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[ Abstract] Objective: To investigate the molecular mechanism of miRNA-409-3p/Beclin-1 signal axis in chemoresistant

small cell lung cancer. Methods: qRT-PCR was used to
[WFEE] 2020-05-21 [fEEBH] 2020-07-13 analyze gene expressions; western blot was used to detect

[E€WmB] " HiRgE/REBEXBARRIEELSTH (4 protein expressions; mimic NC, miRNA-409-3p mimic, plas-
*5:2019D01C100) mid pcDNA3. 1 and plasmid pcDNA3. 1-Beclin-1 were trans-
[@iffEE]  “MI7T, E-mail; liujiang@ csco. org. cn fected into etoposide combined with cisplatin ( VP16-DDP) -
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resistant small cell lung cancer cell line (SBC-5/EP) ; luciferase activity assay was used to detect the targeting relationship
between genes; GFP-LC3 dot formation was used to detect cell autophagy; clone formation experiment and flow cytometry
were used to detect cell proliferation and apoptosis; MTT was used to detect the sensitivity of VP16-DDP. Results: In VP16-
DDP-resistant small cell lung cancer tissues and cell line (SBC-5/EP) , the expression level of miRNA-409-3p was down-
regulated, while that of Beclin-1 was up-regulated. Luciferase activity assay showed that miRNA-409-3p targeted Beclin-1.
miRNA-409-3p mimic inhibited autophagy and proliferation, promoted apoptosis, improved the sensitivity of VP16-DDP and
inhibited the expression of PI3KC3 and VpslS proteins in the SBC-5/EP cell. miRNA-409-3p mimic inhibits cell autophagy
and proliferation, promotes cell apoptosis, increases the sensitivity to VP16-DDP and inhibits the expressions of PI3KC3 and
VpslS; and the foregoing could be reversed by pcDNA3. 1-Beclin-1. Conclusion: miRNA-409-3p negatively regulates Bec-
lin-1 to inhibit the autophagy and proliferation of VP16-DDP-resistant small cell lung cancer cells, promotes apoptosis, and
improves the sensitivity of VP16-DDP-resistant small cell lung cancer cells, which may involve PI3KC3/Vpsl5 signaling

pathway.
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ARSI 17 % , FOGERE R & R R R P,
B S AR RART 10% . B, A7 AR IE 2
SCLC A7 Y H % T- B, MAKFEIA H (VP16) FGEH
(DDP) {255k 5 ( VP16-DDP) W 2 i A< 1o FH i)™
Ay 7 . I R BFSE B R, SCLC (& TE3R YT
SO R] iR 243 BE TR, FLIN 24 R0 8 LI 02 e 38, 5 AR R
FERARTF 5% o AU, #85E SCLC %f VP16-DDP
M2 HLH] , 42 VP16-DDP TGS FRCR , 2 I K ik 15
f R )R, AT AERT ST K, miRNA 5 [ £k
JTI 2 DIARDG . i, ORI % B miRNA-409-
3p AT HNE S X DDP ALS7 AYRUEE ; Cheng 251
&I miRNA-409-3p i o BHLIT Fip200 4519 B 1,
SR 5P 519 20 B XT DDP Ak 7 SR . X e AR
$&7R , miRNA-409-3p 5 e 5 W X A7 T 245 %5 YA
3. {H miRNA-409-3p £ SCLC 41 jit] [ Wit K Tt 245 H1
PR ¥ R AR AE . Tan 25 BF 5% & B, miR-
NA-409-3p il 358 7] Beclin-1 52 Me) 45 iz Je8 40 L 1 B
Wi A RIS B VD 40 ) 25 P U o Beclin-1 20
FLENIRA 1Y B WRAHSCHE 1, 046 N I BH3 4544
35, H s 3 1 2 e 45 A4 158 ( coiled-coil domain, CCD)
TR 57 25 #4158, ( evolutionarily conserved domain,
ECD) . HAr CCD 37 55 Beclin-1 77 5 W AH & I
PRI e (93005 43 - A ELVE AT, T ECD A CCD S8 0] 5
Beclin-1 T ¥i#id % PI3KC3/Vpsl5 AHHAER, LA
Peibge i) [ W K & R 2 R, BFSE R, Beclin-1
TEIH 25 SCLC 4l 3k W w ™, B DDP 3RY7
J& Beclin-1 &3k b, S BUMR 40 B Wi I PR 0
PEMTAR S T IR 40 M A T 251 ) . X 3 BA Beclin-1
Y5 SCLC i A s 25 25 VI AH OG . AL, A BF 9 5k

miRNA-409-3p; Beclin-1; Autophagy; VP16-DDP resistance; PI3KC3/Vpsl5 signaling pathway; Small

