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Abstract

Objective: To investigate the effect and mechanism of Gracillin, an active component from Reineckia
carnea ethanol extract, on the invasion, migration and drug resistance of lung cancer A549 cells and
cisplatin-resistant A549/DDP cells. Methods: CCK8 assay was used to determine the half-maximal
inhibitory concentration (IC50) of Gracillin on A549 and A549/DDP cells. Transwell assay was per-
formed to evaluate cell invasion and migration abilities. The mRNA expression levels of epithelial-
mesenchymal transition (EMT)-related molecules (E-cadherin, MMP2) and drug resistance-related
molecule (MDR1) were detected by quantitative real-time PCR. Combination index (CI) was calcu-
lated to assess the synergistic effect of Gracillin and cisplatin. Results: The IC50 values of Gracillin
on A549 and A549/DDP cells were 1.799 pmol/L and 2.033 pmol/L, respectively, showing a concen-
tration-dependent inhibitory effect on cell proliferation. Transwell assay showed that Gracillin sig-
nificantly inhibited the invasion and migration abilities of both A549 and A549/DDP cells (all P <
0.05). Q-PCR results revealed that Gracillin upregulated E-cadherin expression while downregulat-
ing MMP2 and MDR1 expression (all P < 0.05). The combination of Gracillin and cisplatin exhibited
synergistic effect on A549 cells (CI < 1), and Gracillin partially reversed the cisplatin resistance of
A549/DDP cells. Conclusion: In vitro Gracillin can inhibit the invasion and migration abilities of lung
cancer A549 cells and cisplatin-resistant A549/DDP cells, and enhance the sensitivity of resistant
cells to cisplatin. The mechanism may involve the regulation of EMT-related molecules and the drug
resistance-related molecule MDR1.

Keywords

Reineckia carnea, Gracillin, Lung Cancer, Invasion, Migration, Drug Resistance

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. EREHFZE
1.1. SCEERpa 52

NItJE AS49 MR ARSI = ARA7 s AT 251k AS49/DDP HH A S6 = 3@l vk FE A FE 5 Sk it o
Gracillin (JEAEY) . FEIRF: N4 (cisplatin) (MCE). RPMI-1640 357523 (b 4 4), M MmigdE s
4 3:04), CCKS & (GlpBio), Matrigel &5 iR (5 T), Trizol ififll(FEEX €), SYBR Green %€ & PCR
RAEALE 2 E).

1.2. 4RpEIESE

AS549 M & 10%08 215 . 1% 100 U/mL 58 2% . 0.1 mg/mL #% & ] RPMI-1640 15753,
1E 5% COy 37°C W HOANIGE FE IR 55 TR A0 h b AT 55 9%, SN I35 BE A 3] 80%~85% T #EAT AL A4 7
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1.3. TZa¥kataiE

A549 U E T 1 pg/mL EAR 5E 2GRk, MR 12 h W —RARAEPRES, 42t L)
L E] 50%0T, HEIRAEIEAN e AR IR, fFRAIMOIRAS KR IE R HAae a5, HET 1 pg/mL i
se s p AR T B AE AR, 1B IR mIIER R, BRI VTAE 10 pg/mL IR FE ¥ 56 4 55 97 3k R A
SETE I AS549 IFAATH 257K (A549/DDP). 54 A549/DDP 7£ 1 pg/mL JFAA K 76 455 F- e b 445 15 5% .

1.4. CCKS 34 £m A a5 e 32

PR EAE A A549 401 J AS49/DDP 4073 il T 96 LI, BN 5 x 103 4/4L, IR
Ja A 04 0.25. 0.5+ 1. 2. 4 pmol/L TAEMKREEN Gracillin, % 5 NEFL, HETEXNEH. T 24h
JE N CCK8 ¥, 37CHEE 2 h, BEEAM LMK 450 nm (ZH K 630 nm)IRIEE A {H.
THE A AR KA 2, A AR KHIDHIZE (%) = [1 — SEERZH(A450~A630)/%f HEZH(A450~A630)] x 100%. LA
Gracillin #FEMEALRR, SN2 NPABPIER], BELEIARE, KA 1C50 fH.

