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[Abstract] Objective: To investigate the effects and mechanisms of Juzao Pill-containing serum on inhibiting
the malignant behaviors of human breast cancer MCF-7 cells through regulating the PTEN/PI3K/Akt/mTOR
signaling pathway. Methods: shRNA targeting human PTEN gene and negative control NC sequences were
designed and synthesized. Lentiviral vectors for PTEN gene silencing were constructed and used to infect
MCF-7 cells. The knockdown effect of PTEN was verified by Real-time PCR and Western blotting. Cells were
divided into control group, blank serum group, Juzao Pill-containing serum group, LV-shNC group, LV-shNC+
Juzao Pill —containing serum group, LV -shPTEN group, LV -shPTEN +Juzao Pill —containing serum group, and
LV-shPTEN+Juzao Pill-containing serum+MK2206 group. Cell proliferation was detected by CCK-8 and colony
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formation assays. Apoptosis level was examined by TUNEL staining. Cell cycle distribution was analyzed by
flow cytometry. Scratch wound healing and Transwell assays were performed to assess cell migration and invasion
abilities, respectively. Key protein expression changes in the PTEN/PI3K/Akt/mTOR pathway were detected by
Western blotting. Results: Real -time PCR and Western blotting confirmed that PTEN mRNA and protein
expression levels were significantly reduced after PTEN shRNA transfection in MCF-7 cells. Compared with
the blank serum group, the Juzao Pill —containing serum group showed significantly decreased proliferation,
colony formation, migration and invasion abilities, increased apoptosis level, more obvious G, phase arrest,
upregulated PTEN expression, and reduced phosphorylation levels of p—PI3K, p—Akt, and p-mTOR (P<0.05).
There was no statistical difference in each indicator between the LV-shNC group and the blank serum group
(P>0.05). Compared with the LV-shNC group, the LV -shNC+Juzao Pill-containing serum group exhibited
inhibited cell proliferation, colony formation, migration and invasion abilities, increased apoptosis rate and G,
phase proportion, upregulated PTEN expression, and decreased PI3K/Akt/mTOR pathway activity (P<0.05).
Compared with the LV-shNC+Juzao Pill-containing serum group, the LV-shPTEN+Juzao Pill-containing serum
group showed enhanced cell proliferation, invasion and metastasis abilities, decreased apoptosis level and G,
phase proportion, reduced PTEN expression, and hyperactivated PI3K/Akt/mTOR pathway (P<0.05). The
LV-shPTEN+Juzao Pill-containing serum+MK2206 group exhibited more obvious suppression of malignant phenotypes
and further reduced PI3K/Akt/mTOR pathway activity compared with the LV -shPTEN +Juzao Pill —containing
serum group (P<0.05). Conclusion: Juzao Pill-containing serum can inhibit the proliferation, invasion and metastasis,
and promote the apoptosis and G1 phase arrest of breast cancer MCF-7 cells by activating PTEN and inhibiting
the PI3K/Akt/mTOR signaling pathway, which may be one of the important mechanisms of Juzao Pill in exerting

anti-breast cancer effects.
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JrGTTFUEE (B AR LA S 2 B FH AN 24 145 () R
YT, T A R IR BB AT SR R T e L e A
L AR A i B TR S BR 1075 Y (R Bl Kk 1 B R
i Je 5K 71 26 1 [FYEH 2E A (phosphatase and tensin homology
deleted on chromosome ten, PTEN )J2&— 1 F %2 1 it 411 I
, ATH S 2SR A FH 6 1) 5 225 20l B WF Sk
1, PTENTERS R IR 20 21 bl Sk B IR i 26, HER ok
V-5 R TS SR ARG TEFLIEE T, PTENZR K B35 i i 1K,
HBR % 5 70 M A T 7L BT 14 2B 5 0 R Tl i T JUL I 398
fifi ( phosphatidylinositol 3 —kinase , PI3K )/& H ¥ il B ( protein
kinase B, Akt)/MHZL30H T 02 R E 1 (mammalian target
of rapamycin, mTOR )i /& — 25 28 ML) JIiJgd AH DG A5 53 15
TR AN TR RS A 2 A AR PTEN T i i
LWL AL 55— (5 PIP3, FHHUPIBKIE M , kM40 1] T 9 Ak |
mTORZ R4 N 535 (435 A, 2 #40 f) Fif g #1949 ZE LR
TR A R A TS T AR, O R o34
AN BB B UIAE 50 AT UL, PTEN-PI3K/Akt/mTORAHI7E
FUIRR th il OGN, XA Tl i T 1A B
A FUNRIEE G T R SRS

