- 520 - 24244k Acta Pharmaceutica Sinica 2021, 56(2): 520 -527

F8RE = 18 miR-29a-3p #NHIIE /)N 4R Al s H1299 ZHARIEsE X S51RE

I, A AR KRB KERL AT,
WA, BEARTE RELY

(1. PR R R 2B, 70T, IhPE KF 037009; 2. - MIERIKZEZ R, | AE 0 TS
Il PR 24 B 2% B U SE 36 =8, 4R )M 511436)

I A 7E 3 BERITASAH S (bruceantin, BCT) Xt /N f i (non-small cell lung cancer, NSCLC) 4l jfd 1) 3%
A AR 28 53R B A I R LR . SR MTT VR BCT % NSCLC 41 [ # i 4 e 25 15 1 5 SR 4276 7% 1%« &1
JRAN Transwell 525645 736 I 48 i 1) 19 4 3L 4% 55 12 28 58 7 ; Western blot Sz RT-qPCR 5248 45 7 e Il L5 240 i 184 4 32 7%
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Bruceantin inhibits proliferation, migration and invasion of non-
small cell lung cancer H1299 cells by up-regulating miR-29a-3p
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Abstract: We investigated the inhibitory effect and mechanism of action of bruceantin (BCT) on the prolifera-
tion, invasion and migration of non-small cell lung cancer (NSCLC) cells. The cytotoxic activity of BCT was
measured by MTT assay; a colony forming assay, wound healing assay, and a Transwell assay were used to

Wk H $H: 2020-10-15; &[5 H 3 2020-11-30.

F&UH: HK A RFH AL TR (81773888, 81902152); th i 44 i 55 = K BHE GH T H (2019L0753); 2020 4:) 444 BHL QT ikmg % 1% 4 (“28
BRI R T 4) HH (pdjh202000483).

*JE I E# Tel: 86-20-37103631, E-mail: jianyez@163.com

DOI: 10.16438/j.0513-4870.2020-1620



S A A9IE 5 B miR-29a-3p # i 3E /N4l it i H1299 4 M 44 5 1L 7% 5 1R 4% - 521 -

investigate the anti-proliferative, anti-migration, and anti-invasion effects, respectively; immunoblotting and RT-
gPCR were used to detect the expression of related proteins, miRNA, and mRNA, respectively, that were involved
in cell proliferation, migration, and invasion. Two gene prediction websites were used to predict the downstream
target gene of miRNA. Our results show that BCT has a potent cytotoxic effect on NSCLC cell lines, with a half
maximal inhibitory concentration (IC,) of BCT against H1299, PC-9, and A549 of 0.12 + 0.02, 0.31 + 0.20, and
2.07 £ 0.70 umol-L?, respectively. When H1299 cells were treated with 0.03, 0.15, and 0.75 pmol-L* BCT for
24 h, the proliferation, migration, and invasive ability were inhibited in a concentration-dependent manner. It is
worth noting that the expression level of miRNAs related to cell migration and invasion, such as miR-29a-3p, miR-
21-3p, miR-183-5p, and miR-34b-5p increased with the concentration of BCT, especially for miR-29a-3p. Using
the two gene prediction websites, we predict that integrin f1 (ITGB1) may be the target gene of miR-29a-3p;
immunoblot results further show that a variety of proteins related to cell proliferation, migration, and invasion,
such as various proteins of the integrin family, -catenin, p-Src, and vascular endothelial growth factor, all decreased
in a concentration-dependent manner, among which the reduction of ITGB1 protein was the most obvious. RT-
gPCR results showed that there was no change in ITGB1 mRNA expression. We speculate that BCT might inhibit
the expression of ITGB1 protein by up-regulating miR-29a-3p independent of its mMRNA level. The in-depth
mechanism needs to be further explored. This study suggests that BCT has the potential for further development in

