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TEE: BRI R AT IR = 052806 i 27-P-F B EHE- 12 KR (27-P-CAUA ) X FLARE A0 e sl i FE R AL . T3 3%
27-P-CAUA Kb HCC-1806 41l fitd 24 .48 .72 hJ&7 , CCK-8 A HCC-1806 4H LA 3¢ ; S5 e FEVEAGI 27-P-CAUA XTI
SR FH 5 TC- RS DN 2 Ay A4 IS HRL 437 A2 5 3 e AT M AR A0 40 A T 155 L 5 R G2 ¢ S S C-Caspase-3 P62 ik 5 s Tl
REFRJ , Western blot Wi4¢ 27-P-CAUA % LC3I/11,P62 L N HER2 {5 51 B A [T 54N . £55R CCK-8 FIAEVX vifiesl i on , b
% 2R PRSI R [R] ZE 1, 27-P-CAUA X HCC-1806 LI 41 A A1 i/ HIZ ik (P<0.01) , 24 .48 .72 h B 1C, {EL43 51k
83.671.49.479.19.578 pmol/L ; JC-1 K45 5 i/ , SoRiAA BB i A7 i 1] $ik (P<0.01) s T A AR S5 R /s, 27-P-CAUA ] 5 %
M % AR TR T, AR MR R T H R BN 3.34% 5 P DSOS SR B, C-Caspase-3 ik a5, 2 E A T, 40 pmol /L 27-P-
CAUA BE i 3575 S 41 JH 1 (P<0.01) . Western blot FIANAE G2 Y625 5 7R , 27-P-CAUA BE{IL LC3L 3k, S P62 [, 15
AR ZAERALHE ,27-P-CAUA 5 BRI B0 . IAh,27-P-CAUA AT AHAE A Her2 M AKT & H H9BERRAL,
AP 9 Her2 DL K BER AL AKT 2 A 228 2 #8/0 (P<0.01) . 58 27-P-CAUA nl il il HER2/PI3K/AKT {5 53l i , 7 il
HCC-1806 4185 , 75 T4 S L Lo A F WA T

4237 : HCC-1806 4 fitd ; 27-P-CAUA ; HER2 ; ZH I T ; 2ok fs [ W

27-P-CAUA induces apoptosis and mitochondrial autophagy in breast cancer cells by

inhibiting HER2/PI3K/AKT signaling pathway

HUANG Chao, WANG Hongting, WANG Cungin
School of Pharmacy, Wannan Medical College, Wuhu 241002, China