TERT BTG T v R 2857 1 R B R AR A0 2

breast cancer; Juzao Pill; PTEN; PI3K/Akt/mTOR; cell proliferation; invasion and metastasis;

JUVEN B FESR AR Z I IR SE BRI 45 5 , TE DU Uk A5
T AT ST B B ALRE I K LR AR SR BB 3 1 O
AR S AR, IR R R, HC AN B o 3%
PR BB — LA SRR E BRI 259, TE IR K
b HA RPN FH IR, T IR I R UESE , 48 3 L A
UL 2 2 07 IR AR YT e rE AR R AL, A, (AR 4)
RS IR, 44 38 AL 7% 24 1 3 RE A4 i A\ FLAR S MCF-7 41 L 1)
RS RS TRMCF-741EPTEN Y IR0, SR , 4535
FATFURIE R 43 F AL TR IRAIR ST AW 5T & 73 13 40 i
2 PRIT B I LRI MCF 7 200 3 1 2 780 R 5 i B
HIH#E PTEN-PI3K/Ak/mTORAE S I/ FIBLA, LA Ml IR
F R o 2455 7 TSRS AR -

1 MR5HE

1.1 A4

L1101 SEEBhY 24 H 8RR SPF Wistar MM K B, M40 1
(201.3218.7)g, W A MR I SE R SC R sh i FRA R A
AMES :SCXK (3#)2022-0009, i A 4% 1E -5 : 202209150001 -
B SR AE R T B 2 R 2R B SR Pl IR SR AR TR
(20£2)°C AAXHREE45%~65% JEHTEAIN 12 h/12 hAIRE A8
SE T SR AR T R 2 R A Bl AR I S DL 2 o A o (L
5 :TACUC-20220112).
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DMEMIFFRILIA T3 ML AR ST
1.1.3  AIA R BB 459 0 h W e v S 2 R 5
e B2 B 24 75 0 e 1 9 24 1 45 5 - 220210437000, L5
20231119, HAA 0% - BFA AL G 8 B0E RIS 8 g, 30K
IR INZETE TS 4 o B A58 o, DT R LB
120, B8 o, T 216 g b5 458 ALLL 1514 5 5 He 5]
TNAZERBKHNR0.2 o/mLiE &1, 4 CHEERF
DMEM =5 535 77 3 (L5 : 2230514) BG4 107 (65
211001 ) TRIzoli&F (L5 :212015) ¥4 F J5E Thermo Fisher
Scientific/A ) ; CCK-SAMIIE A 5 B ARG 45 ( H ADojindo
Laboratories” 7 , #65 : C8130-100T) ; TUNELJ® T4 3 1]
& (FitRoche Diagnostics GmbH, 1t :12156793001-20T) ;
PrimeSecript RTSH% 5% IR 7 & (45 : AK7802) .SYBR  Premix
Ex Taq I SEHT20E i PCRIAK & (AL - AK8438 ) ¥ A
H AR Takara BioZ> &) ; BEHETH A (H1E+5:20230715) .RIPA 4l
fi 7 2% vl (L5 120220622 ) BCAHE vk BE I 22 159 &
(#t%5 : P0010) \ECLAL 2% & 5t 2 (89 (41t 5 : PO018S ) .SDS -
PAGEHL K BE B i 451857 & (L5 - POO12A) ¥ A R 5 38 =
RAEYBARAGBRA ] s PVDF A 1 5% BB (€ B Merck  Milli-
pore Corporation , it 5 : KSMA7566); YL 8 11 4> T A5 1C )
(£ E Thermo Fisher Scientific’A ], L5 :26616); FLPTEN R
FEREBLIAR (HILS:9188S) FIPIBKHFEREDTIA(HE T :42499) T
p-PIBK AT ERTIR (L5 42288) LAk se EFL IR (LS
46918) Plp-AktHLTLBEDTIA (H1L5 : 4060S) . HTmTOR H 58
Pk (L5 :29838) . Hip-mTOR L TE EEHLIAR (L5 : 55368) Al
BT EAL Y BRI AR RGP (LS . 70748) ¥l B
FECell Signaling Technology/AF o
1.1.4 FEALLY  SERF96E #PCRIL (3 E Thermo Fisher
Scientificy 7 , 1“5 . ABI 7500) ; CO, 1% 7 #6 (1% [ Binder 2
H], 85 . CB 170); {8 B B ( H ANikon/AF] , 15 :ECLIPSE
Ti-S); AN AL (2 E BDA A, BI5 : FACSCalibur ) ; 581 A
B R 5 (EEBio-Rad A, 5 : Gel Doc XR+); BEFR{L (3
[EBeckman Coulter’A ), 5 :DTX 880 Multimode Detector) o
12 Fik
121 BEALE MG S RAR S BRI 45
B AL 25 LT 24 HK BUE R SR 1 5 BERLSY R 3
UL AR BRZ 45 12 H AR IR S gb sh ) 5 N iR R AL e
T, 44 86 JLAL RN IR 53 I L 3 BEALAE 25]5.4 o/ (kg - A1V
B FAEARFRA: B K HE SR 203 A HARRIR A 2 Ja 4
BEAEEIK, %00 L L2 9N P SRR BR R R, 7 1R = 30 ik
B, FATEEEPE AR MK 296 mLo4 000 r/minf L2 10 min(
D210 em) , IRE L2 M09 o (4 FH0.22 wm TC R UERE T U, 3K
FRAG B 2 L35 AN 25 A0 BB UL T , S A77E —20 °CokAE o
122 dufiiEsE AR H A ZLREMCr-T40 B R 7E R
SEERTG  Lh20% i 4R L SR AL I DMEM A 15 372 58, e Rebrifi
FEFRAAR(37°C . 5%C0,) - M B 2~3 Ao UG, SRR AR K 4
B AN RS
123 1R E AMCP-TA Y BT IFA R
PTENZE [ (¥ shRNA 7371 K FAPEXT B P 51 (NG ) , 3T g%
36

