
65.61+£5.56*"
66.72+5.67
08.05+8.9144

*P<0.05, 5 ControlZHAH LL; 7P<0.05, 5sh-NCHA EL; #P<0.05, 5sh-IGFL2-AS 120 EL; 4P<0.05, 5sh-IGFL2-AS1+anti-NCZHAALL . n=6, Xts.
*P<0.05 compared with the Control group; *P<0.05 compared with the sh-NC group; “P<0.05 compared with the sh-IGFL2-AS1 group; 4P<0.05

compared with the sh-IGFL2-AS1+anti-NC group. n=6, X+s.
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Control sh-NC sh-IGFL2-AS1

sh-IGFL2-AS1+anti-NC

E3 SEPER SRR AS494RARAYIRTEF R

Fig.3 The clone formation experiment was used to detect the proliferation of A549 cells

37 AUELncRNA IGFL2-ASIXTAS4OMALER . RZEMIFAT
Table 7 The effect of down-regulating LncRNA IGFL2-AS1 on the migration and invasion of A549 cells

et T R4

Group Number of migrations Number of invasions
Control 110.46+9.05 101.1349.11

sh-NC 109.35+8.94 102.01+9.20
sh-IGFL2-AS1 54.03+5.40%" 50.49+4.05%*
sh-IGFL2-AS1+anti-NC 53.5445.35 51.3244.13
sh-IGFL2-AS1+anti-miR-138-5p 82.24+8.2244 75.67+£6.574*

*P<0.05, 5 ControlZHAHLL; *P<0.05, 5sh-NCALAHLL; #P<0.05, 5sh-IGFL2-ASTZHAH Lk; 4P<0.05, 5sh-IGFL2-AS1+anti-NCAAH L . n=6, Xts.
*P<().05 compared with the Control group; “P<0.05 compared with the sh-NC group; #P<0.05 compared with the sh-IGFL2-AS1 group; 4P<0.05
compared with the sh-IGFL2-AS1+anti-NC group. n=6, X+s.

Control sh-NC sh-IGFL2-AS1 sh-IGFL2-AS1 sh-IGFL2-AS1
+anti-NC +anti-miR-138-5p

El4 TranswellSCIEHMAS49MARADTERE . REER
Fig.4 The Transwell assay was used to detect the migration and invasion abilities of A549 cells

2.7 Ef{K LncRNA IGFL2-AS1%} AS494HRtE = # L TF(P<0.05); #HH sh-IGFL2-AS14H. sh-IGFL2-
A AS1+anti-NC41, sh-IGFL2-AS1+anti-miR-138-5p4
FIEL sh-NC. Control4il, sh-IGFL2-ASTZHIT: T H FN[#(P<0.05). WLESFIES.
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Table 8 The effect of down-regulating LncRNA IGFL2-AS1 on apoptosis of A549 cells
il T /%
Group Apoptosis rate /%
Control 2.5440.25
sh-NC 2.69+0.27
sh-IGFL2-AS1 50.02+5.00%*
sh-IGFL2-AS1+anti-NC 49.43+4.94

sh-IGFL2-AS1+anti-miR-138-5p

25.61+2.5644

#P<(0.05, 5 ControlZHAH LL; *P<0.05, 5sh-NCZHAH LL; #P<0.05, Esh-IGFL2-AST4LAH EL; 4P<0.05, 55sh-IGFL2-AS1+anti-NCAHAH L . n=6, ¥ts.
*P<0.05 compared with the Control group; “P<0.05 compared with the sh-NC group; “P<0.05 compared with the sh-IGFL2-ASI group; 4P<0.05

compared with the sh-IGFL2-AS1+anti-NC group. n=6, X+s.

Control

sh-NC

sh-IGFL2-AS1

104 0.12% 1.75% 1044 0.10%

103_

1.87% 1044 0.33% 39.81%

103.

