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Chinese Herbal Medicine Feiyanning Prescription Regulates EMT to

Reverse Cisplatin Resistance in Non-small Cell Lung Cancer

XIA Jinli, CAI Yuejiao, WU Xinhong, WANG Zhongqi, DENG Haibin’
(Longhua Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai 200032, China)

[Abstract] Objective; To observe the effect of Feiyanning prescription (FYN) on cisplatin (DDP)
resistance in non-small cell lung cancer (NSCLC) and explore the underlying mechanism. Method: Cell

counting kit-8 (CCK-8) assay was used to detect the proliferation of A549 and A549/DDP (DDP-resistant) cells
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treated by DDP (0, 2.0, 4.0, 6.0, 8.0, 10.0 mg-L") and the proliferation of A549/DDP cells treated by FYN
(0, 100, 200, 300, 400, 500, 600 mg-L"). Based on immunofluorescence staining and Western blot (WB) ,
the expression of epithelial mesenchymal transition (EMT) -related proteins in A549 and A549/DDP groups was
observed. A549/DDP cells were classified into control group, FYN group (200 mg-L"), DDP group (6.0 mg-L"), and
combination group [FYN (200 mg-L") + DDP (6.0 mg-L") ] and respectively treated with corresponding drugs.
Then, invasion ability of each group was examined by transwell assay, and the expression of EMT-related
proteins in each group by WB. Moreover, real-time fluorescence quantitative polymerase chain reaction (Real-
time PCR) and immunofluorescence staining were separately applied to detect the mRNA and protein expression
of drug resistance-related factors in each group, respectively. Result: Compared with A549 group, A549/DDP
group showed high resistance to DDP (P<0.01), low expression of E-cadherin, and high protein expression of
Vimentin, N-cadherin, and Snail (P<0.05, P<0.01). As compared with the control group, FYN inhibited the
proliferation of A549/DDP cells in a concentration-dependent manner (P<0.01) , and the FYN group, DDP
group, and combination group demonstrated low invasion ability (P<0.01). In addition, the invasion ability in
the combination group was particularly lower than that in the DDP group (P<0.01). The expression of
E-cadherin protein was higher and the protein expression of N-cadherin, Vimentin, and Snail was lower in the in
FYN group than in the control group (P<0.01). The protein expression of E-cadherin, N-cadherin, and Vimentin
was lower and the expression of Snail was higher in the DDP group than in the control group (P<0.05, P<0.01).
The protein expression of E-cadherin, N-cadherin, Vimentin, and Snail in the combination group decreased as
compared with that in the control group (P<0.01). Compared with the DDP alone, the combination raised the
expression of E-cadherin and lowered the protein expression of N-cadherin, Vimentin, and Snail (P<0.01). The
protein and mRNA expression of lung resistance-related protein (LRP) and multidrug resistance 1 (MDR1) was
lower and the protein and mRNA expression of topoisomerase Il @« (TOPO Il @) was higher in the FYN group
than in the control group (P<0.01). The protein and mRNA expression of LRP, MDR1, and TOPO Il @ was
higher in the DDP group than in the control group (P<0.01). The expression of LRP protein and mRNA showed
no significant variation, but the protein and mRNA expression of MDR1 and TOPO II « increased in the
combination group compared with those in the control group (P<0.01). Compared with the DDP group, FYN
group and combination group showed low protein and mRNA expression of LRP and MDR1 and high protein and
mRNA expression of TOPO Il o (P<0.01). Compared with FYN, the combination elevated the protein and
mRNA expression of LRP, MDR1, and TOPO Il @ (P<0.01). Conclusion: FYN prescription can reverse the
DDP resistance of NSCLC by modulating EMT.