Abstract: Objective To investigate the inhibitory effect of 27-P-coumayl-ursolic acid (27-P-CAUA), the active ingredient in
triterpenoids from the leaves of Ilex latifolia Thunb, against breast cancer cells and explore the underlying mechanism.
Methods CCK-8 assay was used to assess the changes in viability of breast cancer HCC-1806 cells after 27-P-CAUA treatment
for 24, 48, or 72 h. The inhibitory effect of 27-P-CAUA on proliferation of the cells was determined by clonogenic assay. JC-1
was used to detect the changes in mitochondrial membrane potential and flow cytometry was performed for analyzing cell
apoptosis following 27-P-CAUA treatment. Immunofluorescence assay was used to observe the expression of cl-caspase-3 and
P62 in the treated cells. Western blotting was performed to observe the effect of 27-P-CAUA and chloroquine pretreatment on
the expressions of LC3I/II,P62 and HER2 signaling pathway proteins in the cells. Results The results of CCK-8 and clonogenic
assays showed that 27-P-CAUA treatment significantly inhibited the proliferation of HCC-1806 cells (P<0.01) with IC,, values
of 81.473, 48.392 and 18.467 pumol/L at 24, 48, and 72 h, respectively. 27-P-CAUA treatment also caused obvious changes in
mitochondrial membrane potential (P<0.01) and induced cell apoptosis in HCC-1806 cells with a 3.34% increase of the early
apoptosis rate. Immunofluorescence assay revealed a significant increase of cl-caspase3 expression in 27-P-CAUA-treated
HCC-1806 cells, and treatment with 40 umol/L 27-P-CAUA resulted in significant cell apoptosis (P<0.01). 27-P-CAUA
obviously reduced the expression of LC3II, caused P62 degradation and induced autophagy in HCC-1806 cells. Chloroquine
pretreatment obviously blocked the autophagy-inducing effect of 27-P-CAUA. 27-P-CAUA treatment also inhibited the
phosphorylation of HER2 and AKT proteins and progressively lowered the expressions of HER2 and phosphorylated AKT
protein in HCC-1806 cells (P<0.01). Conclusion 27-P-CAUA can inhibit the proliferation and induce mitochondrial autophagy
and apoptosis of HCC-1806 cells by inhibiting the HER2/PI3K/AKT signaling pathway.
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W7 I HIAT T BRI RS, R 27-P-F
Mk 3 2 R R (27-P-CAUA) X A FLIRIE MDA-MB-231
YR R RAmEIE RS . HETE NSNSz G 2
BT T IR AT D . AT A HAAFSE & 30 2 7-P-
CAUA X P 28 7l 4 2% 78 A ZL IR 98 41 e MDA-MB-
468 F1 HHCC-18065 752 45 L 11 401 i
Fi, IF WL 8K 5] 27-P-CAUA J& — Fh 43 1 45 ¥ 45 5k 19
EGFR i Z PRI B H 750 . HER2 J& T3 f A K K7
FIEW L, R AN RE S EIARLE &, W 5 HAD S
BB K, 05 PIBK/AK T (E 5%, PI3BK/AK T
A ) SR O 2B R 2R TR S s R, R
JIEE AR M BE AT AW SR A e R BN
FUIE > T s i HER2 BHMEFR 3 IR R = 2R
M Z BRI TIRYTY o EHT T RIRZYIARIR /N3
TFAMHIFIAE HER2 PR ZURR I B A I RIS 8 , i
ARG L) 27-P-CAUA AWFFEXS G2, WA HLAE Rk 32 28
EGFR-/HER2+ A FLARS HCC-1806 2 it H (1) 14 5 4 )
YER, LA BB i #8 1) HER2/PI3K/AKT {5538 B R A
FLARIEE HCC-1806 4N PH T A HE L (4 [ Wk, MiG)T
HER2 PP 3L 8 28 5 I R 25 W i I A SR T i Bl 2
A

1 #HRFR T i%
1.1 Zmie & 53X A

HCC-1806 #fi }fi #% , MDA-MB-468 4l ifi tk ( 1 ]
Bl 22 B I A oy BE 2= 055 BT 40 % ) o 27-P-
Coumaroyloxyursolic acid ( I ¥y == R A R
) ; L-15 5552 2R RPMI 1640 153756 (A T AL TR
IR A BRA F]) 5 BRI A (B = KA IR
W98 Fr) 5 6 4 ML 7 (Thermo Fisher) ; PVDF i
(Immobilon) ; BCA & H & i if il & (G = RAEYH AR
52T ) s EGF Receptor (D38B1) XP Rabbit mAb HT{A
(CST) ; it 4% 2% 1 Ladder (Thermo Fisher) ; Cleaved
Caspase-3 (5A1E) Rabbit mAb (CST) ; LC3A/B
(D3U4C) XP Rabbit mAb i 14 (CST) ; HER2/ErbB2
(D8F12) XP Rabbit mAb 4 /& (CST) ; SQSTM1/P62
Rabbit mAb(Abclonal) ; CCK-8i3| £ (Biomiky) ; JC-1
o R & (3 = KA YR BF5E ) 5 Pan-AKT
Rabbit mAb(Abclonal) ; Phos-pho-Akt (Ser473) (D9E)
XP Rabbit mAb(CST) ; CoraLite®488-Conjugated Beta
Tubulin Antibody  (Proteintech)
CoraLite594-conjugated  Goat  Anti-Mouse  IgG
(Proteintech) ; 11 =F $ ¢ igG (Biomiky) ; GAPDH
(14C10 ) Rabbit mAb (CST) ; Anti-rabbit igG, HRP-
linked Antibody(CST).