5% miRNA409-3p 5 Beclin-1 7 VP16-DDP ffif 24
SCLC ZHR AP A2 35 , [ B miRNA-409-3p 5 Beclin-
1 (88 1] 56 &R Ko SCLC Ay T 25 AL 1, LA BT A o il
SCLC T 24 $2 (IS5 225 A

1 HRSHE

1.1 BALAFER MEKREEZRFT

15 {55} 245 b L URE AR 15 4] 245 40 S P e
FRAGUEA Bk B BB T 2017 4E 5 J 222019 4E5
A SCLC kil . BT &L 4 ~8 y7f: EP
J7 %4k 7 R 3 (VP16:100 mg/m” ,DDP:60 mg/m”) ,
SCLC B 4 RECIST 1. 1 SR 750K 5 A v
WG T BB : 58 42 22 M ( complete response, CR) |
FB4y 5% fi#t ( partial response, PR) | & %2 ('stable dis-
ease,SD) FNUE % ( progressive disease,PD) . fby7 45
W6 NG, FlEST R, VP16-DDP {77 2k
BEBITE R IG 6 A K IR & % (CR +
PR +SD) ; VP16-DDP {7 i 24 8.4 A i 7E 1k 7
bR B, BT A RS 6 ATt B A
Ko I BEERRTE 45 ~65 %, Horh 5314 23 441, 2
PET B, ARJEHRENSWT Sy SCLC, RFTARAT ST B
By, BT e B e 2B s W 2 1. A5l
Ui 7 = A N S (o < e Sl R 11 AR 1 A=
KY2019051518 ) . #H 21 k& 4 35 - 77 T-80C, A
SCLC 4iififs & SBC-5 g A v E Rl B b ik 40 il A= 4)
PO, DMEM 8537 4 i 25 0075 | B | SE it
i PCR ( quantitative real-time PCR, qRT-PCR ) iz 5|
G A PR IR B (R D) AR o Trizol i
F B I AR TR IR A F] . GFP-LC3 1895
BEDTRL I B b 2% A W B 25 B A BR A
mimic NC F{l miRNA-409-3p mimic A] Genepharma /%



MR BT 5677 2020 4E 9 H 55 33 %55 9 ] J Cancer Control Treat, September 2020, Vol. 33, No. 9 .73 -

Al G . peDNA3. 1 BRIl B 2= S IR A FRA
], Lipofectamine™2000 It [ 2% [E Invitrogen /3 ],
CCKS8 #7712 W 7 b ¥ ol X A R A R A
A, BCA #HE SR & A | E &2 YR
AR T o WU Bl A I 10 S AL 5P A
W3 AR A RN F] . Beclin-1 $iT{4  LC31,LC31I, P26,
PI3KC3 F1 VpsIS HTiA M B Abcam 23], —Hi (41
) W H £ [E CST 4], 3-MA (PI3KC3 | 51 ) 1)
F 5[ Sigma 2 H]
1.2 HRER ERERSH

SBC-5 41t FH & 47 15% Jifi 4 I35 i) DMEM 35
FRHAE 37 °C 5% CO, R T TR D H R,
A SCLC VP16-DDP [ 245 2l i b Ay A< PR 8 20 2k i
AT i 24 W Tk B 1) Oy Ak s AR AR B A0 i VP16
(WIERVE I :0. 05 pg/mL) 5 DDP (9] 5k I
Ji:0.01 g/ mL) AERFVEIMREE | 125 31577 SBC-5
4l 13 4~ H , VP16-DDP ffif 25 ity SBC-5 4 Jifd n] £ &
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Table 1. Primer Sequences in qRT-PCR
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10 pl, #4455 FARHE 274434 miRNA-409-3p
1 Beclin-1 mRNA FYAHXT R H .