[Keywords] Feiyanning (FYN) ; non-small cell lung cancer (NSCLC) ; drug resistance; epithelial
mesenchymal transition (EMT) ; cisplatin (DDP)
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Jili 57 O (Bl 77 ) A T 44 v B 4 AR B 2
B4 K WIGRIZE AN SR, &85 ikE
BT R £ IR L TR LS B, B AR B IR AR
/NG R I, 0TI PR 20 Z24F . A I I R 5
R, il s T 5T 25 BA R ASAURT RLE D 1k
I7 AN RN, B8 e f8 Y A A T i 6 AT DL SE K
BE A AR H SR ST A E B i ]
DL b pe bn 75 W 3R 5k, B AR TE] 35S BT Aw AR ) R
IR B R v 2 52 i O a3 Wk 52 A
AR 7 1 BB S — P AR A R S5 i S 2 R IR T
SEWE . ZASHE ST U0IE B A549/DDP AT 24 40 il & A=
EMT, #Ell EMT J& A549/DDP 48 s & A= I 40 Tt 245 A
R, LUBE 7 0T R T T B, U5 b A
T WU X EMT i 25 X (% 52 ), #8845 il 77 O
T A /DN 40 A g TR TS 24 AT R AR R AL O il
T 77 W I R R FH 4 it — 3 3 S 4
1 ##

1.1 400 Al RR e AS49 40 ey H b [ RBR2# B
A%, H 5% 5 SCSP-503, A i i % A549/DDP
O 4R T 25 ) 20 i W 1 Procell A= i B A7 BR 2 &) (b
FE 1), 5245 CL-0519, ¥4 45 8%,

1.2 249 MaTHhHRE4 g mK30g RE
30 g INZRBE 15 g IS g AR 9 g 1l 2 4
15g A WEE30g EHEI1S g EF9g TIERIgd
B O ¥ A R 2 R 2 e A B B 2
B3 (#5435 4 91018.91067.,95065.92067 93058 .
91025.91127.93047.91152.,96040.96018) , 2 | 3
T 44 v B2 4 iR e 280452 M 0 18 O E i o 4% B 31 R B
AR Z B 30 min, ] 8 IR LAY 4l K B 1 h,
FEBRAN TR AT A R, e 4 2 5 4R 25 2.0 g-omL,
MCIRPRAE 2 F o Tl 5 7 1 32 2 A 43 340 38 3 8 1 4K
A 8 35 245 A DU AR KT TR AT B[R] BT 3% (UPLC-Q-TOF-
MS) HE AT 43 B o S R W 2 W B o R s
20 mg, Hy ¥ o R 2 K2 B e 48 B B v 0 T 24
Br kW T 5 & w2 A R A A 2 a2
H20023461, it 5 1F0374B03, 40 g 52 % i 72 v,
W2 55 2% vh i (PBS) L il i W, 0.22 m 28 3§ #4520 U
R S 8 .

1.3 5 F-12K 85 35 2 ( Ll s gl AR R B
AL, HiL5 YC-3036) ; i 4= 1M (FBS, ik B o A4
W ARG RS E L HS 6021031)  HEE M 755X
F4k 2 & (3£ B Gibeo 22 A, L5 43 51 2 25200-056
15140-122) ; 2 A 3% 5 5 35 PR A I ( CCK-8) 3 71 £