BLBE A BRA R R IR BE R L YL T LAS g/m I R
AR PR , Fe B B BOH 1049 EL BN A PTEN-shRNA S 5 25
BNCHEG T, 37 °C.5%CO M H 24 b5 Hopr ff 5% 57 3%
Y245 3748 hE 1518 R qPCR A Western blotting £ I PTEN
FERVTIRFR

1.2.4  4iMEsr2H 5403 BB A K IR MCF-7 40 i 53R
82 : (A)IEH X IR, AIEAE Br209% 64 5 I DMEM 58 4 1%
FREEFFRETTE ; (B) A HULTE AL, A0MI7E 5 20%55 (A ML 1
DMEM B FE 3 35 5 (CO A8 BAL& 25 135 41, A M7 5 20%
B BEIL T G IS R DMEMEE 75 56 h 15 5% 5 (D)LV-shNCA , /%
PENCTF AR 20% M6 4 L35 I DMEM 58 & 55 FR B 75 5%
(E)LV-shNC+35# AL & 2 i iE AL, 5L YN CI2 AR /B I AIA
F20%55 1 I & 24 M7 I DMEMES 35 255 5% 5 (F)LV-shPTEN
2, 5 YL PTEN-shRNA MR ER 5 LA 20986 4 I 7E T DMEM
SEA IR S 57 5 (G )LV —shPTEN+ 34 B AL & 25 L IE 4 , 75 e
PTEN-shRNA T2 55 8% J5 LA 5 20954 AL 25 25 1L 35 I DMEM
R FRILRGFE ; (H)LV-shPTEN+45 3 4L 8 25 1L 75 + MK 2206 41
TERE Y PTEN-shRN AT B2 )5 T 15 209 % 35 3L 7% 24 1ML 35 F1
1 pmol/L AktiHIFIMK2206 ) DMEM® 3% 385 5% . B A AL B
H A B LE3T °C . 5%CO, M 55 35 45 F T k2L 55 3748 h, R
JE TSR SRS

1.2.5  YUAEIGHEIE ARG DL CCK-8H M 77 2 v Ak 40 My A
AR S BB K IMCF-740 M, #2645 FL5% 1031~ %% BE Flrd
ot , BN AT L. 555524 h, B FLINA L0 pL
CCK-8IH, #EYGHF F 2 ho FHEFHR A AE450 nm 4 5 25 FL
WBEE (OD)E.