=104 &1024 =107
10 5 10' 4 10'4
100 97.34% 0.79% - 97.21% 0.82% 100 149:65% 10.21%
100 100 100 100 10° 100 100 100 100 10¢ 10° 100 100 100 10*
Annexin V-FITC Annexin V-FITC Annexin V-FITC
sh-IGFL2-AS1+anti-NC sh-IGFL2-AS1+anti-miR-138-5p
10+ J0.31% 39.30% 100 4021% 20.47%
10° 4 10° 4
21024 =102 4
10" 5 10'
o0 150.26% 10.13% Lo L 7418% 5.14%
2/ N E— L) REA T W .
100 100 100 10°  10* 100 100 100 100 10*

Annexin V-FITC Annexin V-FITC
ES SRR M AS494HRE R T

Fig.5 Apoptosis of A549 cells was detected by flow cytometry

2.8 B LncRNA IGFL2-AS1%f A5494R At E-
cadherin, Vimentin. Bcl-2, Bax., FOXP4&EH
FIERIFZ N

Ejsh-NC. ControlZHAH EL, sh-IGFL2-AS14H A549
A Vimentin. Bel-2. FOXP4E £ 1A KB,
1Ml E-cadherin, Bax &[4 7K F 7+ 5 (P<0.05); 5 sh-
IGFL2-AS141. sh-IGFL2-ASI+anti-NCZ A, sh-
IGFL2-AS1+anti-miR-138-5p4l A54941 g ' Vimentin
Bel-2. FOXP4%E 321k 7KV Ft =, 1E-cadherin. Bax
EALRIEKFREIR(P<0.05). WFEIFEG6.,

2.9 EZFSLncRNA IGFL2-AS1X R R %
KHY R

SI2 56 2 il 9g Jot & AN AR R & LncRNA IGFL2-
AS1. FOXP4 mRNAZRIE/K-FIET X HEZH , miR-
138-5pR ik /K F i T4 R 4H.(P<0.05).  L3R10.

3 Wig

il 475 88 2 5 BT A R R A A S BE T
(97 BT, FETIUR i3 15 2 2 R KUK IR 2 T
R, ST A G AT 7 T IR A 9T 25 AR
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&9 BKLncRNA IGFL2-AS13%A54940ffI-FE-cadherin, Vimentin, Bel-2. Bax., FOXP4%ZE QA FRIARIEM
Table 9 The impact of down-regulating LncRNA IGFL2-AS1 on the expression of E-cadherin, Vimentin, Bel-2, Bax,
and FOXP4 proteins in A549 cells

Vol . ) .

E-cadherin Vimentin Bcel-2 Bax FOXP4
Group
Control 0.62+0.06 1.10+0.11 1.41+0.14 0.43+0.04 2.02+0.20
sh-NC 0.63+0.07 1.08+0.10 1.43£0.13 0.42+0.03 1.99+0.19
sh-IGFL2-AS1 1.28+0.13*" 0.54+0.05*" 0.71£0.07*" 0.89+0.09*" 1.03£0.10*"
sh-IGFL2-AS1+anti-NC 1.27+0.12 0.56+0.06 0.69+0.07 0.92+0.09 1.02+0.11
sh-IGFL2-AS1+anti-miR-138-5p 0.95+0.1044 0.75+£0.0744 1.06+0.1144 0.65+0.0644 1.50+£0.1544

#P<0.05, 5 ControlZLAH L; “P<0.05, 5sh-NCALAH HL; ©P<0.05, 5sh-IGFL2-AS1414H E; 4P<0.05, 5sh-IGFL2-AS1+anti-NCZLAH L. n=6, ¥+s.
*P<(.05 compared with the Control group; “P<0.05 compared with the sh-NC group; “P<0.05 compared with the sh-IGFL2-AS1 group; 4P<0.05
compared with the sh-IGFL2-AS1+anti-NC group. n=6, X+s.