C0039.C0121) ; E-cadherin . Vimentin .N-cadherin . 5
185 55 7 (Snail) MDR1.TOPO [l a.B-L8h#E 1
(B-actin) YL A& (5 [E CST 24 A, 41t 5 43 % H 3879,
3195.13116.5741,13342,12286.8457) ; LRP i &
( % [ Santa Cruz Biotechnology 2 # , It 5 sc-
23916) ; mRNA $2 5 ist ] & ( 52 [/ Thermo Fisher
Scientific A ] , b5 K157002) ; 30 &% 548 771 &5 52 i
D¢ E 1 B A T BE 2 2 B (Real-time PCR) i 7] £
(o B 2w 3w AR W A Al e S 4 i o AG11705
AG11701).
1.4 Y2 MCO-18AIC & CO,fH I 35 32 4 (A A
Sanyo /A ) ) ; ECLIPSE C1 Y 1E % % )¢ W i 5% . DS-
U3 BN & G2 ( H A JE FEA W) ) ; infinite F200 7 £
1 AE B b5 AL ( By + Tecan 28 & ) ; Mini-PROTEAN®
Tetra 5 M1, Pk % B[ 22 48 . 734BR3604 1 2 1 b §2 4% |
ABI 2720 B L[ 4§ 181X . ABI 7500 %! Real-time PCR
X (% [ Bio-Rad A 7 ) .
2 FHik
2.1 S i A549 5 AS549/DDP (IR 4 25 ) 4H
M, 43 h A549 415 A549/DDP 41 ; 2 fili 45 7 IFUEA Ak
L A549/DDP 4l il , 4 b &= H A A T A
(200 mg-L") J4A2H (6 mg-L™") J64 FH 25 40 (fili
7200 mg- L'+ 41 6 mg-L") .
2.2 MR ASA9 ANMIAE A 10% FBS 1% 75 -
BERE R M F-12K K 5= 5L 175 5% , AS49/DDP 4i Jitd 78 il
A 10% FBS 1% 7 -5 % &= 2 2 mg-L' A 19 F-12K
B R BB R BITOA 37 °C \5% CO, B iE 55 77 46
B
2.3 CCK-8 ¥k I 20 Mo 3% 5 F% 40 L A549 Al
A549/DDP LA 4.0x10* A~/4L H2 F 7E 96 L Az v , 15 37
24 ho BN A A B2 RE A0 A KOIRAS R
AP0 S5 N AT W T TR RS TR o ok
i 4H(0.2.0.4.0.6.0.8.0.10.0 mg-L") &b B A549 4
JitL Fl A549/DDP 4 fd , AN [F] J5T 45 v B fili 5 77 (0.
100.200.300,400,500,600 mg-L") kb 3 A549/DDP
Y1 24 .48 .72 h, TE A [HHFA] 5 (24 .48 .72 h) PEAY
A0S S1 , BB FR AL 450 46 00 45 AL WG 4, 35
I HE A7 5 3 A0 AT IS R = (A gy — A g )/ (A ey
~A ) ¥ 100%
2.4 Transwell{Z 78505 K Matrigel I8 & T 4 °CUK
AT RCTR AL, Yk H T Ry IR AR B AL RS . R
T L I I 24 &) Sl T Transwell |28, 356 o e € [
Ja BTG L7 15 972 5L 2 F Transwell/ NE L% LA
. 45 .
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FEFE K A BL R 5 30 min. O B A KRG AS49/
DDP 4t {fu , J5 B 31 A6 5, F JC I3 F-12K 35 57 2R
57,8 AS49/DDP 4 Jd LA 5x10°AS/4L Y B 35 /0 T
XA /INE FE B, T 024 h, Ve AR R E 2 A
E S U E a1

2.5 HEARPEENIM AN E (I RE [ RIPA R
R BUE R B, )Rl BCATE IR A & 2 R EA
W o L RESS SRS FF R RV, F UK 45 R TR vk
JIE L 5% W NG 4= W P 2 h, B F — P (1:1 000) )5 78
4 °CUKFE 1, VRIS =0 (1:5 000) 5 & 1 h, AR iz
Ui WY il ECL T AR, 3T JF U AL, 3 47 40 BRI
GRS

2.6 IETOCRIIE RIE 4% 2R R E A
JiL, T A W= IR F 20 min, 8% 82 5k 2% vh
(PBS) ¥t 3K ,3% BSA = it £ 4] 30 min, 7F 41 il L
B EL N — B (121 500) , 240 i 455 352 4 F il T 18 & N
4 °CHFF I, WE A Ja % m =40 (1:5 000) 7 1 h,
Uk R S5 i i DAPT YL, 3k % % L B 10 min, 3% H
F T JE i e KB R Rl 3 R 35 Foeot
s TSI R EA

2.7 Real-time PCR A I 1if 25 I F mRNA 3 ik K
S RECA RNA, K RNA 4 B RNA 306 5% 5%
A cDNA, R Z5 14 : 37 °Cidli 5 5 ) )i 15 min, 85 °C
KOG T Sk S s, HiUE i cDNA SYBER Green 5 i
T PCR LI, [ I8 46 F - 95 °CCHAE 1 30 s, 1 MG R
94 °CAEPE 105,56 °CiR K 30 s, 72 °C #E fif1 30 s, 3k
40 MG . LA B-actin N PN S o BT HE R 0 ek i, &5
LR ] 22299L 4135 mRNA AH X223k, 51 4 i 40 % R
W AR () A R m A A, W3k 1,

x1 5#MF7
Table 1 Primer sequence
514 JPa(57-3") K /bp
LRP TGAGGTGGAGGTGAAGAAGTT 21
GGCTGTGTTGAAGAGGTTGAT
MDRI1 ACAGAGGGGATGGTCAGTGT 20
TCACGGCCATAGCGAATGTT
TOPO I« GGACCAACCTTCAACTATCTTCTT 24
TCAACAGCCTCCAATTCTTCAAT
B-actin CATGTACGTTGCTATCCAGGC 23