1.5. Transwell SCIE 48N 4APETFE RE

O HAEKIAR) AS49 J A549/DDP 4iiffl, HHUHEA. B0, HEHMEE A S FBS [ 1640 H537
5, B 2 x 1004 /mL. 40 RN T Transwell /N=(8 um FL42)H, AL 200 pL, 2051 1.0
pmol/L. 2.0 pmol/L Gracillin Z54)¥ B FLFI— /N2 X HEFL. S EXTRRFLE R = A S 10% FBS 17 1640
Brgedt, ML e00puL. fEH 24h J5, HUH Transwell /NE, WRBR/NE N EEFR, PBS ¥E 2 /G NIA 4%%
R 750 pL [ 3€ 20 min, PBS ¥t 2 3, 0.1%45 554545 20 min, PBS ¥ 2 i /5 IR #E % EEh
KRITFEMANNL, TE0a: BB T (00 WL . 1 Image J WAFT BT ML SLIELE 3 K.
1.6. Transwell SEIG 40 M 4RPARZEGE

1R FERE SIAGIN 7 SRR B JIR I 792 A0 L, Transwell /N3 (R FE R _E 75 Pl B 4% Matrigel 351
(CREFUR: MG IR EE = 1:8), ANEAEMARIEZ K 700 B FEIIATCILTE 1640 K774 500 uL,
FE 37T CHEFERHTKA 2 he AHAEALTE 24 b J5, HUH/NEE, Se FIRIEAR SR b2 b ok 5 oo BRI R 4 i 45
2, FEE. Q. R BB T Q00 )WL, H Image J AR 22400 %, S0 HEE 3
e
1.7. BRERAZXE

BON AR HAR) AS49 2HA, HHEAL B0, R 6 < 103 AN 5 96 LA, 73 A2 (2 pg/mL).
Gracillin Z0(1 umol/L). WZELAEH . THMH, WE 5 ANEFL, AYEA 24 h 5 CCKS8 &, &
OD450 nm AL HIWROGAE, TR PIZ5H HAF FHIE% CI=AB/(A x B), L AB NPZ5E HIMNHI%, A FB
NG HIANEI R, Cl< 1 FaRmigsa hEER .
1.8. ST 5508

OSBRI A549/DDP 4Hfi, 2 6 x 10° N4l %E 96 fLBR, 7324 Gracillin 0 pmol/L 2 /¢ 1
umol/L 41, 3 A I 9 4 Hh IR %4 AS49/DDP (1] 1C50 1E .

1.9. 33 EE PCR BMERFTE

YEs2ue o2, 29WAbEE 24 h J5, Trizol VAR AIMUFE LS RNA, HLUKE E RNA 5EEME, 0D260/280
R 20 SR 5 o IS A B cDNA T8 68 & PCR, SRH AR & i (2A-AACHKI E-cadherin.
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MMP2. MDRI1 mRNA HIFRIEKF, FHIWE 1.

Table 1. Primer sequences for quantitative real-time PCR

= 1. R EE PCR 3|49F%

ERF EFZIH(5—3) RIA5I#)(5—3")
E-cadherin CGAGAGCTACACGTTCACGG GGGTGTCGAGGGAAAAATAGG
MMP2 GATACCCCTTTGACGGTAAGA CCTTCTCCCAAGGTCCATAGC
MDRI1 GCTGGCACAGAAAGGCATCT CAGAGTTCACTGGCGCTTTG
GAPDH GAAGGTCGGAGTCAACGGAT CTGGAGATGGTGATGGGATT

1.10. =5 =%

KA SPSS 19.0 HAFSH TS 40 H . HEERIIIE + bRlEE(x +£5)For, A LB S FEAS
t K606 B 22 20 0] A K 355 20 HT(ANOVA), LA P <0.05 FnZE R EA S5 E L.

2. 5
2.1. A549/DDP T 258k Thia e

T 240 )5, AS49 AU Z 235, AUMUBLE R HANTH M. AS49/DDP 4HHi R A i A7 1
Ko NEIXT A549 20 1C50 2 3.54 ng/mL, Xf A549/DDP 4Hifif) IC50 Jy 19.85 pg/mL, HA REFMEZE
(P <0.05), THZEECH 5.61 (K 1).