Control sh-NC  sh-IGFL2 sh-IGFL2- sh-IGFL2-AS1
-AS1 AS1 +anti-miR-
+anti-NC 138-5p

E-cadherin TSRS s - - - 97 kDa
Vimenin D G e cm—— —
sz P D s . 2O

Bax — — D GEEEED C— 21 kDa

&6 Western blott;MAS5494f i E-cadherin, Vimentin. Bel-2. Bax. FOXP4EBRIRIEIEF T
Fig.6 The expressions of E-cadherin, Vimentin, Bcl-2, Bax and FOXP4 proteins in A549 cells were detected by Western blot

#10 FEFRLncRNA IGFL2-AS1X B4R R A £ K Y #2 0
Table 10 The effect of knocking out LncRNA IGFL2-AS1 on tumor growth in nude mice with tumors

il i e T /g Ji e AR AR /mm? LncRNA IGFL2-AS153% miR-138-5pFik FOXP4 mRNAF A

Group Tumor mass /g Tumor volume /mm® Expression of LncRNA Expression of miR-  Expression of FOXP4
IGFL2-AS1 138-5p mRNA

Control 2.08+0.35 1 415.28+150.26 1.01+0.11 0.98+0.07 1.02+0.15

Experimental 1.1740.28* 826.56+110.23* 0.61+0.07* 1.59+0.10* 0.57+0.08*

#P<0.05, SXTAAAE . n=6, Xts,
*P<0.05 compared with the control group. n=6, X=£s.
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mRNAFIEE 7K, 25 MR 4 Mg 1) & A4, X8
It B DR 20 P ) ML 4 4 T T ) LR . AEDAE R
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LncRNA IGFL2-AS17] DA% 414 25 £ miR-138-5p, H.
M LncRNA IGFL2-AS1, {23 miR-138-5p#ik, I
A0 B A, (BRI T, T HI miR-138-
Sp Al Wi 4% R Il LncRNA IGFL2-AS 14 AS494H (11
. IX$27%, K LncRNA IGFL2-AS 1] LA [A] T+
{5 miR-138-5p 1A 7K, il fifi s 240 P 20 1k A= 4 2
1719, R RERE K o X 5 VT8 155560 7t 45 R AR L,
K I FH LncRNA IGFL2-AS1A] | i miR-138-5p#&
3, ] G R 5 A4 1 5 AT AS

E-cadherin. Vimentins& I % —[0] 5 #5400 ¢ B
S5 T w32 |51 D = AR 1 O N - 2 A 2]
PEA %, Bel-2. Bax 5 40 M 7% PIAH ¢ 221, At
FERI, MUK LncRNA IGFL2-AS14> i A54941 ity
1 Vimentin. Bel-2485 H KI5, 31 E-cadherin. Bax
T ARIEKF, $E7-RE LncRNA IGFL2-AS1H] &
TR bR R R A A BRI T, 25 e ik
Ji& . FOXP4/& BIE e 7 s K 1 FOX KM Al i, H
HZME @B MM EER, G KE. M
i SR AR R A B AR Y. WU
S L LE i 22 AT i &R FOXP4 mRNAJK
P, FOXP4UTER G TGF-B R L T 7 HE 5 MMP-2
A MMP-9 )R IE KT AL, FEAS4940 1) 3
FAFIE R 22 240 . LI%E 1% I, LncRNA RP11-
116G8.58 it #f 474k miR-3150b-3p/miR-6870-5p
8 PHF12/FOXP43RIA , {2 a3k fii i 1R 20 P g 11 3%
PEAT NI R A . A5 B 5 Pl 57K, miR-138-
5p FOXP41) 3'UTRAAAE HLAMNT 5. XIONGE: ')
38, miR-138-5pid i # M) 7 #% FOXP4, & 5%
kR . SRR 8, WG R R A
miR-138-5p#i[a] 3£ N FOXP41t 3%, HA7E i 4n
Ml FOXP43R A &3 £ | Miflk LncRNA IGFL2-AS1
J& , FOXP4R A KFR#K. miR-138-5pFKik KTt
&, MAPHImiR-138-5p A £ FOXP4#ik . X IR,
LncRNA IGFL2-AS1 7] i i miR-138-5p/FOXP4 41
P25 i Jee 40 B R M AR D 2 AT . A, B AR
BRS8N, R LncRNA IGFL2-AS1Ji5 /N M8
Ji AR K LncRNA IGFL2-AS1. FOXP4 mRNA
FIEIKF-BIPRAR, miR-138-5p ik /K P T, #t—%