the treatment of NSCLC.
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Figure 1 Chemical structure of bruceantin (BCT)
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HAEKAY TR R A F]); 40 g — H 3 K (DMSO,
MP Biomedicals 24 @]); F-12K 15 77 3 \RPMI-1640 55 3¢
B JHE B (0.25% JE i +0.02% EDTA). i IR £h 22 v
(phosphate buffer saline, PBS). XU $it (75 %k 5 %) &
(E M E A EARA R ), J6 41 (FBS, £
Gibco A 7); GAPDH (MB001). HRP- i, — i . HRP-
—. Pt (Bioworld Technology A #]); ITGB1 (ab52971).
A K a2 (ITGA2, ab133557). Ifl & W i 4= K A 7
(vascular endothelial growth factor, VEGF, ab32152)
(Abcam A &)); #-42% av (ITGAV, 4711S).a6 (ITGAVS,
3750S). f3 (ITGB3, 4702S). 4 (ITGB4, 14803S). /38
(ITGBS8, 88300). s -catenin (8480). p-Src (12432) (Cell
Signaling Technology 2 #); ECL 55 &t & (LR
e Bl PR 2 A1); TRIzol (3£ [H Life Technologies 24
&]); PrimeScript™ RT Master Mix. Mir-XTM miRNA
First-Strand Synthesis.SYBR® Premix Ex Taq™ Il (Tli
RNaseH Plus). SYBR® Premix Ex Tag™ (Tli RNaseH
Plus) (H 7 Takara A ).

FEMIF/ CO, 41 fiig B 7% 46 ; NanoDrop 1000
Spectrophotometer (3% [E Thermo Scientific 2 &]); & 14
TAEE (SW-CJ-2FD, 75 M 2R AFIRAA); &
HARH B Ol (9 ERR ARG PR A |]); 65 Bl
‘% (CKX53, Olympus Life Science A &]); Eitri% (Bio Tek
Aw]); 3 AP BN R G R R X (ChemiDoc
XRS+) (Bio-Rad Laboratories 2 7 ); Agilent StrataGene
Mx3000P QPCR (Agilent Technologies A 7).

RIS SAMMECH] A Ak H1299 5
PC-93% 3 T 10% FBS.1% 5 555 KA RPMI-
1640 15 97 3L v, AB49 41 fitd £ 7% T 10% FBS.1% %5 -4
BHRIFWM F-12K K5 72 5 . 4 i385 7% T 5% CO,.
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40 mg-mL M 8K, 25 2450 P35 TR MR RS [R] (R 2
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H1299.A549 [ PC-9 4f i B 7= L _L 3 Ak )5, 7 S e
UL K 3FR AN LL 4 000 A4N/FL I FE FAR T 96 FLAR
oo NG EE S R R I BERRE A R JE N 96 fL
PP 68 ho K 96 FLAR A B IR A I, BELIMA
5mg-mL* MTT K 20 pL, BARG FRA6 1 H 4 h 53X
o FRMBGIR H AL h B R 975 5 MTT VR, HAE
LA I\ DMSO ¥ 100 pLo. #2FK 10 min fZ %R 51
Jei N Bl AR A, 5407655 nm XU K I 58 45 4 IR '
(AMH) FF T M A7 3G 2 . 04735 K (cell viability
rate) = (AfBun — Affars) | (Mg — M) X 100%.
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T 9 H1299 4 Jf Vi A6 ), PA 1 000 AN/HL Y # B #% A

T 124Uk, B R4 LA, 1R R TS, frfg Al
WS 754 30~40 A H I, I0 A [5)9 BE 1R RS JIH =2 245
W AWM R FREME, XA MA S
Wik G 2 AR RE R 2k . BE9R 24 h )5, 78 AR
XA, KT 50 NI LA EVE . e
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& % 5E 5, 77 B, N 0.1% &5 s i g 1 h,
et SERE, TS KRt P 4 5 K, B, FA 1R
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Sy i 3% Lk, T RIRM BRI e, M
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R 20 M W BE S5, FH 200 pl Sk T BT RS B 4% i )
IR, SR 5 H PBS 2 2% ks By 4 e 25 o T iy
FR) 25 A A R R B 24 Y0 0 35 77 B8 i N FLAR 1 7 40 i,
FFT0.12.24 h =SB [a] s BOREFA G, 0B )R R 2 I
WWHIEBER. TEREARX WIRITHEE (%) =1- X
— I E] R AR /0 h RREAN) x 100%.
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AN B DL 10 AL B B FE R R A L, IR I A R
FEFGIE S 2530, IS TR AR h 15 9% . 24 h )5, 5% b
EREFRAL, BN Z IR WAL W [ 5E 30 min, {51 45
LU 1 he AR 4R oM 2 B A 2H /N 3 5% B I
JR G, FH PBS B &6 df S 5 et ok 25, W ise T4
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FEEETE AT IS RNAKEE . L mRNA B miRNA K
FEH, {4 H PrimeScript™ RT Master Mix B Mir-XTM
miRNA First-Strand Synthesis i 77| & & B cDNA, # 1%
ZHRAAE AT G cDNAJE, &Yl - 1)2P
%, f# § SYBR® Premix Ex Tag™ Il (Tli RNaseH Plus)
o SYBR® Premix Ex Taq™ (Tli RNaseH Plus) i 7 &
55 mRNA F1 miRNA [ 5] #)#E % RT-qPCR (] 2 )3
& %, 7£ Agilent StrataGene Mx3000P QPCR 1X #% I #%
MU R E R s AT N . 3817 58 B T 3 L
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Table 1 The primer sequences employed in RT-gPCR