Target Primer sequence Length of product (bp)
miRNA-409-3p Forward ;5 -TGGTACTCGGGGAGAGGTTA-3’ 93
Reverse:5’ -TGATAGGCAAAAGGGGTTCA-3’
Beclin-1 Forward ;5" -ATGGAAGGGTCTAAGACGTCCA-3’ 365
Reverse:5’ -TGATTTGTTAAAATTGTGAGGACA-3’
B-actin Forward 5’ -CCGTTGCCCTGAGGCTCTTT-3” 246

Reverse ;5 -GATCTGTCTGTCTTCTGTCTC-3’
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Figure 1. Expression of miRNA-409-3p and Beclin-1 in
Drug-Resistant Small Cell Lung Cancer and Drug-Resist-
ant SBC-5/EP Cell Line

A. Expression of miRNA-409-3p in drug-resistant small cell
lung cancer and drug-sensitive small cell lung cancer ( compared
with drug-sensitive small cell lung cancer, **P <0.01); B.
Expression of Beclin-1 in drug-resistant small cell lung cancer
and drug-sensitive small cell lung cancer ( compared with drug-
sensitive small cell lung cancer, " P <0.01); C. Expression
of miRNA-409-3p in drug-resistant SBC-5/EP cell line and
drug-sensitive SBC-5/EP cell line ( compared with the SBC-5
cell, “P<0.05); D. Expression of Beclin-1 in drug-resistant
SBC-5/EP cell line and drug-sensitive SBC-5/EP cell line
( compared with SBC-5 cell, “P <0.05) ; E. The level of Bec-
lin-1 protein in drug-resistant SBC-5/EP cell line and drug-sen-
sitive SBC-5/EP cell line ( compared with the SBC-5 cell, ® P <
0.05).
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Figure 2. Enhanced Autophagy in VP16-DDP-Resistant SBC-5 Cells

A. Western blot was used to detect the effect of VP16-DDP on autophagy-related protein LC3I, LC3II and P62 ( compared with the
SBC-5 cell, """ P <0.01); B. MTT assay was used to detect the effect of VP16-DDP on cell viability ( compared with the SBC-5 cell,
2P <0.05); C. GFP-LC3 dot formation was used to detect the effect of VP16-DDP on punctate GFP + cells; D. Colony formation as-
say was used to detect the effect of VP16-DDP on cell proliferation ( compared with the SBC-5 cell, “ P <0.05).
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Figure 3. Inhibition of Beclin-1 via Targeted miRNA-409-3p

Panel A and B show miRNA-409-3p mimic and miRNA-409-3p NC transfected SBC-5/EP cell, respectively. Total RNA and cell lysat-
es were extracted at 24 hours after transfection and were used to detect the expression of Beclin-1 at both mRNA and protein levels by
""P < 0.05). Panel C shows the binding site between miRNA-409-3p and
Beclin-1 predicted by TargetScan. In panel D, luciferase activity assay demonstrated that miRNA-409-3p targeted Beclin-1"s 3° UTR-
WT (compared with the wild-type SBC-5/EP cell in the mimic NC group, “"P < 0.01).

qRT-PCR and western blot ( compared with mimic NC,



- 734 -

BB T 7 59677 2020 42 9 H 55 33 455 9 ] ] Cancer Control Treat, September 2020, Vol. 33 ,No. 9

2.4 miRNA-409-3p #l1#l B & if 5 SBC-5/EP 4
Faxt VP16-DDP #ifi 2514

Western blot ZZI645 W i3 7R | 5 mimic NC #f [t
miRNA-409-3p mimic 2 1Y) LC31L/LC31 {4 L AR FEA,
P62 [ FEIAFFE (P <0.01), WK 4A, GFP-LC3
SO A ALK B R, 5 mimic NC A [,
miRNA-409-3p mimic 41 ) SBC-5/EP 4 Jitg i P 4% 71
YECBE R, R Y] H WRFEAR, WK 4B, b BEIE i S g
ZER PR, 5 mimic NC #H b, miRNA-409-3p mimic

