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(Abstract] Objective To explore the effects of modified Chaihu Shugan Powder medicated serum on proliferation, migration,
and invasion of triple -negative breast cancer MDA -MB -231 cells through the APLN/PI3K/Akt signaling pathway based on
transcriptome sequencing. Methods SD rats were used to prepare modified Chaihu Shugan Powder medicated serum and control
serum. MDA-MB-231 cells were treated with different proportions of control and medicated serums for 24 h. Cellular proliferation

activity was assessed using the CCK-8 assay to determine the optimal proportion. Transcriptome sequencing was employed to
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analyze differentially expressed genes and signaling pathways in cells from the control serum group and the medicated serum group.
Cells were transfected with APLN siRNA or overexpression plasmid to knock down or overexpress APLN. The CCK-8 assay, wound
healing assay, and Transwell invasion assay were used to check cellular proliferation, migration, and invasion abilities, respectively,
after intervention with the medicated serum combined with APLN knockdown or overexpression. RT-PCR and Western blot were
utilized to determine the expressions of APLN, PI3K, and Akt genes and proteins. Results Compared with the control serum group,
the cellular proliferation activity, migration, and invasion abilities in the medicated serum group decreased (P<0.05). Transcriptomic
results showed that, compared with the control serum group, 116 genes were significantly upregulated and 66 genes were
downregulated in the medicated serum group. These differential genes were primarily enriched in tumor—related signaling pathways
such as PI3K/Akt and mitogen-activated protein kinase (MAPK). Among the top 30 differential genes, the medicated serum reduced
the expressions of APLN gene and protein (P<0.05) and inhibited the activation of the APLN downstream PI3K/Akt signaling pathway
(P<0.05). APLN knockdown further enhanced the inhibitory effects of the medicated serum on cell proliferation, migration, invasion,
and PI3K/Akt pathway activation (P<0.05), whereas APLN overexpression attenuated these effects of the medicated serum (P<0.05).
Conclusion The modified Chaihu Shugan Powder medicated serum can inhibit the proliferation, migration, and invasion of triple—

negative breast cancer cells by negatively regulating APLN expression, thereby antagonizing the activation of PI3K/Akt signaling

pathway and exerting anti—cancer effects.

(Keywords]) modified Chaihu Shugan Powder medicated serum; triple—negative breast cancer; APLN/PI3K/Akt signaling

pathway; proliferation; migration; invasion
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Fig.1 Comparison of the proliferative activity of MDA-

MB-231 cells in different proportions between the control

serum group and the medicated serum group
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Fig.2 Volcano map (A) and cluster heat map (B) of gene expression in the control serum and

modified Chaihu Shugan Powder medicated serum groups
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Fig.3 GO enrichment analysis of differentially expressed genes between the control serum
group and the modified Chaihu Shugan Powder medicated serum group
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Table 2 Top 30 differentially expressed genes in the control serum and modified Chaihu Shugan

Powder medicated serum groups
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POU2F3 IFITM10 HMGCLLI .TTC22 ,ENPP5 NKX2-5 RABI17 LTF .FOS .RASSF6 ALPK3 IL24 .GPR143 ,CCNP .EPPKI

Sk
ARCE
TR CPB2 HGD .TCAF2 ,TBX4 ,C4orf47 HOXC9 ,CA9 .PADI3 PPFIA4 DHRS3 .GRAP2 NMNAT3 PRAMI ID3 . GPRI146 IDI ALDOC
MYLIP PCDHGA9 IRAGI NYAP2 DNAHII ,C20rf72 .B3GAT2 DEPPI APLN ABCA1 NDRGI .CD14 CFAP54
3.4 £&4H MDA-MB-231 ¢Apa1E5HEE H L&
B 243 11037 2L F A B B T I TG B ML 4