CTCCTTAATGTCACGCACGAT

2.8 GBIt R SPSS 25.0 #EAT 48340 bt

TR L x £ s s, B ST REAR ¢ 46 56 o 1y 72 41 ()

B GE 24 2 X, - fdi BRI E ANOVA 43 #T £ 41 1]
. 46 .

Fb#, P<0.05 F 25 5 HA Gt L.

3 &R

3.0 X 4 M GE Y S me DA T T AS49 . A549/
DDP 4 iy J5 , 7€ 2.0 mg- L' I 41 T 7 24 h B , A549
2 . A549/DDP ZH 4 Jf 34 5 410 i 25 S R Gt
A 4 T) IS (6] RAR [ v B R 5 AS49 A HL R, AR
X A549 2H 3G 58 A0 ) VE F SE Sy B 2, A549/DDP 4 Xt
I 46 i 25 v 0 (P<0.01) o WL 20 fili 7 T
A549/DDP A J5 , 5 25 F1AL B3, fili 5 7 XF A549/
DDP 4i Jitd 3% 78 41 il 2 A W BE A )R A OC R (P<
0.01), W33, M CCK-845 5%, 6.0 mg-L il %Al
2.0x10* mg-L™' Jili 5 7% &b B A549/DDP 41l fifg 48 h i 3%
B 100 11 2R 24 R 20% , X5 4 M 3G 5 90 AR B, it
W Tl 825058

R 2 %A% A549 F1 A549/DDP 77 iE EHI S0 (X+s,n=9)

Table 2 Effect of cisplatin on proliferation of AS549 and

A549/DDP cells (3+s,1=9) %
20 51 ﬁﬁ%@; 24 h 48 h 72 h
/mg-L

R 100.00+3.49  100.00+0.81 100.00+2.56
A5494] 2.0 98.40+2.31  88.82+1.75  76.62+5.05
4.0 88.39+2.21  61.20+2.15  44.79+4.80
6.0 69.99£2.40  26.90+1.39 16.47+1.78
8.0 51.64+2.11 15.17+1.33  8.26+0.52
10.0 37.63£0.52  11.12+0.74  1.43+1.87

g 100.00+3.55 100.00+0.77 100.00+1.00
A549/DDP 4 2.0 99.48+1.56 97.75+2.85" 92.12+1.11"

4.0 96.98+1.63" 83.73+1.42" 80.22+1.82"
6.0 96.12+2.52" 78.54+1.66" 78.52+1.02"
8.0 92.5241.66" 71.61£3.75" 68.74+0.86"
10.0 91.63+0.65" 58.98+2.66" 53.26+1.64"

-5 AS549 [ JF i e BE 40 H % P<0.01

£ 3 BETI AS49/DDP HAFE RN (cts,n=9)
Table 3 Effect of Feiyanning on proliferation of A549/DDP cells

(xXx+s,n=9) %
415 )E%(Mfz 24h 48 h 72 h
/mg-L
25 H 4 100.00+1.84  100.00£0.57  100.00+0.93
A549/ 100 93.85+0.14"  92.07+1.92"  89.26+2.42"
DDP 41 200 80.77+0.59"  79.14+1.00"  77.48+0.97"
300 72.24+1.56"  65.79£0.03"  64.89+1.16"
400 63.29+0.35"  56.87+0.18"  51.52+1.12"
500 58.45+0.56"  43.84+0.50"  42.25+0.38"
600 50.96+0.46"  33.72+0.89"  26.67+0.85"

TE S5 4 g Y P<0.01
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3.2 XYM EMT RS2 5 AS49 41 b AL, A549/
DDP 4 E-cadherin 4 [ & ik & i, J2 & 4= EMT #r
B E L, R R, 5 AS49 4l L B
A549/DDP 41 E-cadherin 7 [ % ik W 3 B¢ K (P<

