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[ E] BH: 1T miR-551b-3p X fili i A S 49 40 7 1~ 0 S A50RE 1 52 ) 2 Ay FALHL . FTiE s B miR-
NC, miR-551b-3p, anti-miR-NC, anti-miR-551b-3p, si-NC, si-USPOX /555 YL EAs49, id N
miR-NC#Z] . miR-551b-3pZ . anti-miR-NC#] . anti-miR-551b-3pZ . si-NCZ . si-USPOXZ; KfmiR-
551b-3p43 5l 5 pcDNAFIpcDNA-USPOXILH Ye EAS49, JC A miR-551b-3p+pcDNAZLL, miR-551b-
3p+pcDNA-USPOXZH . K 5921 %€ 6 & 5 PCR(RT-qPCR) K Pl miR-55 1b-3p FUSPOX (1) # 35 /K F-;
B 3T B 0 3 0 X e € A 3 B Y 2 B R E AR 1 K 3 9 (ubiquitin-specific peptidase 9 X-linked,
USP9X) ., BANAEMKELIE / (L% -2 (B-cell lymphoma/leukemia-2, Bcl-2). Bel-24HCXTE H (Bcl-2
related X protein, Bax)E"J%iﬁ; D E %i—ﬁ*ﬁfﬂUmiR-SS1b-3p7Fl]USP9XEl/‘J$[']W%%; A
L A 00 240 L 00 T 5 L o R R TR S T A U R S R . SR e IR 2 RN I 9 4 L AS 49
i miR-551b-3p 7 ik /K i 35 [ A%, USPOX mRNAFIHE H i ik /K F i 3 T+ 55 (¥ P<0.001) . miR-
5S1b-3pHl [ FEUSPOX, i RiAmiR-5S1b-3p PN HIUSPOXFRIL, MMM T B E T, Bol-2&Kik
KOF RS, BaxFRIAACE WS, A A W] & F 4% (¥ P<0.001), USPOXil Fikilifs
T miR-551b-3pat 3K X i 68 AS 49 4l M U T R UM E T . 8518 i %A miR-551b-3pfE ilf
it 9 ASAQ LM ML T, 1 it it s 200 B ICSRT SO AL AT BE S5 USPOXA 56,
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Effect of miR-551b-3p targeting USP9X on apoptosis and
radiosensitivity of human lung cancer A549 cells
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Abstract Objective: To investigate the effect of miR-551b-3p on apoptosis and radiosensitivity of human lung cancer A549
cells and its molecular mechanism. Methods: miR-NC, miR-551b-3p, anti-miR-NC, anti-miR-551b-3p, si-NC,
and si-USP9X were transfected into AS549, respectively, and recorded as miR-NC group, miR-551b-3p group, anti-
miR-NC group, anti-miR-551b-3p group, si-NC group and si-USP9X group; miR-551b-3p was co-transfected
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with pcDNA and pcDNA-USP9X into A549, respectively, recorded as miR-551b-3p+pcDNA group and miR-
551b-3p+pcDNA-USP9X group. Real-time quantitative PCR (RT-qPCR) was used to detect the expressions of
miR-551b-3p and USP9X; Western blotting was used to detect ubiquitin-specific peptidase 9 X-linked (USP9X),
B-cell lymphoma/leukemia-2 (Bcl-2), Bcl-2 related X protein (Bax) protein expression; luciferase reporter assay
detects the targeting relationship of miR-551b-3p and USP9X; flow cytometry detects apoptosis; cell clone
colony formation experiments detect radiosensitivity. Results: The expression of miR-551b-3p was significantly
decreased in lung cancer tissues and lung cancer cell A549, and the expressions of USP9X mRNA and protein were
significantly increased (all P<0.001). MiR-551b-3p targeted USP9X, overexpressed miR-551b-3p and inhibited
USP9X expression, apoptosis rate was significantly increased, Bcl-2 expression was significantly decreased,
Bax expression was significantly increased, and cell survival curve was significantly shifted down (all P<0.05).
Overexpression of USP9X reversed the effect of miR-551b-3p overexpression on apoptosis and radiosensitivity
of lung cancer A549 cells. Conclusion: Overexpression of miR-551b-3p promotes apoptosis of lung cancer A549
cells and enhances radiosensitivity of lung cancer cells. The mechanism may be related to the USP9X.
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Figure 1 Expression of USP9X protein

N1, N2, N3O ARBESHL, T1, T2, TR
ML

N1, N2, and N3 are different adjacent tissues, and T1, T2, and T3

are corresponding cancerous tissues.