1.2.6 ZHMISEWETE IR KX BB KA LI 0007 /1L
TP T 6 FLAR o 20 MU B I, 4 43 4L IR 7 1) Ah B 3R 3
Ki3710 dJe , T 5597 L35, PBSURAS 4% R H BEE E 15 min,
0.19%45 4L 5,10 mino FRK PEIT , FAURE 2 EE T~ W
FEHHANET T AR >1 mmAY TR

127 4UMERIESZE  REMCF-740 1 LA FL 1 x 1084 F 2%
PR T 6 fLAR A, 1597 25 00 )2 A0 M T FLURS . G BRI 200 wLF%
WSk T BT R IR 4R T L B — B0 RIR . PBS
PR TR A AN A , #4252 56 4 4 KR IO Ak B A 355 5 3 7 R
RIS (0 h) K224 hist B AEE FHIME, FImage JAI &%)
IR TR AT A BE B A B B =(0 hRIJE 52 FE-24 h
JRETERE )2,

1.2.8  TranswelfRZE5L5: N FHFR Matrigel Y Transwel 125 &
PEATEEE . L2 A200 WA L F B IR -5 5x 104 1)
Y TR BT, JES R I A £ 20% FBS HY 5¢ 4 85 37 2600 Lo
HRHE St o 20 BEAT AR B A AL B, 45340 3 L o AT °C 5%
COBEFRIREE PR 48 ho Bl J5 LIPBSIE Tk , 4% 2 B H EE UE A7
A2, FFoR FA 45 SR Y R 0 3 3 () B S B R IR 4R
%, A il Image) T VEG0HHT RS T 19 44
12,9 ZNMIUETAGIN K4S LHANAE LA 1x 105 /mLAY 25 B el
T 150 A T A 40 T - 75 TC 5 400 A S5 6 FH PBS IR IRk %, 4%
ZEHEEFEZE 15 min,0.1% Triton X—-1003EEALBES min. SR
J5i 2 BETUNELZH M g8 T hsrilia0) £ i WA 43, I A TUNELS AE
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W, F37 CHEEIEF 1 h, PBSYER , DAPIEEAZ 10 min. 3 i &
FE T T ML

12.10 ZHMOEIHT A ML x 10 FL 3R 6 FLAR
RN AL, AU BE S HEA T AL B, 555248 ho BRI T AL
WAL AN, PBSTES, 1 000 r/minB540>5 min(B02E4£10 em),
3 115 . 70% UK £ FE4 CIE 317 , R H PBSTE L 1 000 1/min
BI0S min(B502EA210 em) , ILAPI/RNase e (0% , #ECIF &
30 min/& b ARSI, FlowJo 3R A543 A 451 J& 3 9 24
iU T o =

1.2.11 qPCREZTImRNAMIXTFRIAE R ATRIzol AR BUE
RNA, M6 BETTAG I RN A e BE A4l B R 3 i s
& S S UeDNA S AR RAEHG T wg B RNA 4 pL 5x
PrimeScript Buffer.1 wL PrimeScript RT Enzyme Mix.1 nL
Oligo dT Primer.1 pLBEHLS RARTI P LL J2 12 pl. RNase
Free d H,Oo i A4 : 70 CCTRAEN:S min, vK_EHGEEHI2 min;
37 CREE3-15 min, 85 CHRIG I R[S s BITIFE LG
(PTEN -F:5" —~ACCATAACCCACCACAGC -3" ;PTEN -R:5" -
CAGTTCGTCCCTTTCCAG -3 5B —actin —F:5 " —~GGCAC -
CCAGCACAATGAA-3" ; B-actin-R:5’ -TAGAAGCATTTGCG-
GTGG-3")oqPCRIZMARF :¢cDNA 2 pL, IE JZ51#(10 pmol/L.)
4504 pL,2xSYBR Premix Ex TagTMIT 10 pL,RNase Freed
HO%ME 220 pLo N 2T : 95 CHIAE 3 min; 95 CAS M
15 5,55 CiE k40 5,72 CHEM30 s, F40MFER A H F 5
KPTENFI A 2 B—actin 4" 14 M 2R g i 2k, LA2-22005 1
THEPTENAHXT A &