Primer name

Primer sequence (5'--3")

Company

GAPDH forward

GAPDH reverse

Integrin 1 forward

Integrin S1 reverse

U6 forward (5'--3")

U6 reverse (5'--3")
miR-29a-3p forward (5'--3")
miR-29a-3p reverse (5'--3")
miR-21-3p forward (5'--3")
miR-21-3p reverse (5'--3")
miR-183-5p forward (5'--3")
miR-183-5p reverse (5'--3")
miR-34b-5p forward (5'--3")
miR-34b-5p reverse (5'--3")

GGAAGGTGAAGGTCGGAGTCA
GTCATTGATGGCAACAATATCCACT

Invitrogen, Inc.
Invitrogen, Inc.

GACGCCGCGCGGAAAAGATG TaKaRa, Inc.
GCACCACCCACAATTTGGCCC TaKaRa, Inc.
CGCAAGGATGACACG TaKaRa, Inc.
GAGCAGGCTGGAGAA TaKaRa, Inc.
UAACCGAUUUCAAAUGGUGCUA TaKaRa, Inc.
CAGTGCGTGTCGTGGAGT TaKaRa, Inc.
CAACAGCAGUCGAUGGGCUGUC TaKaRa, Inc.
CAGTGCGTGTCGTGGAGT TaKaRa, Inc.
GGTTTCATCCAGGATCGAGCAGG TaKaRa, Inc.
CAGTGCGTGTCGTGGAGT TaKaRa, Inc.
CGAGGCAGTGTAATTAGCTGATTGT TaKaRa, Inc.
CAGTGCGTGTCGTGGAGT TaKaRa, Inc.

miRNA B ¥R E E 7 12 H TargetScan (http:/
www.targetscan. org/vert_71/) F1miRDB (http://mirdb.org/)
TIUI miR-29a-3p F 4 PR, H 75 4 190 sy b o0 ) 8
FRRZIFS G

Western blot SE36 4 & B RIAK T # H1299
S i A B TR LA T AL 5 B 0, 3 2R IR A, e 2 i
PBS it 3 X LAMEK ik B B 72 FRIE U 1% . ARIE AN
Hea IR, FEVK b A 40 78 70 24, RIUE SR .
M2 E AR E I, LLAESL 20 png 202K A 7 SDS-PAGE %t
JRer HEAT FRLUK G B, FRLUK 5T B HEAT D BRI oK
75200 mA, 1~3 h, H &8 5 (i M 4 22 1 2 1 &
HIAN RV BT A2 4 . 4 5 I 5 (19 PVDF [ & T H TBST
JC 1 1) 5% B A5 A= W rh 35 P41 1 e AR 150 I 5 4R ik
FERC I — PO, K3 P 5E BN — U, 4 °C
FM TR E . 9 E ¢ )5 TBST VAWML, REIK
90 r-min, 5 minx3 X . {EHEIR DL 60 r-mint [ % 35
H il he BEBE, (8L R OGIETE BRI AR AX
gL, ¥ GAPDH AN Z . L ITGBL.ITGA2,
ITGA6. ITGAV. ITGB3.ITGB4. ITGB8. g -catenin .
p-Src F1VEGF —#Hiill & Fid & A B RIEH M.

