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H E: AW  HITSRIKEES (Shengi Fuzheng Injection, SFI) JEITaI%IMRE R Wi E Y& 2 (prostaglandin-
endoperoxide synthase 2, PTGS2) -BMP 254 W A% A7 (BMP b1nd1ng endothelial regulator, BMPER) Hliti3E A549 41/
JIEi4H Ccisplatin, DDP) IHZ5PEMIHLE . F35% {# DDP 8% SFI T-7 A549/DDP 4, W4 25BE2AF0N SFI V&7 i e fr 4
A, i GEPIA2 WSS TR Fyvsl s, IFREXTIE4. DDP 4. SFI 4. DDP+SFI 4 LK Jefikidl . CCK-8 SZURTHE
SFI #5253, Edu ScGAaill A549/DDP 4HMIM 0, Transwell SZI&HEI A549/DDP 4R 28500, izl p A
A549/DDP U T-%, Western blotting 1 gRT-PCR il PTGS2 F1 BMPER 2% 1 mRNA FRik/KF. # T4 R A A R i
H, 45 DDP 1 SFI T-7, Ay ifhiig 2141 PTGS2 1 BMPER FIRik. ¢55R  SxfHE4 L, DDP & SFI 174l
IR 512 4B BRI (P<<0.01), ARAT-REZT R (P<0.01); 5 DDP ALL#, DDP B4 SFI A3 ZH40
HuBE5E 2 512 220 o — P IEK (P<0.0D), UMM REEAm (P<0.01). MESZHELEE5H715 2] PTGS2 S SFI 1597 il
PR A, BARECT X IR4E, DDP B¢ SFI 4b#E LUK DDP Bt# SFI T-HilZH A549/DDP 4/l PTGS2 Kik¥ BEFIK (P<
0.05. 0.01). #H%:T DDP+SFI+Vector 4, iT3iA PTGS2 BEi%H S AS49/DDP 4t 5127868 (P<<0.05), 40K
A% (P<0.05), M, ik PTGS2 U4 AS49/DDP 4iffii: K (P<<0.01). T PTGS2-KD+ Vector 241, BMPER i
FIXEHE A549/DDP 4Hfifi L (P<<0.05. 0.01), i FAMBMIMN 21, ik BMPER MUK #EA I/ER (P<<0.05. 0.01). f4&
PSCIG g RN, S5HMA R, DDP 675 DDP Bt & SFLIAYT 42 M Mg A= (P<<0.05. 0.01), #H%:T DDP Sk
¥697, DDP BEE SFI W97 S ZMEI AR A K (P<0.05. 0.01). 538 SFI i#id PTGS2-BMPER #i#i#] A549/DDP #ilfif1
DDP ffif Zj .
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Abstract: Objective To investigate the mechanism by which Shenqi Fuzheng Injection (Z &3k IEJE 5%, SFI) improves cisplatin
(DDP) resistance in A549 cells through prostaglandin-endoperoxide synthase 2 (PTGS2)-BMP binding endothelial regulator (BMPER)
axis. Methods A549/DDP cells were intervened with DDP and/or SF1. Network pharmacology was used to predict the targets of SFI
in treating lung adenocarcinoma, and its downstream targets were predicted via GEPIA2 website. Control group, DDP group, SFI
group, DDP + SFI group and transfection plasmid group were set up. The CCK-8 assay was used to determine the SFI concentration,
Edu assay was used to detect proliferation of A549/DDP cells, Transwell assay was detected invasion of A549/DDP cells, flow
cytometry was used to detect the apoptosis rate of A549/DDP cells, Western blotting and qRT-PCR were used to detect the protein and
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mRNA expression levels of PTGS2 and BMPER. A nude mouse transplant tumor model was established, and intervened with DDP
and SFI, the expressions of PTGS2 and BMPER in tumor tissue were detected by immunohistochemistry. Results Compared with
control group, DDP or SFI intervention groups reduced cell proliferation and invasion (P <0.01) and elevated apoptosis rate (P < 0.01);
Compared with DDP group, DDP + SFI combined treatment further decreased proliferation and invasion (P < 0.01) and markedly
increased apoptosis (P < 0.01). Network pharmacology identified PTGS2 as a target of SFI in lung adenocarcinoma, and compared
with control group, PTGS2 expressions in A549/DDP cells were significantly decreased after DDP or SFI alone and DDP + SFI
combined treatment (P < 0.05, 0.01). Compared with DDP + SFI + Vector group, PTGS2 overexpression markedly promoted
proliferation and invasion of A549/DDP cells (P < 0.05) and inhibited cell apoptosis (P < 0.05), whereas PTGS2 knockdown suppressed
cell growth (P < 0.01). Compared with PTGS2-KD + Vector group, BMPER overexpression enhanced A549/DDP cells growth (P <
0.05, 0.01) and induced drug resistance, while BMPER knockdown produced the opposite effects (P < 0.05, 0.01). The in vivo
experimental results showed that compared with model group, DDP treatment or DDP combined with SFI treatment significantly
inhibited tumor growth (P < 0.05, 0.01). Compared with DDP alone treatment, DDP combined with SFI treatment significantly
inhibited the growth of transplanted tumors (P <0.05, 0.01). Conclusion SFI inhibits DDP resistance in A549/DDP cells via PTGS2-
BMPER axis.
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5 356234). TRIzol i5f] (4’5 R1100). RIPA %
R (A5 RO010D 1 H AL R SEERHA R A A 5
EdU el & (L6580, fit'S 40276ES60) i
H BB AR AR PTGS2 $ifk (k5
ab179800) 4 HJEE Abcam /A #]; Lipofectamine™
3000 A7 (L5 L3000150). BMPER $ifk (it
5 PAS-118984). % 1gG —#t (L5 31430) I H 3
Thermo Fisher Scientific /A ]; PrimeScript RT ik
& (L5 RR047Q). SYBR® Premix Ex Tap™ Ji
A (iS5 RR003Q) T H HA TaKaRa A .