1.2.12 Western blottingih il (AR5 FHRIPAZLF R
A 20 M A A B, BCATR I A2 26 MR I i B kA T
SDS-PAGEHLIK A , #4 B 2 PVDF IR . 5% M HE W40 == T4 1)
1 hJa , InA—¥i4 CIFF 1% : PTEN(1:1000) .PI3K(1:1 000) .
p—PI3K(1:1 000) . Akt(1:1 000) .p—Akt(1:1 000) .mTOR(1:1
000) .p-mTOR(1:1 000) .B-actin( 1:2 000) , TBSTPLE , SHRP
Fric 30 (1:5 000) EHEIFE 1 ho TBSTUER )G , ECL& VG iR
W B SUE R G RE RS Image V5 HT B 098 A AR
Xt F-B-actin N Z: (1 K LU AH

13 %itFE sk RASPSS 2608447 G243 H7 o 11
VR L BB bR 227 R, 24 IE) EL R S R R O 22 4%
Mok Kruskal-Wallis HAGSE , PP ELECR LS D-A6 50 5 Mann -
Whitney URLHE, P<0.05 02550 it 22 8 Lo

2 % R

2.1 PTEN shRNAZ %34 EMCF-Tm i35 52 Real-
time PCRZF WK, LV-shNCA MCF-741ffi " PTEN mRNA
FIREGIEF M RA LK, ZRIERITFEL(P>0.05);5
LV-shNCAH HL 3, 5 Y« PTEN shRNA B MCF-7 41 i H PTEN
mRNAZFIEE T [488.07%( P<0.05) o Western blottingZ FilF—
HAIESE , LV-shNCZH HPTENTR [ 3R 1A 1 5 1E X B4 LA,
ZR LGB X (P>0.05); 5LV -shNC4 5, PTEN
shRNAFE L5 PTENE XK FREAR (P<0.05) o LiRAE R R
HIPTEN shRNATE 55 Y MCF-740 B (1 T BRASCR B (AL
1)

=

(B)
PTEN | S | 47kDa

Pracin | . . (D

A B C 00
00 A B C
A B C

AL B ST R4 B.LV-shNC#8 ; C.LV-shPTEN4L . 5
LV—shNCZE 4% ,*P<0.05
1 qPCR #0 Western blotting 77i&#ll PTEN BRI &M
22 FFEAA b FTPTENSURIE MCF-7 20 I3 76 Fo J
8% CCK-8EILS RN, 5IEH X AL H e, 25 [ Il
T I MCF-740 M3 78 76 1 6 B 8 A8 16 (P>0.05) , T 35 P8 AL &%
24 1M 775 4 20 B B 1 4 3 T B ( P<0.05) s LV —shNCH 5 25
P 000 975 2 40 B 3 58 T P EL A, 25 R RS R L (P>0.05) 5
LV -shNC-+45 % 75 24 1175 41 48 LV —shNCZH 40 it 384 78 I & 3%
F M ( P<0.05) ; LV —shPTEN £H 2 Ji 5 5 5 1 0 2 v T
LV-shNCZH ( P<0.05) ; 5 LV —shNC+25 3 AL 2 24 1M 35 41 Fb 4,
LV —shPTEN -+ 38 AL 7 24 1L 775 25 20 B 338 53 390 o1 4 A 55 ( P<
0.05), $#&/RPTENZ 5 T 4§ B AL THIMCT 7 4 M 34 78 ) 2o 2 5
LV -shPTEN -+ #: AL & 24 IfL ¥4 +MK2206 241 £ LV —~shPTEN + 2
PROAL B 24 003 2 A4 4 % P AR ( P<0.05 ), U BH 48 B AL 1T
fig 38 1 PTEN# il PI3K/A ki 6 117 & # 5T MCF -7 41 i 3 58 7Y
BN (L E2)