R4 HETHEMEMTHEXAEARENIFME (x£5,1=3)

0.01) , N-cadherin . Vimentin . Snail & 1 % i M & 7}
7 (P<0.05,P<0.01) . W34 K2, 2,5 A549
20 It BE, A549/DDP 4 & A4 EMT, #E Il EMT J2& A549/
DDP 4 Jfi 7> A= IR T 24 1) 30 28 i P

Table 4 Effect of Feiyanning on EMT-related protein expression in cell (x+s,7=3)

21 51 ¥ /mg- L E-cadherin/B-actin N-cadherin/B-actin Vimentin/B-actin Snail/B-actin
A549 41 6.0 1.028+0.032 0.719+0.038 0.866+0.063 0.731+0.047
A549/DDP 4 2.0x10% 0.746+0.035% 1.036+0.021% 1.037+0.069" 0.962+0.02%

I 5 A549 20 3% Y P<0.05,2P<0.01

DAPI

o . .
A B

Merge

T A.A549 4 ; B.A549/DDP 4 (1K 2 [ )
E1 fiE T3 E-cadherin T B 3 5E B 8200 (55566, x200)
Fig. 1

Effect of Feiyanning on E-cadherin in cell

(immunofluorescence, x200)

E-cadherin - A 135 kD2
N-cadherin ~ - 140 kDa

pocin . - 0

A B
B2 A5495 A549/DDPAHAEMTHXERARIEEK
Fig. 2
between A549 and A549/DDP group

57 kDa

29 kDa

Electrophoresis in EMT-related protein expression

3.3 Jili & 7 7 4 A549/DDP 41 il EMT #F #& 52
Soas P tei, iaTa imda BE HZ 4
A549/DDP 4l i 1= Z2 G 1 B & B AR (P<0.01) ; 5

FAZH EL B, BB 25 41 AS49/DDP 41 il 1R 22 e 1 ik
FEREAR(P<0.01), WIE3 . FS, Ha5 (4l il
A T 2H E-cadherin 25 [1 3% 34 ¥ 3 F+ 5 , N-cadherin .
Vimentin , Snail 2 11335 i % FE AR (P<0.01) ; 41 2H
E-cadherin . N-cadherin , Vimentin 2 [1 3¢ & B i &
%, Snail 45 H 2 15 1 & T| & (P<0.05, P<0.01) ; B &
FH 24 44 E-cadherin . N-cadherin . Vimentin . Snail 25 [
F Ik FEAR (P<0.01) 5 5 040 20 b A, BR 5 25 4
E-cadherin % [ % i5 7+ & , N-cadherin., Vimentin .
Snail 2 1 A AL (P<0.01) . WLE4.% 6.

WA HA B T4l CMAI 4L ; D B 25 41 (] 4-
& 7 17])
B3 s T JRSHRT AS49/DDP AR 22 HE 1 RM (45 45, x200)
Fig. 3 Effect of Feiyanning and DDP on invasion ability of A549/
DDP cells( crystal violet, x200)

3.4 il 5 7 07 XF AS49/DDP 41 i it 25 K T Kk B
M R YO R R, 5 Al i Bl A
T 41 LRP. MDRI1 2 [1 3 ik F& ik ; T 40 41 LRP.
MDR1 4 1 &5 T B A T 25 41 LRP 45 111 R8T
W 2k 2E , MDR 1 8 3R 3K T i 5 il 77 4 LA 2
KA H 2541 TOPO 1 o 25 1 3R 35 T i 5 5 471 41 L
B, E4A 2541 LRP . MDRI 2 1% 35 ] B FE A%,
. 47 .
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£ 5 BET. R AS49/DDP AKEERE SRR CGots,n=3)
Table 5 Comparison of invasive ability of A549/DDP cells in each

group after medication (x+s,n=3)

4151 Ji bk ¢ E /mg L 1R A%
ISk 100.00£1.31
it 25 7 21 200 61.81£0.98"
G471 20 6.0 74.01+1.70"
A 25 20046.0 50.04+2.27"

T 525 4L Y P<0.01 5 5 W41 20 He g 2 P<0.01

TOPO e M FEREW BT &. WK S5-E 7. PCR
SRR, 523 4, i 741 LRP . MDRI
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Fig. 4 Electrophoresis of Feiyanning and DDP on expression of