1 MiR-551b-3pFNUSPOXTE Afi 8 0 27 B 3R 1% (n=20)
Table 1 Expression of miR-551b-3p and USP9X in lung

cancer tissues (1=20)

il miR-551b-3p USP9XmRNA  USP9X#K [
JEsE 4l 1.00 +0.09 1.00 = 0.08 0.23 + 0.03
MiifiEdHst 0.54+0.05 2.44 +0.24 0.64 + 0.06
t 19.981 25.455 27.333
P <0.001 <0.001 <0.001

2.2 MiR-551b-3p #1 USPOX 7E fifi & A549 4H i1 #n
1IEE il b R 48 BEAS-2B IR IE

SIE W R A0 BEAS-2BAH L, ilifEAS49
AL miR-551b-3p K ih K- i AL, USPIX
mRNAFIHE [ 5T R 35 7K 7 W 3 FH & (¥ P<0.001 ;
K2, 3R2).

BEAS-2B AS49

USPOX | WeG— -

B2 USPOXE A 7E R EAS 49 B FN IE B fifi b FZ 4B IBEAS-
2BRIMIRIX

Figure 2 Expression of USP9X protein in lung cancer A549
cells and normal lung epithelial cells BEAS-2B

<2 MiR-551b-3pFAUSPOXTE filifE2 A 549 2 B A IE % i bk K2
ZHAEIBEAS-2BF YR IE (n=9)

Table 2 Expression of miR-551b-3p and USP9X in lung cancer
A549 cells and normal lung epithelial cells BEAS-2B (1=9)

S| miR-551b-3p USP9XmRNA  USP9X &[]
BEAS-2B  1.01£0.08 1.02 +0.09 0.21+0.03
AS49 0.39 + 0.04 3.14 £ 0.29 0.59 + 0.05
t 20.795 20.946 19.551

P <0.001 <0.001 <0.001

2.3 MiR-551b-3p ¥ [T % USPIX HIFR %

*ﬁ%TargetScanﬁﬁEﬁﬁﬁ?USP9X'—ﬁmiR-
SS1b-3pfrfEdhi & Al s (KI3A) . BRI &
S8 N . 5 miR-NCA M, miR-551b-3p4H
rh e G B A A SRR KW T-USPOX Y AS49 4 il
POt KB IE Mk & PR AR (P<0.001); MTHE YR
A5 H TR ARMUT-USPOX Y AS49 40 il ¢ 6 K
il 3% 1 22 S L Ge i L (#K3) . HmiR-NCH
I, miR-551b-3pZimiR-551b-3p ik KF Tt
&, USPOXFRKIKIK VB F[EM(P<0.001), 5§
anti-miR-NCZ M, anti-miR-551b-3pZ miR-
551b-3p ik K F ML, USPOXFE ik /KK % T+
= (P<0.001; KI3B, £4),

WT-USP9X 3'UTR & ugGGC;I‘\UCII\GGALIJGLIJGGGllJCGu 3
miR-551b-3p 3 gaéUUUGéUU&I -AUA&&&A&&Q 5
MUT-USP9X 3’ UTR 5§ ugAGCGUUGGAACGCUAUCACuU 3’

&3 MiR-551b-3p¥B [@ 3= USPOXHI R %

Figure 3 miR-551b-3p targeted regulation of USP9X
expression

(A)USPOXAY3 UTRH & A 5 miR-551-3p B AN 1T B2 T
515 (B)USPOXZE 14k .

(A) 3'UTR of USP9X contains a nucleotide sequence
complementary to miR-551-3p; (B) USP9X protein

expression.

33 WK E R E 3298 (n=9)

Table 3 Dual luciferase reporting experiment (n=9)

G| WT-USP9X MUT-USP9X
miR-NC 1.04 + 0.09 1.01 = 0.08
miR-551-3p 0.48 +0.05 1.00 + 0.09
t 16.317 0.249

P <0.001 0.806




MiR-551b-3p #lLI1] USPOX X Al AS49 ZHAIH T FIBCH BUSPEnsm S nle, 45 5

4 MiR-551b-3piE{ZUSPIXE B HI K% (n=9)
Table 4 MiR-551b-3p regulates the expression of USP9X
protein (1=9)

| miR-551b-3p USPOXFE [
miR-NC 1.01 +0.08 0.62 + 0.06
miR-551b-3p 2.81 +0.27* 0.24 + 0.03*
anti-miR-NC 1.00 + 0.09 0.59 +0.05
anti-miR-551b-3p 0.44 + 0.04° 0.96 + 0.08°
F 430.503 77.514

P <0.001 <0.001

5miR-NCH L, *P<0.05; Hanti-miR-NCH LA,
P<0.05.