1004

-o- A549
-2 A549/DDP
3
3
'I‘:;l' 50_ ...............................................
B
5
0 T T 1
-1 0 1 2
JiEELog ( pg/mL)
©
(A) A549 4HfUTEAS(100x ); (B) A549/DDP 4HffIJE2A5(100%); (C) MifHXT A549. A549/DDP 4f
fiid 24 b 20 2R

Figure 1. Anti-proliferative effect of cisplatin on A549 and A549/DDP cells
B 1. JR$AXT AS49. A549/DDP Ky iE5E1ER
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2.2. Gracillin ¥ A549 52 A549/DDP ¢Apai&E5Ep#NFI{ER

CCKS8 il 45 R 7R, Gracillin X} A549 F1 A549/DDP ZHfLff 1C50 435124 1.799 umol/L A1 2.033
pmol/L, 95%FE 1% [X [8] 4354 1.601~2.021 pmol/L H1 1.785~2.317 pmol/L. Gracillin X % it 41 Jf1 47 48 5
VEF S5 R RO, H#E 2 R JE R E 25 (P > 0.05) (K 2).

-o- A549

100
] -& A549/DDP

2
o
O .
.|,:,§|. 50__ ...............................................
.JE ]

0 T T T I

-1.0 -0.5 0.0 0.5 1.0

EHEZERRIMIRELog ( pmol/L)

Figure 2. Anti-proliferative effect of Gracillin on A549 and A549/DDP
cells at 24 hours

[& 2. Gracillin 3t A549. A549/DDP ZRAfl 24h B9HTIE5E{EFR

2.3. Gracillin ¥ A549 5 A549/DDP 4HpRiTFREE HRYINHHER

Transwell JT# L4645 R EoR, SARRWE Gracillin 73 AL A549, A549/DDP 40fl 24 h J5, 5%
FIEHAELL, 2990 T v 2p i B JEC A R R A P LL 49 2 2 sl /b, BRI AR, ZRA it F R (P <
0.05, P <0.01, P <0.001), FH] Gracillin 7] #)iil]l A549 4HHEEFE, XHEITN 2] AS49/DDP 41 L [FFf
BHHIERE 3).

PR O BRI (umol/L)
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C A549

4 BT 75 L 51 (100%)
a
o

0

0 05 10
EHEZERIMIE( umol/L)

A549/DDP

4HRaIE %8t 51 (100%)
o
o

0

0 05 1
SHEZERIIE( pmol/L)

(A) A549 ZRIEE T T (S5 204 tt, 200% ); (B) A549/DDP R4S T WL(45 & e th, 200%); (C)
AS549 YR D 5 i 5 TS 1) 4 i EL A5 EL 35 (P < 0.01, *P < 0.001); (D) A549/DDP 4 i 5 i 2 JES IS (1) £ i Eb

B LI (FP < 0.05, **P < 0.01)

Figure 3. Effect of Gracillin on the migration ability of A549 and A549/DDP cells

3. Gracillin ¥ A549, A549/DDP ZHEET 8 6E F1HI 520

2.4. Gracillin ¥ A549 5 A549/DDP AR ZEEE HRYINHHER

Transwell 12285206 5 G IR, ZAFEMEE Gracillin 2> HI4bFE A549. A549/DDP 4ijd 24 h 5, 5%
AR L, 259 P = 28 i 40 B b A 6t 2 ek, SRR AR, 22 A St B (P <0.01, P <0.001),
F W Gracillin 7] #1#1] AS49 I8, XTIREMN 25 AS49/DDP 4 (2 28 [ AE BA #H /E H (K 4).

2.5. Gracillin BE&IF$AXT A549 AR EIER

CCKS8 SLIR 45 7R, Gracillin WAL 1.0 pmol/L XA A 1.5 pg/mL ALEE A549 ARy, Pi254H BAR
FH#8%L CI = 0.319; 1.5 umol/L Gracillin & 1.5 pg/mL AR CI = 0.743, ¥WHRORHZEAG P FEER .

Gracillin 7] 358 BETT AS49 40 (M PLIgvE/E H (% 2).

TR LB IR (umol/L)

A549 %

A549/DDP "

1.0
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C A549 D A549/DDP
150+ 150
S S
T 1004 T 100
= =
ﬂ uld ﬂ *k
ﬁﬁ( 501 ﬁ’[ﬁ 50
ﬁ Q *k %k
% *k*k éﬁ
0 =
0 0.5 | 0 0.5 1
EHEZEHREIKE ( pmol/L) EHEZEHRIYIKE ( pmol/L)

(A) A549 20 %% N BT (45 S e fh, 200 ); (B) AS49/DDP 20 %5 N BT (45 i e ff, 200% ); (C) A549
20 i 25 3oL 3R TR B A 40 B B 9 BR3P < 0.01, *P < 0.001); (D) A549/DDP 4 Jifa 7 ik 3 B A (1) 241 it bb 451 Eb g
(P <0.01, *P <0.001)