B\ BB LLXx £ sEoR, A SPSS 25.0
SIFTSER A IR G 2 R, P < 0.05 KW ERA G
2% Y. ffi ] GraphPad Prism 8.0 /E 4t it [&] . 4 i S
Wa/bHEE 3N,

R
1 BCT X} A BfifE 48 A fk H1299, PC-9 #1 A549 A it &
pal:opA)

W1 2A Fi 7, BCT % H1299.PC-9 A1 A549 4 fify 1%
VA AT BT I B0 M . MTT &5 5 & 0], BCT X
H1299.PC-9 F1 A549 4t fitd i) - Eic 4 i1 e S (1Cs) 73l
74 0.12 £ 0.02,0.31 + 0.20 £1 2.07 + 0.70 umol-L*. #H

b2, BCT XF H1299 41 fi i 1Cs, BEAK, (R, J5 423k
& H1299 20 i idE 47 S I B 7
2 BCT Xt H1299 4HA6 £ 7% 2 Ak Bk 1 HI 52

4 1 B V& T B S B 5 SRt 18] 2B o, B BCT
Y5 259 B F9 48 0 (0.0.03.0.15 F10.75 pmol-Lt), H1299
S 1) £ V& T B I IS LR T R /NI N,
Giit s R 2C fion . LA R4 R K], BCT AEUg IR E
A0 5 1k b 0 1 H1299 41 it ) B2 T4 T il A

A 100 - HI299
A549
2 80 T - PC9
P [
E I
I'g 60
g w-
£
=
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g(bruccatin/pmol-L')

0.03 pmol-L*
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Mumber of colonies

Control  0.03 0.15 0.75
Bruceantin/umol-L*

Figure 2 BCT inhibited colony formation of H1299 cells in a
concentration-dependent manner. A: After H1299, PC-9 and A549
cells were treated with BCT for 72 h, the relative survival rate
curves were observed; B: H1299 was treated in different concentra-
tions of BCT and the colonies numbers could be observed; C:
Quantitative results of (B). n> 3, x +s. P < 0.05, P < 0.01
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3 BCTXfH1299 4Hf F HiT# e /1. EEITHEES
AR AR ZE8E FIHI S0

Y 1) S 56 445 L 4 P AR B FfTo, Bt A I 1A] £
H8 01, 4 BT R TR I 0, IR R k0N B
5 BCT 45 254k (48 in, H1299 41 g (3 %% fE 132 i
5, 22 B BCT A 0% ik B A0 R 1 b 400 1) H1299 4 Jfd (1)
FHIERRE ST .

Transwell ;iEF8 S48 45 AN 3C A . S RIESLE6
H6 D20 B TS FE 8 70 R ], Transwel | 32 5% SE56 T4
MR 2 FER AL f1. 45 KW, 24 BCT 4 FE 40
24 hJ, Bl BCT ¥ B2 138 n, H1299 20 ffg 2 ik S FLE
I %) B 3 i /b, St HdE an 1 3D P, K W BCT
B 94 1 B 1 L 00 61| H1299 41 Al 1) 25 TR ST % i

Transwell 12 28 5256 45 F & 3E Fron . BCT fgf%
HH R A H1299 40 ) 42 2%, HAMHI #2825 BCT %
4R R AR G, 2 BCT Ab3 H1299 411 il 24 h )5, [ifi
H 4R PR P 3 I, 2 o R U A 5 AL R 1) 44 i 1
K R0, Gt B W 3F fir, R W BCT 741
i1l H1299 41 i 12 28 & 7 77 T A 4 LT & 1
4 BCTHEBETAmMIR-29a-3pH LiF I TGB1EHWIFRIE

il i RT-qPCR Xt £ Fft 5 41 M3 7% 5 12 2% 8 1 4

K1) miRNA BEAT A2 ik, 45 R 18] 4A o, miR-
29a-3p. miR-21-3p. miR-183-5p 5 miR-34b-5p [ % ik
JK-F-BEE BCT 45 24 W FE (1 38 n g 34 m . Hooh BCT
W% miR-29a-3p 1E H & N B 2 . Ak, & 2 miR-29a-
pEN T EH AN B, BT 5 81 5250 .