EMT-related protein in A549/DDP cells
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Table 6 Effect of Feiyanning and DDP on EMT related protein expression of A549/DDP cells (x+s5,n=3)
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Table 7 Effect of Feiyanning and DDP on mRNA expression

levels of drug resistance factors in A549/DDP cells (x+s5,1n=3)

215 ¥ LRP MDRI TOPO Il «
/mg-L
EgEE 0.80+0.18  0.90+0.12  0.99+0.06
fiti 2T 4l 200 0.30+0.02" 0.55+0.07"  2.33+0.09"
L1240 6.0 1.37+0.04"21.64+0.12"% 1.37+0.10"%
A ZE4H 20046.0  0.89+0.13%%1.24+0.08'2%2.69+0.09" 2>

52 E A Y P<0.01; 5 T 4 B P P<0.01 ;5 40
2H % P P<0.01

4 it
158 AL TT 259 5 BLA 1Y 2 50 ) 245 P AR A K
B EE R T IR T R AR TC R S MR RIR IT O i, &t
BT R HE— 253007, R AT BE 7 AR T RS U AR
AT AU IS o ARAS P I it 245 40K SR 52 g
. 48 .

A7 R ERE R, 5K iR T T Bl v iR 25 Wy it
24P R I T B i DR B DG B R R —

i T 07 BT i ARG LT BLAS AR R T
SRR A A T 07 6 T IR AT R e R
T, B0 R A T R PR IR A K R R
A AR IR R R AR AN B
HTH B E TR LR, S AR M FR AR
SRR 2, MR MR N K E 2
— G PLRF ST UE W] BE 6% T 98 MDR1LRP K ik |, i 4%
A /N 20 i it UG T 24520 RS 10 A D I 2
SR EAEEF AL B AR R Z
S, BT BH A BEORS 22 Ml A O BORS 9 T 20y, 25 3
WF 58 Uk B HL A 18 i ALK /Y s D RE , BT MR A
P RERA L, B PR B SR
BN 52 by B B 2R il RE % 0 ) 22 24 T 24
Wiz DiaE W IR 2 25 25 4E . 2



5529 #2455 4 1)
20234E2 H

HEXBAFZRS
Chinese Journal of Experimental Traditional Medical Formulae

Vol. 29,No. 4
Feb. ,2023

- . . - .

: . - - .

- . - . .
A B C D

B 5 HfiE T JR$AX AS49/DDP 418 LRP & B R X #0525, x200)
Fig. 5 Effect of Feiyanning and DDP on LRP in A549/DDP cells (immunofluorescence, x200)
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Fig. 6 Effect of Feiyanning and DDP on MDR1 in A549/DDP cells (immunofluorescence, x200)

(ISR N 77N R N R DR Y L & |
b CHCES PO B O i PR BT R O b 2 2R LR
W s T 0T B SR LR e DI RE UM | 0 e
7 25 e 2545 4

EMT 55 b Jed 27 45 1 it 25 22 [8] 1) 56 28 B OR% B AF
FETARA B BAR B HLH AT AT 2, JLn] e 5 e
b IR A0 2R B, T R 25 W S B AN O T A

A DO R B 22 A B 5T TR T AT 2R RS

LM 25 rh K24 %4 EMT >, 5 40

T LE , 1] 78 3R 40 i 1R A X £ R g 25 ) L 4% T

(TR 24 40 AR AR MR 25 5 EMT A OC Ml oK, 3 3k

JE ¥ EMT 1F A5 A8 6% 30 40 336 7 9 20 B it 245 44
AW FE KBS AS49 KA YL L4, AS49/DDP

NG it 247 4 e Xof G T 245 14 B = O HL & 2B EMIT,

. 49 .



5520 55 4 1) PESRRAFZRE Vol. 29, No. 4
202342 H Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2023
DAPI

Merge

o . . - -
A B C D

E7 fisT. A A549/DDP A TOPO 1 o BB 0E (9 566, x200)

Fig. 7 Effect of Feiyanning and DDP on TOPO Il « in A549/DDP cells (immunofluorescence, x200)
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