Monoclonal

1.2 EIALE

CO, 15 ##4f (JC-CHP-160Q) ; i 1 T H L VK 34 &
(Bio-Rad) ; [ #» fX (Thermo) ; i =X 40 My ¥
(FACSVerse) ; TR HE{X (Mixer-OM 1) ; I 88 4= i 3%
B5(TCS SP8) ;B :HL(GE, Amersham Imager600) .
1.3 £k
1.3.1 HCC-1806 zaf.3%#~  HUHCC-1806 A\ FLARJ=4H
JEIA % 10% Jif 48 10035 79 RPMI 1640 85 57 5L | &
37 °C,5% COBEFAAT ISR, B 2 d e 1 IR 5L i
LB 80% Rl IS SRR AR ARRE I
1.3.2 CCK-8 Zaftn & F4ml B HCC-1806 4427
T 96 L, 7x10° 4L, B THIE 37 CHFAE IR A F
HHMNGRERS , i A LR, o B 27-P-CAUA
(10.20.40.60.80 pmol/L) , 5L H] 5 (40 pmol/L) LA f2
27-P-CAUA (40 umol/L) 5 & B A 1 RPIM 1640 15
FE A SR AL IR E S O BB TERE A Ak
SRR 24 48,72 h5 , BEFLINA CCK-8 ¥ 10 uL, jik
BTSN E 2 h, B0 E 450 nm, R i1
TSGR A, BRI 3K, HHEAR:
A2 (%) =(A o/ A ) < 100%
1.3.3 &% Lkmppsgsibm B HCC-1806 4%
FhF 6 FLAR T, Sx10° AL, ARG RE 5 , S IR 500, 0
ARG F U ol £ 45 27-P-CAUA(20,40,60 pmol/L)
1) T B 5% 5 W, T ELZ T Sy (R BR R 5 A 27-P-
CAUA [ 55520, PR AR T 37 "CRE SR AR Ak L
B3t 2 dJEBERBRIGSROITE FH I8 PBS T UE 2 1K, 4K
JE A Z 5 H R | T8 7E-20 “CukAR 10 min J5 A
g5 EIRBCE 10 min, 2R 5 FHNERKIEVE, 2= IR
ETERERE . SCIEE 3K,
1.3.4 e A5 B HCC-1806 AT 6 4L
M, 2x 10° AL, Fr 4T 15 3540 rh I BE 4T, 7225 fLr
FEFEUL P A s S0 45 5 27-P-CAUA(20.,40,
60 wmol/L ) AT 15 FR U, o REZH B 48 g [ AR AR A AN &5
A 27-P-CAUA WGBS 55370, , R A0 T 37 “CHs
FAUREEREFR, 24 h S B BB R
1.3.5 JC-1 ZAR BB tm] FF HCC-1806 i iRh
F6fLARH, 2% 10°FL , RN MG EE 5 | et JFE SR e
AN R FE R ek 574 27-P-CAUA(20,40.60 pmol/L)
1) T B 5% 5 W, 0T A2 S 4 Ry (R R 5 27-P-
CAUA B B5 50, PR A T 37 "CRE AR 4kt
Fi9% 24 h, 53 R AL FRIBO T HI TV PBS BRI PEIR,
JIA 1 mLJC-1 o8 TARM, seorIR AT . Al s FR4a
37 ‘CIFF 20 min. 7EI A W], #2841 mLIC-1 461
GEP (5) A 4 mL 288K B9 HLA), Bl 10 mL s i
1Y IC-1 A28 v (1x) , JFICE Tkt . 37 CIFR 45
B, W S, F JC-1 Yo 28 vhif (1<) PR 29K
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T 2 mL AHARESE FR, (8 PO SR AR B s s