Figure 4. Effect of Gracillin on the invasion ability of A549 and A549/DDP cells
B 4. Gracillin %t A549, A549/DDP 4HAE{R 2268 1AM

Table 2. Effect of Gracillin combined with cisplatin on the proliferation of A549 cells
% 2. Gracillin BX& I$ART A549 4RAIETEMNIER

IR ¥R B (ng/mL) Gracillin ¥ & (umol/L) N2 (%, x +5) CIl{&
0 0 0 -
0 1.0 40.02 +3.21 -
0 1.5 77.76 +£2.85 -
1.5 0 58.30 +2.94 -
1.5 1.0 90.01 + 1.76 0.319
15 1.5 91.44 + 1.52 0.743

2.6. Gracillin 84315 A549/DDP ZHfaxt IREEEY T 2514

CCK8 4R 27, 1E Gracillin #E A 0.5 pmol/L B, JEHXF A549/DDP 41 f1f¥) 1C50 4 8.561 pg/mL,
95% B 15X [A] 9 7.365~9.983 pg/mL, H AN Gracillin I 19.85 png/mL 35 4%, %W Gracillin 74 5%
AS549/DDP XA FRIEEURRAE , 30 53 10028 HOOH A PR R 2476 (< 5)

1003 L, EREZEED

] WAEO umol/L
e ] u DHEZERE
S ] WARED . Sumol/L
B 50
E

0 T | |

-1 0 1 2

IR Log ( pg/mL)

Figure 5. Reversal effect of Gracillin on drug resistance in A549/DDP cells
5. Gracillin Xt A549/DDP 4RBfi% %% Z5891E A
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2.7. Gracillin 8% EMT &iHZ5#EXEERIE

Pt EE PCR 45 B BoR, KA WK E Gracillin 4LFE A549 40/ 24 h J& , E-cadherin mRNA %A T+,
MMP2 mRNA FikP#(%, ZREASITFE (P <0.05); ZARFWE Gracillin 43 A549/DDP 40 24 h
J&, E-cadherin mRNA FisTHE, MMP2 2 MDRI mRNA k&K, #7HA S5 (P < 0.05) (&

6).

A549 A549/DDP

. . m 0

. -0 2 B 0.5pmollL
) 4 =3 0.5pmol/L . 4 = 1.00.5umol/L
i 0

=1 1.00.5umol/L

% 3 g %
®” e
o =Y
Lo Z

E-cadherin MMP2 E-cadherin MMP2 MDRI1
(A) B)
(A) A549 4HJi 3L R Rk 351k (B) A549/DDP 4 i K Rk 5 4b (*P < 0.05)

Figure 6. Expression of migration/invasion-related and drug resistance-related molecules detected by Q-PCR

& 6. Q-PCR & NLHAEEEFE . MIZAME KR T FRIFRIX
3. g

I A — PR T S R B B AR SR TR, R R R PR R 2 R B e AR R 2 —
P I N R A AR . i GLOBOCAN 2022 404 s, il 75 A Bop A ie i o) A Jm 85—, BBt
TR JE B AL 1] FEURE B8 FE T fx 3 22 J5 DR P MO (R (2 2 AN e, 9T 90 I S b ed 1) 4= 2% S it
2 et R IR TT R MON R N 2] R I AR ER IR ST A VR T IS T R R, AT AR
eV T R A, T TR A AT T 25 7 AR R SR AR I 245 45 98 2 S BUR T R I ) R A (3], At
SR AENS i A AR 28 . AT RS TN 24 1) 2454 B IR .

KRR RPN E R —. git, I 60%IMilh ARSI R 24549 B #E sl A Bk R
TRIR=W[4]. & HEH(Reineckia carnea) N A& B S5 LR B A, 23R EH i X Wb F2), KiE) 2
FFIRTTZ0 A RIS RSR[5 ] TR ASZH A AT 70 R I35 AR S S U 4 e« il . B
BA UG IE, Horb BT WAL 32 25 PR [6] AN TR OB P RS> Gracillin X i 4042 22 .
T R 25 )52, 25 R oK Gracillin 7] 2 2 #1#] A549 J& A549/DDP 4Hfu 3G 4E . 1REMITHHE
FEER /s A549/DDP WA iR 24