P TargetScan (http://www. targetscan. org/vert_71/)
AT miRDB (http://mirdb.org/) W ¥k 4 T &, %} miR-29a-
3 A I PRI AT TN, P 79T A o s o0 £ 28 s A1 47
KWL EE, WK 4B, K IL T T e R i 5 R
Ze MR H UM 2B 1ITGBL (B 4C). Koshizuka Z50
IR R R AR R, RIS miR-29 SR A4
ITGB1 mRNA 7474 3'JE#H 1 [X (3" untranslated region,
3 UTR) M 8 L e e 5, 00l o B2 B A8 P AIG, HIF S
ITGB1 mRNA  fiff Si2 A1, 75 miR-29 5K Ik 1) 45 & #E 55
BRI Z Ak, He SE0M7E HAE 78 o HAIESE ITGB1 mRNA ()
i B A miR-29a (45 5 8L s BRI, W18 4 ITGB1
A8 N miR-29a-3p [ HEHE PR, FLAK R BIL )6 78 J5 22 33
— B .

< B 9% 38 1 Western blot % & Il BCT 1 [ T
H1299 4 J=, ITGBL s HARIATE I . 45 KW, bl
# BCT 4 23R FE I3 0, ITGBL (K1 F B% (& 4D).

A Control 0.03 pmol-L! 015 pmol-L"  0.75 pmol-L" B 207 m o
ity e i - = ot
g 13y B 015
= m 075
z
=
12h 24h
Bruceatin / pmol-L"!
D 1500 -
o
8
%lﬂw-
C pmol-L 0.75 pmol-L* E
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e
% g R e E
y' v i rhee .@' A P
g Y 0 003 015 075
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A
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Figure 3 BCT inhibited the plane migration, spatial migration and invasion ability of H1299 cells. A: The plane migration ability of
H1299 cells was inhibited in a dose-dependent manner; B: Quantitative results of (A); C: The spatial migration ability of H1299 cells was in-
hibited in a concentration-dependent manner; D: Quantitative results of (C); E: H1299 cells were treated in different concentrations of BCT

ok

and invasive cells were shown; F: Quantitative results of (E). n >3, x £s. "P < 0.05, “P < 0.01, P < 0.001. ns: No significance
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Figure 4 BCT increased the expression of miR-29a-3p and decreased the expression of integrin g1 (ITGB1) protein. A: Relative expres-
sion of miR-29a-3p, miR-21-3p, miR-183-5p, and miR-34b-5p in H1299 cells after treating BCT for 24 h. The expression of miR-29a-3p
was significantly increased in a dose-dependent manner; B: Venn diagram showed the overlapping predicted targeted mRNA of miR-29a-3p
in two different software; C: The potential binding sites for miR-29a-3p in the 3' untranslated regions (3' UTRs) of ITGB1; D: BCT inhibited
the expression of ITGB1 protein, GAPDH was used as a control to normalize expression levels; E: BCT did not affect the mRNA level of

ITGB1.n>3,x+s. P <0.05 ~P < 0.01, P < 0.001

te Ak, i i RT-qPCR SE46 & B, Bl 5 45 245 1< 2 R 384,
ITGB1 £ mRNA K-V E Rk % 7 g it 7 & X (B
4E), CHRIE2UE I, miIRNA % 5 mRNA 1) 3' UTR H.Ah,
M TR &2 478 (RNA-induced silencing complex,
RISC), #11 il mRNA # & i & (1 1 1k 72, (2 A4S 5%
mMRNA [ A, X th 2 miRNA £ i/ R 22—
PR 3R, BCT {F F T H1299 41 fifd J=, v fE 3 it _F i
miR-29a-3p, M ITGB1 mRNA {54 3¢ J5 i 72, M 5%
M 7 ITGBL & FIRIA.
5 BCT#I#|E & RZKIK S #E ALK p-catenin, p-
Src M VEGF #y&Rik
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Figure 5 BCT decreased expression level of integrin family members and some downstream proteins of ITGB1. A: The expression of
some integrin family members, including ITGB3, ITGB4, ITGBS8, ITGA2, ITGA6, and ITGAV were inhibited after treating BCT in a dose-
dependent manner; B: Quantitative results of (A); C: The downstream proteins of ITGB1, such as vascular endothelial growth factor

(VEGF), fS-catenin, and p-Src were decreased after treating with BCT in a dose-dependent manner; D: Quantitative results of (C). n = 3,
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