Compared with miR-NC group, *P<0.05; compared with anti-
miR-NC group, "P<0.0S.

2.4 MiR-551b-3p iF FRIEXTAilifE A549 4 AEA T F0
AT e R R R
5 miR-NCHAM L, miR-551b-3pZHAS4941 iy

A miR-NC

PI

1
10 3
10° il fead ) "
0° 10 100 100 10*
Annexin V-FITC
B
R
/\:0 &
& Nt
S &
Bcl-2 M. —
Bax w—
carpn TR S

Survival fraction

0.001
0

miR-§S1b-3pRIk/KV & Tk, AMLJH TR B 3%
Thm . Bel-2RAKF- E FEAK, BaxR kK 3%
THE (P<0.05; K4A, 4B, S). 400 v T8 mi sk
W fE, i 2R GRS 1 (FRe), TE
AS49AIHE T miR-551b-3p 4L AYSER N 2.222 . 4
EHEMAME(E4C) R fER—REEHT,
miR-551b-3p MR 2 40 B 14 47 16 53 B0 /D T miR-
NCHRAIZ, BEE BG40 00 77 7 il 2
B N,

2.5 ##l USPOX Tk T AfifEE A549 £ A E - F0 A
SRR BN

5si-NCH M, si-USPIXZH AS49 4 fitg
USPOXFIA/K T AT, 40MEH =% &I
&, Bel-23RIAACE L EHFEAL, Bax A /KF W& T+
7 (P<0.05; KISA, 5B, 7). i Z RIS
A (328), TEAS494N L Hsi-USPOXE AL
B L (SER) N 1.719, AHLAOAE G L4 <k (K sC)
Won: TEW—RE ST, si-USPOXHE S 20 4H At 1)
TR0 B0 /N Fsi-NCHRST AR, 401 A4 7735 fh 2%
B N s [A)— 4 v S [ 70 2 1 5 2 BELSS 1 400 e
TG 43 B IH (B A1

miR-551b-3p

Laail Sasial Saasl L
o 10 100 10° 10*
Annexin V-FITC

-= miR-NC
-e- miR-551b-3p

2 4 6 8
Radiation dose (Gy)

&4 MiR-551b-3pid 3% ik X1 FfifEE A 54920 AR T A A ST BB HE R 22 IR
Figure 4 Effect of miR-551b-3p overexpression on apoptosis and radiosensitivity of lung cancer A549 cells
(AU T3 E s (BT A CHER A 3K (C)miR-551b-3pidh 2 1 X i i AS 49 4 Il S Atk 1Y) B0 . *P<0.05

(A) Apoptotic flow pattern; (B) Apoptosis-related protein expression; (C) Effect of miR-551b-3p overexpression on radiosensitivity of lung

cancer A549 cells. *P<0.05.
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5 MiR-551b-3pit FRIA XS Al EEAS 4920 B A =AY #2 M (n=9)
Table 5 Effect of miR-551b-3p overexpression on apoptosis of lung cancer A549 cells (n=9)

I34H miR-551b-3p P23 /% Bcl-2#E 1 BaxZE [
miR-NC 1.00 £ 0.08 6.35 + 0.64 0.65 = 0.06 0.33 £0.03
miR-551b-3p 2.51 £0.25 21.36 £2.11 0.24 £0.03 0.79 £ 0.07
t 17.257 20.422 18.335 18.120
P <0.001 <0.001 <0.001 <0.001
6 B SHEASH
Table 6 Click on multi-target model parameters
A1 D, (Gy) D, (Gy) N SF, k SER
miR-NC 2.771 1.383 1.647 0.666 0.361 —
miR-551b-3p 1.247 0.721 1.783 0.330 0.802 2.222
A si-NC si-USP9X
10* 10*
10’ F 10° F
E10°F = 10° F
10' 10'
10° Ll 4”‘- ! taud " 10° .;.‘.l' Yidt PR L
o’ 10 10° 10° 10* o’ 10 10° 10° 10*
Annexin V-FITC Annexin V-FITC
B C
A 1
RN
X &
=}
Uspox WS s— g 0.1F
Bla W - E s j|
& 0.01F
C— - - si-NC
Bax - 5i-USP9X
0.001 . > . +
GAPDH - - 0 2 4 6 8

s $ ) USPOXFRIA X A8 A 54940 B fE T Fn A S SRR 1 ) B2
Figure S Effect of inhibition of USP9X expression on apoptosis and radiosensitivity of lung cancer A549 cells

(AT (B)USPOXFIT- A E B3k (C)miR-551b-3pid ¢ 1k Xt i i A 549 20 o e S GURAE 1 5% 1

*P<0.05,

Radiation dose (Gy)

(A) Apoptotic flow pattern; (B) USP9X and apoptosis-related protein expression; (C) Effect of miR-551b-3p overexpression on

radiosensitivity of lung cancer A549 cells. *P<0.05.