3.3 £ MDA-MB-231 ZARtIR A PLN E R K Fn
(P<0.05) ., Er2iM 3% +si—APLN 20 HP 4 345 1% 11K

T2y 5 25 M3 +si-NC 4H (P<0.05) ; 5 25 I 7 +oe—

APLN ZH H 2 B35 16 v T 3 255 245 ILYE +oe-NC

L, si-NC 4" APLN mRNA #H %t
e
2H (P<0.05) , [EATHIE T BRI 2H (P<0.05) » 5524

X4
Fik 27 G 2A T L (P>0.05) , 1 si—APLN 4
H1APLN mRNA FHX 255 FRAR (REAIRRCR 2980% )
(P<0.05), 5 0e-NC ZHAHLL ,0e—APLN 2 APLN

mRNA AHXF IR BN T 37.45 £5(37.08/0.99) (P<
M5 ZH F AL, & 24 M35 +si-NC 2H 15 24 175 +oe-NC

0.05), I 3,
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Fig4 KEGG enrichment analysis of differentially expressed genes between the control
serum group and the modified Chaihu Shugan Powder medicated serum group
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Regulatory mechanisms among differentially expressed genes in the Apelin

signaling pathway
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2 P ARG B G ) 22 e X g

TEWLER 4,

ALV =3

2 L(P>0.05)

%3 MDA-MB-231 ZHRaH APLN BEEBIEFN
o RIKILRIGE (35 ,n=3)
Table 3 Verification of the APLN gene knockdown
and overexpression in MDA-MB-231 cells (xts,n=3)

2031 24 h
X B ZH 1.00+0.03
si-NC 21 1.07+0.04
si—-APLN 21 0.22+0.02%*
0e-NC 21 0.99+0.04
oe—APLN £ 37.08+2.71%%

W XTI B3, #P<0.05 ;5 si-NC 48, #P<0.05; 5 0e-NC 21
H# , 4P<0.05

R4 KL MDA-MB-231 ZBREIBIHIE 1 LU B (ts ,n=3)
Table 4 Comparison of the proliferative activity of
MDA-MB-231 cells among groups (x+s,n=3)

5 i %%
ot HE I 75 41 0.00+3.49
FHIMTEA 34.19+1.21%

EEGIMTE +si-NC 21 34.14+1.65%
HEH M +si-APLN 41 46.03+1.36*"
B2 +oe-NC 41 34.20£1.33%

2y MM +oe—APLN 4H 22.90+2.13##

T 3 R I 4H R AT, #P<0.05 ; 5 A 25 LT +si-NC H ELES, *P<
0.05; 5 & 241l +oe-NC 21 HLAE , $P<0.05,

ot T Vi 4L

Rl REE |

FHIME+si-NCH  F 25 MLif+si-APLN4L

3.5 #&%{H MDA-MB-231 ABEFEREEES

57 RS 20 L, B 25N A 7% 24 03 +si-
APLN 2H K& 24 IfiL % +oe—NC 20 7 20 Jifd i) 30 F% 1 25
B (P<0.05) ; 5 & 241075 +si—-NC 41 LA, %2410
15 +si—APLN ZH H 241 i i) 18 86 FE 25980 /> (P<0.05) ;
& 25 M5 +oe—NC 2H FLHE, 7 25 L35 +oe—APLN2H
H 21 ) A RS R B 1A (P<0.05) 3 5 & 24 L v 4H e
B, o LT +si-NC 2L A1 24 135 +oe—NC 41 H 2
MR B 22 R TG L (P>0.05), HEIL
K6 ks,
3.6 &% MDA-MB-231 HB{EZEsENH

57 RS 20 L, B IR A 7% 24 03 +si-
APLN #H % & 25 IfiL 15 +oe—APLN 20 1 400 Jifd 1) 1= 22 %4
D (P<0.05) 5 5% 25 M5 +si-NC 4L H#, &
245 1ML +si— APLN 41 40 Jig 0 4= 28 5 i 0 2D (P<
0.05) ; 5 7 24 .7 +oe—NC £H AL, 5 24 IfiL 15 +oe —
APLN 41 Hh 40 it i) 2 28 850 B 389 (P<0.05) 5 5 & 24
MVH2H HEAE & 25 17 +si—-NC ZH F1 55 25 1ML +oe—
NC 4 h 20 Ml i) 4R 28 80 22 R ¥ e geit2¢ 2 (P>
0.05), FEWLE 7 KXk 6,
3.7 &4 MDA-MB-231 4 fid  APLN . PIK3C3,
Akt mRNA RixER