1.3 Y&
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7]); LightCycler 480 %4 qRT-PCR {X (Z%[F Roche
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2 Rk
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2221 MEEY G2 134 . TR 8T 4. #40
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225 (drug-likeness, DL) =0.18 ik, 53] 41
ANEMER T R 20 ANEMERSY, Hd 17 ANV E
bR, 3% 218 MR S 21 METERGY, H
17 NEERR, JE 111 NMERR . KEHE, 153264 4
SFI #8855, M Cytoscape B AFHIEE “ W1 57 -HE
TR 2

M NCBIChttps://www.ncbi.nlm.nih.gov) ] GEO
¥ PE b % B GSE19804 . GSE40791 il GSE118370
Bed, DURIES P E<<0.05 H|log, 315 % (fold
change, FC) |>1 A kA4 i fifi i 22 7 A L A,
45 4082 4™, 1#IT Venn W3k Chttp://bioinformatics.
psb.ugent.be/webtools/Venn/) % SFI #1555 fiti liJes
2R IR FER IS S . B AR U E I String
(https://string-db.org/) #4 % & i -5 F i AH EAEH
(protein-protein interaction, PPI) 4% . i ] GEPIA2
(http://gepia2.cancer-pku.cn/#index ) T AH I HE 15 55
i e B S AR SR &R, A AT PTGS2 1)
HLRILFE
2.2 paSE SR

BEEXTEZH . DDP 2. SFI41. DDP-+SFI 4.,

TR IS 2P s 72 5 DDP 4L 23.3
umol/L f{] DDP 4b#E 24 hi'!; SFI ZH /I 33.5 g/L ]
SFI 4t ¥ 24 h; DDP+SFI 40 33.5g/L i SFI 5
23.3 umol/L ] DDP ALbF 24 h('21,

ik — B S FHLA], R E DDP+SFI+
Vector 2 (DDP HI SFI Bk &0 & + 73842 . DDP+
SFI+0e-PTGS2 41 (DDP 1 SFI Bt &0 & +PTGS2
I RIEALFE ). PTGS2-NC 41 (PTGS2 X} &4,
PTGS2-KD 4 (PTGS2 k41 ). PTGS2-KD+ Vector
H (PTGS2 mifik + 25 #Hifk4H ). PTGS2-KD + oe-
BMPER 4 (PTGS2 #ifii+BMPER i Fik4H).
PTGS2-KD+BMPER-NC 21 (PTGS2 i#{f. +-BMPER
STHEZHD AT PTGS2-KD+BMPER-KD 4 (PTGS2 Fifi
fk+BMPER mfiK4H). FrE #4439 7E SF1 5 DDP
Tl A549/DDP At 4T, Uik Bifg
LR Bt IR, G R B Lipofectamine
3000 12{771 - 422 HR 5 i W - St A 4
2.3 CCK-8 #M4pasE