PTENZE [ HIX ik

PTEN mRNAHIXf 225

a

a

oD i

A B C D E F G H

EAEFARABEGRFECHENSL hFM,
D.LV-shNCZE; E.LV-shNC+3# 3 42 o 75 20 ; F.LV-shPTEN
20 ;G.LV—shPTEN+ 3 3 #4825 oo % 20 ; HLV-shPTEN + 3 3
HAth fn F +MK220620 , 5 B 2 R AL AL, °P<0.05; 5
LV-shNC#L L3 ,"P<0.05; 5 LV-shNC+# 3425 b 720
YA, P<0.055 5 LV-shPTEN+3 3 HuA- 25 fo 7 20648, 1P<0.05

B2 FEASHMEX PTEN BB/ MCF-7 45

ETEERIRN  (xs,n=6)

SETEIE RS IR 45 R R, 5 IEH X R4 A, &5 A Ui v
ZHMCF-740 M SE V% T2 i 8 71 JC B2 U728 (P>0.05) , T 44 i AL
2 I A A A VR Y R BE ) S R ( P<0.05 ) s LV —shNC
20 578 UM A SRS AL, ZZ RG2S (P>0.05);
LV—shNC-+44 # L7 24 075 41 B LV —shNC A 4E 75 TV 1 P 9
/B (P<0.05) ; LV-shPTENZH SE¥5 B0 I i 22 F LV -shNCAL ( P<
0.05);LV—shPTEN + 44 3 AL & 25 V5 LV B I i 2 T
LV —-shNC+%8 # AL 2 25 1L 7% 41 ( P<0.05) , T LV —shPTEN + 4 4
AU 2 LT +MK22064H 45 LV —sh PTEN-+58 ¥ L 2 24 1L 75 2H 46
T IE B 0 (P<0.05) , FRRIIESE T PTEN-PI3K/Aktfli 75
B FLIHIMCF =740 R 5 b i B (WLIE3 )
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EALER AR BE G A CLH R A T A
D.LV-shNC 4L ;E.LV—shNC+ # 3 #L 4" 25 fo 3 40 ; F.LV —sh—
PTENZL ; G.LV-shPTEN+3 3 404+ 25 oo 75 40 ; H.LV —shPTEN+
R S A2 K +MK220640 . 5 iE 7 5 BB AL 42 ,°P<0.05; 5
LV-shNCZLI %5, P<0.05; 5 LV-shNC+3) 3 A4 25 s 7 40 0L
32,°P<0.05; 51LV-shPTEN+# 3825 d A 281042, 1P<0.05

3 FEASHMER PTEN SUBUE MCF-7 458

EER A EETHIRIE

23 FFEAA S b FPTENSURIE MCF-7 40 Ji15 & 4545 At
ey Fn RIRLRSRER, 5IEF X RA R, 2 H i
T MCF-740 ML B 58 71 JCHH 284k (P>0.05 ), T 4 AL &
24 1M 75 4 AN AT R e ) B B 32 B0 ] ( P<0.05 ) s LV —shNCZH
FBRSSHMBALE, ZRLEHEIHT#EL(P>0.05);
LV—shPTENZH 4l i iF %5 38 i 2 = T LV —shNCZ ( P<0.05) ;
LV-shNC+45 B & 245 MG HIE B LT LV-shNCAL(P<0.05 ) ;
LV-shPTEN-+Z AL S 25 MU E A ANMLT RS 5 B 255 T LV-shNC+
54 18 FL B 25 M A (P<0.05 ) ; LV -shPTEN-+24 # AL 25 24 1L 7 +
MK2206 41 # LV -shPTEN+ 44 3 AL 7 2 L& 4L T B 58 1 T %
(P<0.05)-(W.[#l4)

Transwel/NE SLE 45 WK, 25 H MLIE 4 MCF-741 g /Y
1RFERE 1 5 1E % % A U, 22 B eS8 2= L (P>0.05) , 1
25 B WEAL S LG M AL TR , 40 4 1R 22 Ak 1 W B 25 1
(P<0.05); LV-shNCHZZERE 1 525 HIMIEH L, 25 T4
P12 L (P>0.05) ; LV—shPTENZH AN i R B T 3LV —shNC
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