555 BRIV 4 B A, 5 24 LT AL RN 25 10T +

FYlE+oe-NCH &2 Mi%+oe-APLNA

IR

4 ¥

B 6 %&£ MDA-MB-231 HEXIRLIELER (x100)
Fig.6 Results of MDA-MB-231 cell wound healing experiment in each group (x100)

x5 HKH MDA-MB-231 HBEEXHER BRI LL B (345 ,n=3, um)

Table 5 Comparison of relative migration distances of MDA-MB-231 cells among groups (x+s,n=3, pm)

2 0h 24 h HIAIERSHEES (0~24 )
of A 7 41 903.60+3.07 309.57+2.72 594.03+4.46
CEIINEN 906.57+1.03 440.48+2.72 466.09+1.79*%

Er I +si-NC 41 904.18+1.04 443.49+2.71 460.69+3.58*
F LT +si-APLN 21 907.15%3.09 515.53+2.02 391.61x4.41%
B ZIMIE +oe-NC 21 907.16+3.58 441.69+2.08 465.47+2.04%
BN +oe~APLN 41 908.95+1.79 375.05+1.83 533.901.83%"

T S RIS 2 AR, *P<0.05 3 5 & 20 ILTK +si-NC 41 HAL, *P<0.05 3 5 & 25 1ML i +oe—NC 20 H 4%, 4P<0.05,
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xR i 3 4 Fp) iR E & Y1 +si-NCA
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ra%

Sho &
L9

3

RO, Y IS ARy, IE, B9 2o
7 &LH MDA-MB-231 4B Transwell {828 I8 45 R (x200)

1 ,‘ - ety " s B % s 3l
N e D, S 5 .
(O LA AT A B

Fig.7 Transwell invasion assay results of MDA-MB-231 cells in each group (x200)

R 6 B MDA-MB-231 AR EHE LB (ks ,n=3)
Table 6 Comparison of the invasion numbers of MDA-

MB-231 cells among groups (x+s,n=3)

5 24 h
X RE MR 2H 77.67+2.08
FMTE YL 50.332.52+
2L +si-NC 41 51.33£3.79*%
M IE +si-APLN 21 34.33+1.15%
BT +oe-NC 41 50.33£3.51%

24T +oe-APLN 41 60.67+1.53%

T S IR IS 2H H AL, #P<0.05 5 5 & 2 1ML 3 +si-NC 41 HL# , fP<
0.05; 55 25 1M1 75 +0e-NC 4 H#, $P<0.05,

si—APLN ZH 40 fifivh A PLN FIPIK3C3 mRNA FiXf 5%
K (P<0.05) 3 5 5 25 M iE+si-NC 4L HAE, %
24 I35 +si—APLN 4140 e APLN Fll PIK3C3 mR-
NA FEXF b B/ (P<0.05) ; 5 & 25 ML +0e— NC
HILE, & 25 1M +oe—APLN 4 APLN 1 PIK3C3
mRNA A X ik w8 i (P<0.05), 4 M+ Ake
mRNA FHXf RIXBEAESA T ERH TSI 2EE X
(P>0.05), PEILE T,

%7 &4 MDA-MB-231 #fEH APLN PIK3C3,
Akt mRNA 3 RIEE UL (v ,n=3)
Table 7 Comparison of mRNA expression levels of
APLN, PIK3C3, and Akt in MDA-MB-231 cells

among groups (xxs,n=3)

2153 APLN PIK3C3 Akt
Xof BRI 2H 1.000.10 1.000.02 1.00+0.18
Er eI 0.38+0.05%  0.65£0.03*  0.95+0.04
B +si-NC 41 0.35+0.04*  0.62+0.05%  0.92+0.07
BTG +si-APLN 20 0.1520.01%*  0.45:0.02%*  0.98+0.22
B2 IMIE +oe-NC 41 0.39+0.01*%  0.63x0.07*  0.98+0.13
FE MG +oe~APLN 41 20.12+1.49%%  0.85:0.05*%  0.93£0.15