RN R A e M = B S 7 YA N AR VA U] 3§
IR AR LSS R DL e
1.3.6 AX R A —in  F HCC-1806 4%
FiF 6 FLA P, 2x 10741, & F 37 CIE 340 b , A BE
J& 3 SRR IR U, W A0 8 SRR 4N 5 27-P-
CAUA(20,40,60 pmol/L) [ 8 55 F2 9, XiF HR 41 o 46
FFATRE A& A 27-P-CAUA FFHEER: F7I6 , TR 40
MU T 37 CHFRFAR SR 24 hm , H 0.25% IR
FIf (AN EDTA)H IS 40 MR, TR PBS B0k
3R, BRI 1 500 L (%) Binding Buffer H 24 fifg
JIAS uL Annexin V-FITC {2JJ5 , LA 5 L Propidium
Todide, I, i DGRV 10 mins 76 1 h L, #E173K
A ARSI, SIE 50 T AT 3 UK
1.3.7 % 9% % & % # M C-Caspase-3.P62 & & ¥
HCC-1806 Al #7024 fLAk 1, 1x10%4L, & F 37 C
B RNV BE S, 4w U SRR K ARG R
Wk & 27-P-CAUA (20, 40 pmol/L) A4 37 ff 1% 37
T, X HRZH S 4k R R AN A 27-P-CAUA [ 37
FIRW, PR AN E T 37 R RS SR 24 W L FE
FALH R IR PBS P 31K, 5 min/ik , ITA 4%
F 2 IR IR 15 min, FEH PBS PB4 3 1K, 5 min/ik,
L2 17 2= IR FE R EL AT 1 h, 1:400 #i B C-Caspase-3,
1: 100 F5 B P62, 4:FLANA 100 pL—H1 4 “CIFF 1, 9]
Iz C-Caspase-3 FI P62 4114, 1] PBS PEi% 37K, 5 min/ik,
FHIA C-Caspase-3 i FL LA 488, 1: 200 i B, BN
A P62 HFL BN A 594, 1: 200 % &, LA 100 pLAL —
P, FIECRER 2 h, 4k2: FH PBS 814 3 YK, S min/ik,
JIA DAPIZ4# 10 min, FH PBS-T E74 37K, 5 min/ik )5
SR ORI S EH A 29K,
1.3.8 Western blot HCC-1806 40 is b T 6 LA, 2>
ZH 1% I Con-trol 41 . 27-P-CAUA (40 pmol/L) | 54 %
(40 umol/L) 2 27-P-CAUA (40 umol/L) FI5 Bk & .
Tor A NG BE S5, 33t JE 5 S, 4 240 L 55 5 W T 4 Ry
A 27-P-CAUA (40 umol/L ) ()58 ff 55 52 . &5 A &
M (40 pmol/L) Y BT & 3% 35 W L) Je & A 27-P-CAUA
(40 pmol/L) FIE % (40 pmol/L) BYFT B EE IR, X B4
A AT A &G 27-P-CAUA G M A e s 7
W, PRI T 37 CHEFARAR ST 7. 29I 24 h,
WCHE AR AT RIPA 22 , vK L 24#% 20 min, 4 “CAI%
JEEOHL13 000 t/mim 2.0 15 min, $EHUE (7, (#
FABCA LT I &, IS HE A BT, £4
B30 ng £ 111, SDS-PAGE HLJk , SR J5 % 6 8 PVDF i,
1 FH 5% M i 25 9335 4] 3 hs TBST BB 3 ¥C, 5 min/ik
4 C—PUE i, — Pk B L 134 8 1: 1000, TBST
VEIE 3K 00 P E 2 h, P B L4 1: 2000,