AS549/DDP 4L 5X 10* /mL 51T 96 fL
e, FEAL 100 pL. AHRNGEE S, FF2aE9REs,
ANEARFRERE (5. 10, 204 30, 40. 50 g/L)
SFI Al 23.3 umol/L DPP (1355 4E 100 uLo. 55 8 & X}
TR (AN & 259 Aas A CREEFVANIRAS S 259D
B:9% 24 h 5, IO CCK-8 7, i FEEFRAAE 450
nm KRR (4) {H, FEHEAf i 2.

YHBAMH = (A4 s — A w2)/(A ss— A 1)
2.4 EdU FE&N4HpaIE5E

AS549/DDP 4HHE LA 4 X 105 AN/FLEFNT 96 FLAR
W, % €227 TR AN BRI, NN EdU AR
W, WE 1h, H 4% 2 R EEEE, AEMH
0.5% Triton X-100 4#b# 10 min 5@ E@EEME. WA
Click-iT X MIREYIROCHFE 30 min, ka4t
A%, BEOCIEEE 10min, PBS ¥ 3 K, T &M
B NSO, THE AR AR .

O PR % = T €8 5 Y2 R 5 5 e am e B
2.5 Transwell }N4ARIRZE

€227 WUNJTIRACERANAL, AR LA AN,
HETEMIER F-12K 578371, BL 2.0 X 104 4~/AL
T iRA Matrigel [ Transwell JEfE 2, TE
WIS 10%Ma4 g H Eaiidiik. T 37 C. 5%
CO K5 FRAH R IR 48 h, LR AR BN, 12254
HUF 4%% B E 15 min, P47 45 MRG0
20 min, ¢S5 RS SN R .
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P “227 WUR AN, WS L4,
f#i ] TRIzol RAFHRHLE RNA, ¥ T 30 uL DEPC
K, Wl5E RNA Jii & )5 f# ] PrimeScript RT 57 & 7F
37 ‘CFXF RNA AT RN . MG, # 1uL
cDNA I\ SYBR® Premix Ex Tap™ Ji& T #t47
PCR 4 34, 34 2% 42 el im) & v BH 15 5, LA
GAPDH YE NN ST IA— 1AL B, SR 2728 k1T
HAS R AR RIE K. B GAPDH L
5149 5°-CGACCACTTTGTCAAGCTCA-3’, N
5% 5°-AGGGGTCTACATGGCAACTG-3’; PTGS2
51 5°-GAATGGGGTGATGAGCAGTT-3’, N
W51 5°>-CAGAAGGGCAGGATACAGC-3’, BMPER
#5149 5°-CAAAAGCAAACCCACGTTTT-3", i
5191 5°-AAAAACACAAAGGCCCAGTG-3’.
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FrA BRI 2 8 B R MR i BE AL 2 A e A
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‘H. DDP+SFI mil& (10.4 gkg) H, fH6 H.
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#h7K; DDP 4 ip DDP, #3Ji 1 {X; DDP+SFIfik.
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YA I R SR F AR E E R (P<
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A-CCK-8 SEEGH7E SFI 4 259K ; B-EdU SEIRAGIN A549/DDP 4HJEAIIGSE T SL (X200); C-Transwell SEEAE I A549/DDP 4122 /E /1
(X200); D-HiiXANLARKL I A549/DDP 4HAEHIIHT 3. SxHRALE: P<0.01; 5 DDP 4tb#: #P<0.01.

A-SFI concentration determined by CCK-8 experiment; B-proliferation of A549/DDP cells detected by Edu assay (x 200); C-invasion of A549/DDP cells
detected by Transwell assay (x 200); D-apoptosis rate of A549/DDP cells detected by flow cytometry; P < 0.01 vs control group; P < 0.01 vs DDP

group.