T 5 R I 2H LR AT, #P<0.05 5 5 & 25 LG +si-NC 4 L3R, *P<
0.05; 525 1175 +oe-NC 4 4%, 4P<0.05,

3.8 &% MDA-MB-231 BB APLN BEER{L PI3K
5 Akt EARIEER
T 24 1ML YE 2H A 2 24 10135 +si—APLN ZH 40 Jifg

APLN | s ---q 15 kDa
PI3K “...q 85 kDa
p-PI3K | M- — d 85 kDa

Al 0.

p-Akt -— --.... 56 kDa

GATDIT | M| . .

B8 #&H MDA-MB-231 f1 APLN BiE&HL PI3K
SR Akt BARIKIER

Fig.8 Protein expressions of APLN, phosphorylated

PI3K, and phosphorylated Akt in MDA-MB-231 cells

in each group

APLN PI3K B8 1k PI3K S8R 1k Akt & F1AH X
FEIRFAL T X BRI 20 (P<0.05) o 35 25 L35 +si—
APLN ZH40Jfi-h APLN PI3K #§l2fk PI3K SR 1k
Akt 8 AR X R I8 B T 25 78 +si-NC 41 (P<
0.05) , 1M & 2% Il 7% +0oe —APLN £ 41 Jffi * APLN |
PI3K @M ALPI3K SR L Akt 25 AT ik =
FE& 25 M +0oe-NC 4H (P<0.05) o & 2 IML7E +si-NC
LA 24 M7 +oe-NC 4141 ffd H APLN | PI3K . % iR
1k PI3K 5 @R fb Akt FIAEXT A5 & 25107
H TG0 X (P>0.05), Akt 25 ARk
TR AR TS24 L (P>0.05) , T ULEL 8 Fll
%38,

4 it

TNBC & — i B AR 28 M A0 5 Joa 1 1) LA I
AU EHT M A SR YT T R IR AR R R
KBTI A R A IE R R Y, TR X L
Jiges B A AR L TS s O A 207, R FLR R )
PRIRAE A B PR “FUIF T ELA T IRIT AL S
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F* 8 %A MDA-MB-231 ZHREH APLN BEER{L PI3K S5BEER L Akt HHXTRIZZELLER (3£ ,n=3)
Table 8 Comparison of relative protein expression levels of APLN, phosphorylated PI3K, and phosphorylated
Akt in MDA-MB-231 cells among groups (x+s,n=3)
2H 51 APLN PI3K p—PI3K/PI3K Akt p—Akt/Akt
Xef BRI 75 20 0.46+0.03 0.80+0.03 0.88+0.04 0.44+0.01 0.97+0.16
E I 0.26+0.02* 0.43+0.02* 0.68+0.01* 0.50+0.04 0.35+0.06*
F M +si-NC 41 0.24+0.01* 0.46+0.03* 0.67+0.02* 0.54+0.09 0.37+0.06*
& 25 L35 +si-APLN 41 0.09+0.02%* 0.32+0.01** 0.46+0.03** 0.50+0.01 0.19+0.04**
F 2 I +oe-NC 21 0.25:0.04* 0.3720.04* 0.71£0.04* 0.53+0.02 0.38+0.05*
F N +oe—~APLN 44 0.75+0.03*" 0.59+0.08** 0.81+0.04" 0.50+0.01 0.52+0.01*"

T ST RIS 2E HL AR, #P<0.05 3 5 & 25 LT’ +si-NC 41 HLAL , *P<0.05 ; 58 25 1ML +oe—-NC 20 H 4%, 4P<0.05,

TIE, DA R, i ABUIF IR, FR M hva ] o
JHFACAB , I Jik 2R A, 0 &SR FLas s B )
TNBC, v M\ i8R, i T B , 15 AR 2897
TNBC AT £,