[ H:4%: LncRNA IGFL2-AS 1 ¥ miR-138-5p/FOX P41 it il 4 B v A= 02747 9 B 5 i

2577

HESLncRNA IGFL2-AS1Hi# i miR-138-5p/FOXP4
St 42 i s 52

25 FTiR , LncRNA IGFL2-AS 178 fiffiJis 41 ff

FKIEFREWZ , Wil LncRNA IGFL2-AS1A] fEil
i 142 miR-138-5p/FOXPA% , 111 H1) il Jees 241 fito 43 47
TR AR, FRE SR P T, S5 A0l il g 33 2
it i A R ML 2 8T X UL A% , LncRNA IGFL2-
AS1H] REVE A I PRI VR TT B (R B 55 . (BRI
K% LncRNA IGFL2-AS1/miR-138-5p/FOXP4%# ]
RS S LR DA R A PR B AR AL AT AR
R, IR AL AL, JG8AT T — ).

(1]

[2]

[3]

(4]

[3]

(6]

(7]

(8]

9]

[10]

SE Wk (References)

WADOWSKA K, BIL-LULA I, TREMBECKI L, et al. Genetic
markers in lung cancer diagnosis: a review [J]. Int J] Mol Sci,
2020, 21(13): 4569.

LI'Y, YAN B, HE S. Advances and challenges in the treatment of
lung cancer [J]. Biomed Pharmacother, 2023, 169: 115891.
WANG R, XU Y, TONG L, et al. Recent progress of exosomal
IncRNA/circRNA-miRNA-mRNA axis in lung cancer: impli-
cation for clinical application [J]. Front Mol Biosci, 2024, 11:
1417306-14.

HERMAN A B, TSITSIPATIS D, GOROSPE M. Integrated
IncRNA function upon genomic and epigenomic regulation [J].
Mol Cell, 2022, 82(12): 2252-66.

CEN X, HUANGYY, LU Z, et al. LncRNA IGFL2-AS1 promotes
the proliferation, migration, and invasion of colon cancer cells
and is associated with patient prognosis [J]. Cancer Manag Res,
2021, 13: 5957-68.

MAY, LIUY, PUY S, et al. LncRNA IGFL2-AS1 functions as
a ceRNA in regulating ARPP19 through competitive binding to
miR-802 in gastric cancer [J]. Mol Carcinog, 2020, 59(3): 311-22.
ST, WIANG, B4t i 2 B 1% IGFL2-AS 1/miR-138-
SpAmdil oY EE A g 5 . R BRI [T]. PR XU Y Q,
GANG X C, LIJ F. Ziyuglycoside | inhibits proliferation, inva-
sion and migration of ovarian cancer cells by regulating IGFL2-
AS1/miR-138-5p [J]. Chinese Traditional and Herbal Drugs),
2024, 55(4): 1248-54.

YANG H, LIU Y, CHEN L, et al. MiRNA-based therapies for
lung cancer: opportunities and challenges [J]. Biomolecules,
2023, 13(6): 877.

WU J, HAN X, YANG X, et al. MiR-138-5p suppresses the pro-
gression of lung cancer by targeting SNIP1 [J]. Thorac Cancer,
2023, 14(6): 612-23.