LC31 s s -
LC3ll == s—
(17 S ——
B-actin ———

o
@c'é
&

>
&
&

&~
< ¢

&

Control

Relative protein expression

e
°
1

i SBC-5/EP 4l (3458 (P <0.05) , WLIK 4C; 3
XA IR R IR, 5 mimic NC AL, miRNA-
409-3p mimic £ # SBC-5/EP 40 g T, W& 4D;
Western blot L5645 5 i 78, 5 mimic NC A [, miR-
NA-409-3p mimic /¢ # SBC-5/EP 40 g i T-4H ¢ &
H caspase-3 F caspase-9 Fik(P <0.05), WA 4E,
MTT S2525 5 B 7R, 5 mimic NC A ., miRNA-409-
3p mimic [F{K T SBC-5/EP 48 a1y 1C50 {H (P <
0.05), LI 4F,

B0 mimic NC @8 mimic

e
©

+ @B Control

I
o
1

e
>
1

=
N
h

Lc3l

mimic

Lc3i P62

mimic NC

60

g
=
S 40
% ®©
, £
s
& >
¥ £ 20
= &
2 = o
Control mimic NC mimic o
0
Control  mimic NC mimic
D
s a1 @2 Qi Q2 Q1 Q2
10°40.1659% 112% | 10°0.108% 2.00% 10° 40,0449 8.87%
103 10*4 10*
10°3 10°4 10°4
2 il i %
0 302‘3@" Q3 109 4“% 10°] 4 s
404 F jod ™ Q3 Jo&~ Q3
0 Jonax 22| Oloew  zams| O 20%

0102 10° 10° 10°

Control
f =
E S
w
Caspase-3 T e — 3
a @
caspase-9 - — 2 o
. [0}
B-actin  e— — — c 03
5 (] <o [
°¢~‘° <& 6;\6‘\ S 02
(9 6“\@ oy
[0}
e
=
S o0
& caspase-3

& 4

0 102 10° 10* 10°

0588 Control W mimic NC #8 mimic

0 10* 10° 10* 10°
mimic NC mimic

807 @A Control M8 mimic NC B8 mimic

IC50(pg/ml)

caspase-9

miRNA-409-3 it SBC-5/EP 4y B xS VP16-DDP it 2414 &9 5 I



MR BT 5677 2020 4E 9 H 55 33 %55 9 ] J Cancer Control Treat, September 2020, Vol. 33, No. 9

- 735 -

Figure 4. Effect of miRNA-409-3p on Drug Resistance of VP16
A. Effect of miRNA-409-3p on autophagy-related proteins ( LC31I and

-DDP by Inhibiting Autophagy of SBC-5/EP Cells
P62) detected by Western blot ( compared with mimic NC, ** P

<0.01); B. Effect of miRNA-409-3p on punctate GFP + cells detected by GFP-LC3 dot formation; C. Effect of miRNA-409-3p on
cell proliferation detected by colony formation assay ( compared with mimic NC, “P < 0.05); D. Effect of miRNA-409-3p on apopto-

sis detected by flow cytometry; E. Expressions of apoptotic proteins ( caspase-3 and caspase-9) analyzed by Western blot ( compared with

mimic NC, ®P <0.05) ; F. Effect of miRNA-409-3p on cell viability
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Figure 5. Effect of miRNA-409-3p/Beclin-1 on Autophagy and VP16-DDP Resistance of SBC-5/EP Cells
A. Effect of miRNA-409-3p/Beclin-1 on autophagy-related protein LC3I, LC3II and P62 detected by Western blot ( compared with
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mimic pc, ** P <0.01); B. Fluorescence of GFP-L.C3 fusion protein from control, mimic, mimic pc and mimic pe-beclin-1 groups;
C. Effect of miRNA-409-3p/Beclin-1 on cell proliferation detected by colony formation assay ( compared with mimic pe, *P <0.05) ;
D. Effect of miRNA-409-3p/Beclin-1 on apoptosis detected by GFP-LC3 dot formation ( compared with mimic pc) ; E. Expressions of
apoplotic proteins ( caspase-3 and caspase-9) analyzed by Western blot ( compared with mimic pc, © P <0.05) ; E. Effect of miRNA-

409-3p/Beclin-1 on cell viability detected by MTT assay ( compared with mimic pc, “P <0.05).
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Figure 6. PIBKC3/Vpsl5 Signaling Pathway Regulated by miRNA-409-3p/Beclin-1
Western blot results showed that Beclin-1 reversed the effect of miRNA-409-3p on PI3KC3/Vpsl5 signaling pathway ( compared with

mimic NC, *P <0.05; compared with mimic pc, “P <0.05, compared with mimic pc-Beclin-1, © P <0.05).
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