3.1. EREIREWRS Gracillin BT RER

b R 1) B A (EMT) 72 i e 4 i SR 7594 28 AN # e 0 I OB A . BFFTIESE EMT il 2 FiE 5 i@ i
WIS, FERRE I RA . RIRAEA i EBAEH, [FIR S5 i 40 f i i 25 PR 25 A G [2]. EMT 2R
IR b AR ) E-cadherin 335 NI [ FAHEAR E 4 W1 N-cadherin.  Vimentin fl MMP2 %53% 1A I
W[7]. EMT 22 L2 R0 5 5B RS % 1%, 55 TGF-p/Smad. Wnt/f-catenin. Notch fl PI3K/AKT %
JHH[8].
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AHF T KB Gracillin 42 5 E-cadherin mRNA FIAFF . MMP2 mRNA FiE#K, #&7~ Gracillin 7]
REE I HH] EMT SR R IETUR BAPUTRBAEH . X — RIS K2 BT R =) iEid 4% EMT #l
il e A 7% (R E T 45 SR — 80 W T RIE 2 MR SR =yl il o 4% EMT AHOC(E S R EPUmEIEM, &
5 FANMIA T SR A IR AS . TR 12 28 KA ) SORESEALHI[9]

3.2. ZHTHZEHES Gracillin B ETHZ5/E R

Z N 2 R e AT R F RN Z — . JEGLi, 29 60%~80% I IiE B fEALIT JG & Fe AR 3R 1 1t
25, HHLEIH s | AN SZ55ME. DNA B EH0R . FT-Z R A B L MR i
W HEIPELZNITM3]. HF, ABC HiZ2EAKKEN SN i B 2 A 216 . P-gp (H
MDR1/ABCB1 F:[K gfith) & —Fh 3R IE T 25 4n i - s it s /5 1, Hid Rk 2 MDR g FE L
Hil2—[10]. WFFCEM, fEIE/ NI, MET 3£[H alterations 25 7 IR IGIE . 1228 MEHS, MHL
1] 24 0 PR TS 245t AN ] a4 [ 11

AW TR I Gracillin 7] 235 N A549/DDP 4Hffa-F MDR1 mRNA 1515, iX A f8 & 38 7 108 57
M 25 14 o T AL 2 — o RERF=I0TE 5o R IRI I 245 77 T B R ARR R 38 o RARF= 4 ml il ik 4% PI3K/AKT
HMAPK Z5(5 5% . 0] EMT. #8745 S ML) R 35 B 1 F 9]

3.3. Gracillin 54598 EER

AT KI Gracillin 5)FEAECE N A EA B RIS AS49 i85 IER, CI E54978 0319 1
0.743, HI/NF 1, #R Gracillin A ST IR A« B6& 25 SRS AT AR ST 3, 18 AT DLFRAK
AIT 25T, AT IT A S TR B o 556 & FH 26 02 o0 ARSR A5 PR 24 1) 55 B 5 mE, Gl #E ) DNA
BREIEEE . WM R HOA SR S 2 EALE], TR S T U3,

3.4. Gracillin FIgEIBIERNE 5@ %

PI3K/AKT {5 5@ K AE R R RN RIFEEERH . AEY, PI3BK/AKT 15 51EE A 75
W 5 R 2 25T 25 A S V)G 2R, P2 00 B 1 S B T DABRAIR P-gp B3R IE I 461 24« Park %5
QO2NHWFFEEH, RARFWml@Ed T i PI3K/AKT {5 5@ B0 A549 400 HiE A A2 28[12].

Notch {5 Z B # 2 7 — A5 MR i 25 % UIA (5 Sl g . 4k & n] %14 (lineage plasticity) 2 UL 4
Rt R I S B 2 ML, i R AN SRR VR YT 1T SO A &R DA RS YT I RE J1 . Zhao FEFE T R
AR ORI TR YT TN 25 SN 2 —, JCHJESE EGFR #E[MVRITIN 25 = R [13]. X — KBl
7N, Gracillin FIS 4R 245/ F T BEPS e S0 52 24 O 40 it ] 28 1 R # L1 o
3.5. i ERMY

AT TR 5256, 5518 F WS ittt — B IRAIE
3.6. &g

2E FRTIR, S REEE LR EUYDIE M S Gracillin B PRI /7, AT 400 i SUR i i A549 A
2520l AS49/DDP [F385E . LA AR 2268 71, S BRI 25 40 M X A i gk, FLALHI T B S 40| EMT i3t
T+ T MDRI1/P-gp Rk H . A I T FEEAERE VAT B8 SR AL T B sL ek ds, oI R 5

TR R AT B R B T R A .
E&ImHE
TLVEE PARRREHFRIIE (WE 45 : 202310052).
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