XIONG Y, ZHANG J, SONG C. CircRNA ZNF609 functions as
a competitive endogenous RNA to regulate FOXP4 expression
by sponging miR-138-5p in renal carcinoma [J]. J Cell Physiol,
2019, 234(7): 10646-54.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

CHEN T, LIU Y, CHEN J, et al. Exosomal miR-3180-3p inhibits
proliferation and metastasis of non-small cell lung cancer by
downregulating FOXP4 [J]. Thorac Cancer, 2021, 12(3): 372-81.
CHEN P, LIU Y, WEN Y, et al. Non-small cell lung cancer in
China [J]. Cancer Commun, 2022, 42(10): 937-70.

RUDIN C M, BRAMBILLA E, FAIVRE-FINN C, et al. Small-
cell lung cancer [J]. Nat Rev Dis Primers, 2021, 7(1): 3.

QIN M, LIU Q, YANG W, et al. IGFL2-AS1-induced suppres-
sion of HIF-1a degradation promotes cell proliferation and inva-
sion in colorectal cancer by upregulating CA9 [J]. Cancer Med,
2023, 12(7): 8415-32.

CHENG G, LIU D, LIANG H, et al. A cluster of long non-coding
RNAs exhibit diagnostic and prognostic values in renal cell car-
cinoma [J]. Aging, 2019, 11(21): 9597-615.

LIU S, WANG X, ZHANG J, et al. LncRNA IGFL2-AS1 as a
ceRNA promotes HCT116 cell malignant proliferation via the
miR-433-3p/PAK4 axis [J]. Turk J Gastroenterol, 2023, 34(5):
497-507.

ZHAO R, WANG S, TAN L, et al. IGFL2-AS] facilitates tongue
squamous cell carcinoma progression via Wnt/p-catenin signal-
ing pathway [J]. Oral Dis, 2023, 29(2): 469-82.

RAJAKUMAR S, JAMESPAULRAJ S, SHAH Y, et al. Long
non-coding RNAs: an overview on miRNA sponging and its co-
regulation in lung cancer [J]. Mol Biol Rep, 2023, 50(2): 1727-
41.

LIANG G, MENG W, HUANG X, et al. miR-196b-5p-mediated
downregulation of TSPAN12 and GATA6 promotes tumor pro-
gression in non-small cell lung cancer [J]. Proc Natl Acad Sci
USA, 2020, 117(8): 4347-57.

ZHANG Q, PAN J, XIONG D, et al. Aerosolized miR-138-
5p and miR-200c¢ targets PD-L1 for lung cancer prevention [J].
Front Immunol, 2023, 14: 1166951.

XIONG Y, YANG C, YANG X, et al. LncRNA MIR9-3HG en-
hances LIMK1 mRNA and protein levels to contribute to the car-
cinogenesis of lung squamous cell carcinoma via sponging miR-
138-5p and recruiting TAF15 [J]. Pathol Res Pract, 2022, 237:
153941.

SEARSTEE, AL, ML, 55 AR AL EMT(E 5 17 1k
/INGAH 9 A B T2 [0, o [ 2 3 2 Hi(DIWU D B, WANG
H, TAO H Y, et al. Bruceine A induces apoptosis of non-small
cell lung cancer cells by EMT signaling axis [J]. Chinese Phar-
macological Bulletin), 2024, 40(8): 1474-81.

JIJ, QIAN Q, CHENG W, et al. FOXP4-mediated induction of
PTK?7 activates the Wnt/B-catenin pathway and promotes ovarian
cancer development [J]. Cell Death Dis, 2024, 15(5): 332.

WU F, JI A, ZHANG Z, et al. miR-491-5p inhibits the prolifera-
tion and migration of A549 cells by FOXP4 [J]. Exp Ther Med,
2021, 21(6): 622.

LI H, ZHAO Q, TANG Z. LncRNA RP11-116G8.5 promotes the
progression of lung squamous cell carcinoma through sponging
miR-3150b-3p/miR-6870-5p to upregulate PHF12/FOXP4 [J].
Pathol Res Pract, 2021, 226: 153566.