W2 RO AT B NPT S AR T
FERE ZRA RIS, S B TV b B ik O, =
TR FACEBAE ZE , BA B 230, 242K 12 0
FHF G R 0] 45 380E 7 ARl B LRI, 4
BB A A S S RS, N 2 5 BT LR 5
b B 2z Ay N ES SRR, A 25 2 kg
FRM AL, AT ECH 5 B H LR, e ik, S R
25 A ISR BR800, EGE |, Sl
JHRBC R et T %o L i (B0 4% TNBC) fb 2Ry 7
FIBEEEAE U7 TR M o R R R R R R ]
PIHITNBC 20 M 385 IE 42 2F PTX fb 223697 iUk,
FEAS SO SESHRFROMIR 2 245 1 A ] MDA-MB-
231 HMEIGTE IERS S iR2% G AP i s T
Xl L Y5 2H R0 25 24 MY 2L A Bf 22 S e iR B ) R
B AET PI3K/Akt \MAPK Z5{5 53 8%, 5 XIAOQ 458
T 1o X2 2 B2 4 7 S BRI 2L 19 4
HLHI A —3L

PI3K/Akt Fl MAPK {5 %5 18 % 19 55 6 2 5
| TNBC Bk HRESHEARWEZRRNE FL
FEHRVT T 258 Jrid it PI3K/Akt MAPK {55538 [
il TNBC #b  flan, JLBR e A —FiE g h 252
J7 il 0 PI3K/ Akt 3 #%0KE TNBC 4 g & 39 BH
UEF S 1, T R HE B AR A RS 3 R 3
POl MAPK {5538 #% 15 5 TNBC 40 2 DNA #5147,
HEMTPP LGRS AEAR S5 | S88H RO &
25 M8 T )5 22 57 Rk H N B 3 & S5 PI3K/Akt,
MAPK 5538 [, $12 7% S8 0 3o s 25 24 1. 37 7
figif i) PI3K/Akt MAPK {55538 £ ¥ MDA-MB-
231 SALESE TR SRR,

APLN AE Ry —Fl i 5 R S 1 %, 45 22 F
FRBTIRE, e R 43 I AR A AE ) AR
X VFZ ST HRAE APLN 25 a5 bkt 4 5 5
I A8 A A A PR R B I Sk R 2 R TR T Y
e e D, 2GR R APLN 5
FLIRIE R LS AL AN TNM 2335 AR o6 s Rk 5
WG A BA P 7% APLN ] /5 N 2L 16 T 1K)
TETERE S IEAh, APLN 15 S L MCF-7 4 i3 78
54228 i APLN 15 5 % 7] Ae 3 hn 2L g
20 it T 7 AR AER . APLN /E A Apelin {5553 #%
B bt 2 HF5EIESE APLN 0% PI3K/Akt 15 5
i, PR DEIRAE IE R 0T B i
4 BRI, APLN %t TNBC 40 ss E 8 5127280
S W A ST IR S AEASIESE Y, S8l it IOk
25 L T S Bl MDA-MB-231 4 ittt APLN
mRNA [ R 3k , I 90| PI3K/ Akt {5 538 B 0
APLN REAPRE— 2038 0 SR RO 5 24 13 XF
MDA-MB-231 i3 58 iT#8 1222 LA M PI3K/Akt
5 T B VR T APLN g 3 1k U )
FHIAEF , $2 7 S8R B - EBOM s 2 24 1038 7 38 28 9%
5 APLN/PI3K/Akt {5 53 & 314 MDA-MB-231 4fi
MR ETE A% 51228, R SHei RO T HTNBC
PEAE T FEISIL A AR FS , oM SR SR X R
APLN ik i = (R RS R T H2 4 17T RE,

g5 b SES U HOM IS 25 1096 X MDA-MB-
231 A3G5E RS SR ZE MM I AT 38 1 67 9
2 APLN/PI3K/Akt 15538 % B35 K SE 3, TNBC
HO5H 5 R 5 20 R S B R S A O, T R
¥ SEHE RO 80 7538 2 )8 45 APLN/PI3K/Akt {5
5 [ R T 240 Y S B AN R Tk i TNBC 26 i 3
i EBERZE, WA, AR ELZ PI3K/AKt {55538
BV B A A A 550 I S 5, Bk A s S
H G OB A 425 32 5 o 30 B 0 o g A K 5
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