MiR-551b-3p L[] USPOX X AMilisiE AS49 ANMIIHT-FIECS BUSMER 2 95000, 46

7 MHEIUSPIX TR 1% X Al i AS49 40 B = B R M (n=9)

Table 7 Effect of inhibition of USP9X expression on apoptosis of lung cancer A549 cells (n=9)

Gl USPOXZK FT-%/% Bcl-2FEH BaxZk [

si-NC 0.63 £ 0.06 7.25 £0.73 0.64 + 0.06 0.31+£0.03
si-USP9X 0.25 +0.03 18.55 + 1.84 0.29 + 0.03 0.73 £ 0.07

t 16.994 17.125 15.652 16.544

P <0.001 <0.001 <0.001 <0.001

R BEZHERBSH

Table 8 Parameters of single-hit, multi-target model

ref D,/Gy D,/Gy N SF, k SER
si-NC 2.691 1.372 1.66S5 0.659 0.372 —
si-USP9X 1.565 0.604 1.471 0.382 0.639 1.719

2.6 USPIX it RiXFH T miR-551b-3p T FKILXF
fifi i A549 40 AU T F A S B BRI 1E A
5miR-551b-3p+pcDNAZL A L, miR-551b-
3p+pcDNA-USPIXA USPIX K ik /K F i & Ft
e, 2R UE T AR W AR, Bel-2 IR B
Tk, BaxRiK/KF B FHEM(P<0.001; %9,
Kl6A, 6B). 40y FEIE MK, it s

ZWBERY AT (EK10), TEAS494H i
miR-551b-3p+pcDNA-USPIXZ YSERH0.586
0 R AT LA R (e C) s A i) — 5 it R
$F, miR-551b-3p+pcDNA-USPOX I 5} 20 41 g
(477 3% 43 B0 W] 5 T'miR-5S1b-3p+pcDNA R 5
4, M r AL B a2 b A a5
it 1) SR 2k RS 0 A0 A O Hod Y R AR

F9 USPOXIT FIAF%E T miR-551b-3pit FTik 3 Al fEEAS49 40 AU T-HI1E A (n=9)

Table 9 USP9X overexpression reverses the effect of miR-551b-3p overexpression on apoptosis of lung cancer A549 cells (n=9)

Wil USPOX K [ AT %/% Bdl-2E Bax#K [
miR-NC 0.61 + 0.06 7.54 0.71 0.66 + 0.06 0.32+0.03
miR-551b-3p 0.23 + 0.03* 22.65 £2.27* 0.27 + 0.03* 0.77 % 0.07*
miR-551b-3p+pcDNA 0.22 +0.03 23.47 +2.33 0.25+0.03 0.78 £ 0.06
miR-551b-3p+pcDNA-USPIX 0.51+0.05° 12.48 + 1.36° 0.56 + 0.05° 0.43 +0.04
F 59.379 56.539 64.658 60.400

P <0.001 <0.001 <0.001 <0.001

HmiR-NCH 4, *P<0.05; LjmiR-551b-3p+pcDNAZ H#E, “P<0.05.
Compared with miR-NC group, *P<0.05; compared with miR-551b-3p+pcDNA group, “P<0.05.
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Figure 6 Overexpression of USP9X reverses the effect of miR-551b-3p overexpression on apoptosis and radiosensitivity of lung
cancer A549 cells

(AR TR (B)USPOXFIJAT A 13K (C)miR-551b-3pidt 634X i AS49 2 it i S SRS ME Y 40 . 5 miR-
NCZ 3L, *P<0.0S; S5miR-551b-3p+pcDNAZ HLHL, “P<0.05.

(A) Apoptotic flow pattern; (B) USP9X and apoptosis-related protein expression; (C) Effect of miR-551b-3p overexpression on
radiosensitivity of lung cancer A549 cells. Compared with miR-NC group, * P<0.05; compared with miR-551b-3p+pcDNA group, * P<0.05.

F10 B ZIEBSH

Table 10 Parameters of single-hit, multi-target model

Gaail D,/Gy D, /Gy N SE, k SER
miR-NC 2.788 1.509 1.718 0.683 0.359 —
miR-551b-3p 1.300 0.750 1.780 0.350 0.769 2.144
miR-551b-3p+pcDNA 1.195 0.692 1.785 0.310 0.837 —

miR-551b-3p+pcDNA-USP9X 2.010 1.386 1.972 0.604 0.490 0.586
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