1 SFIi%58 DDP %3 A549/DDP #Apa4E KHIHNHIMER (X+s,n=3)

Fig. 1

CHW - - R Mg (B 2-A) . iR FE

GSE19804.GSE40791 1 GSE118370 ' 75 12 fifi flt
FE B A, W SFI YR YT il e P AR S HE p B As 4, 4k

23] 64 DA ( 2-B). FKIRELR AT HH
MR FHIN String FEEAZEE PPI M4 (B 2-C), 4
BEIR A %-6 (interleukin-6, 1L-6). &)@k
JUERFME 9 (matrix metallopeptidase 9, MMP9).

PTGS2 FHHABEE R R K% . H KEGG &85
Mridon (B 2-D), A2 SR E S i 0 3 1B B e
FEIE M (& IL-6. MMP9. PTGS2 % ). 4 GEPIA2
IUE RN PTGS2 mrkik 5l b A7 R 22
HX (HR>1, K 2-E), i IL-6. MMP9 K IR
Lt s A AR AR A O, DR PTGS2 E At
FHE . Kl AS49/DDP 4HfUrF PTGS2 FKik/KF
(Bl 2-F. G, #ifEnxR, 5GXALLE, DDP

SFI enhances inhibitory effect of DDP on growth of A549/DDP cells (X s, n=3)

SFI Tl il PTGS2 & A mRNA ik (P<
0.01), 1fi SFI Bt# DDP Tl —* Nl PTGS2 &
HF mRNA ik (P<0.05).
3.3 JI3RIE PTGS2 ii%% SFI iFSH) AS49/DDP 4H
e 2 BUk

£ A549/DDP 4fiffd o % 4% PTGS2 i Kk i kir
HE— BRI HAE A549/DDP T 241 (R 1E FH . 48
Jf s Gt R M 45 R LK 3-A. B, #H%T DDP+
SFI+ Vector 41, 0e-PTGS2 4R 2 4+
PTGS2 & HHM mRNA £ix/KF (P<0.05. 0.01),
VLB Qi) DheetEsiin gt ) (B 3-C~E) iR,
DDP 5 SFI XA+ 2 1] A549/DDP 41l A4 K
(P<0.01); #H%T DDP-+SFI+ Vector 4, iT&KIA
PTGS2 3155 A549/DDP YUty 51228 (P<
0.05), FFHIfI4HRIIT: (P<0.05),
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s 125
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GAPDH | A S - > 0 o 0S[ p 2 05 #
o
%[# DPP SFI DDP+SFI E . |I| 2 . rr_l
StH& DPP SFI DDPSFI & %+ DPP SFI DDP+SFI

A- “U)-FR ST -HE B 7 W4 B- SFLIRYT IR i E 4L AU Venn [&]; C-PPI %S ; D-KEGG B/ HT45 0 E-GEPIA Filll PTGS2 Fififif
Jii BAEEAT R RINGE R F-Western blotting FE A+ PTGS2 EAKIE/KF; G-qRT-PCR AT PTGS2 mRNA FiE/KF; HxflRALL
. "P<0.01:; 5 DDP #lL#: *P<0.05,

A-“drug-component-target-disease” network; B-Venn diagram of potential targets of SFI in treatment of lung adenocarcinoma; C-PPI network; D-KEGG
enrichment analysis result; E-GEPIA prediction of relationship between PTGS2 and survival of lung adenocarcinoma patients; F-PTGS2 protein expression
level in cells detected by Western blotting; G-PTGS2 mRNA expression level in cells detected by qRT-PCR; **P < 0.01 vs control group; “P < 0.05 vs DDP

group.

2 SFLAITHBRERIMEHIBEZSH (Xts,n=3)

Fig.2 Network pharmacology analysis of SFI in treatment of lung adenocarcinoma (X £ s, n=3)

R BN, 5XHIE4 %, DDP+SFI 41 BMPER &

i GEPIA2 HILRIEELF 734 PTGS2 (1%
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Fig.4 Downstream target analysis of PTGS2 (X+s,n=3)
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Fig. 5 Effect of PTGS2-BMPER axis in reversal mechanism of drug resistance in SFI (X +s,n=3)
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Fig. 6 SFI combined with DDP treatment inhibits growth of xenograft tumors (X £ s, n =6)
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