TBST VLR 3 U ECLIRH & A0t Wi , A HBER R &
GRS . Tmage Tl e 45 b A 454 K BE A, LA H
455 5 GAPDH K EEAE I HLAEAE R B B8 A XS
FKikit,
1.4 %it ook

K H GraphPad prism8.0 %R {4 % 55 46 28 SR ik 4743
BT B LIS AR 22 30R SR R 2 T 22 0k 4
A 2E 5, P<0.05 A2 R BA G R L.

2 H#R
2.1 27-P-CAUA #p#| HCC-1806 41 L3 74

CCK-845 R b7 , [ 24 WUk B 15 A [ B4
27-P-CAUA %} HCC-1806 4 Jifd (1) 410 1 V5 ] 12 1457 44 56
(K 1A),24.48.72 h 1Y IC,, fH 4351 4 83.671.,49.479
19.578 pmol/L. #E7% FifE S In s, R /R, 27-P-CAUA
SRR PRI ETE R R (B 1B) . i {5 &
TSR 25T 27-P-CAUA 2520 4 s X8 25 Fns 1
550 HE 2R LU 35 R BN [ B 19 25 4k, 27-P-CAUA 1]
AT 200 6 25 4 n ), BT o' B A, S VR 40 A B S B
(K1C).
2.2 27-P-CAUA # 3 HCC-1806 2 it /A T

JC-1 55 R, 45T 40 .60 pmol/L 27-P-CAUA 4b
PRANM, 550 FRZH AR L, 20 N 2T e il 2
PEIGHBE N (EI2A) o i CARBRAAS U 41 A L
LEARHE N 3.34% , GeBE o GRS S s, 40 pmol /L
27-P-CAUA fig i Ei5 41 1-(P<0.01,/812C.D).,
2.3 27-P-CAUA 4% HCC-1806 2m it 2k ¥tk B vk

A METRALFRAA M 4 h 5, CCK-8 Kl 45 1 R, 5
X REZH AP 27-P-CAUA (40,60 pmol/L) A Lt , 27-P-
CAUA XA %M 21 20 I A7 16 I (P<0.01, E 3A) .
27-P-CAUAfEiE LC3VIT I AR, LC31 5 LC311 ik
P o PR G O R B, S0 T BELIST LC31 ) LC3IT
(AL, S s ELAT I AR W R

P-CAUA Bt A G 41 LC3T 4%, i 7R 27-P-
CAUAIF FIZRLAR A Wi nT g4 [ Wi il 51 s i (]
3B). b Estas ;R ,27-P-CAUA(40 pmol/L)
2 P62 2 H/KF-B R RFIK (K1 3D) , 4l A Wik g Hh P62
PR
2.4 27-P-CAUA #94) HER2/PI3K/AKT 4% 5 i #%-AF A

Western blot 4t 5 il /v, HCC-1806““* i %5 27 -
P-CAUAEERIIE N, A N 1 HER2 LA Kz fb AKT
EAFRIRZWR D, SX R 22 55 B uF R L (P<
0.05, K 4) ., 25% WoR,27-P-CAUA 1T DL 1 #1f 41
HER2/PI3K/AKT {5553 i , #1 il HCC-1806 2 i (1) 1%
B, 75T AR K A R AR W RN R T, A S
s,
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Fig.1 Inhibitory effects of 27-P-CAUA on HCC-1806 cells. A: CCK-8 assay; B: Clonogenic assay; 1: Control; 2: 27-P-CAUA
(20 umol/L); 3: 27-P-CAUA (40 pmol/L); 4: 27-P-CAUA (60 umol/L); C: Morphological changes of HCC1806 cells. *P<0.01 vs

control.

3 g

HER2 J& T ErbB SZ AR i 1 — B, 1 K I A 4
EGFR (ErbB1) , Her2 (ErbB2) , Her3 (ErbB3) #11 Her4
(ErbB4)"™, AL A {AF5% & B 27-P-CAUA X}
W2 A R 9 A L e 20 B MD A -MB-46 8“0 1Rz
FITHCC-1806" "4 AT DI VE T, H &5
27-P-CAUA J&—FI /3T 45 FFIA ) EGFR & 2 IR it
IR, ABFFEE 3 CCK-8 FIAEVE va it Aari] 27-P-
CAUA Xf HCC-1806" > 211 it 4% % 411 il (1) 52 M)
CCK-8 5245 B W] 27-P- CAUA ] 5 If [] Fl A A
PRI HCC-1806 ARG HH , £ 7% va i 5L a2
JFH 27-P-CAUA 244 A0 e T 25 A8 B f
AIANARZESE , FreHen, B A i Wb 2 i 4, 1
27-P-CAUA 5 HCC-1806 ™ PR A s T

YRR P RSO T B FR AR T A A,
IR AL B P A B R 2k
W T W R RS R  3E BE LR AR [ T L4
Bt oo NRaZs (B Y LRRA [ Wi BEOm I, 25 8
M2 TC R AR T REHEAT IR A0 3, R & S 2Tt
T GRiiAR A W AR A7 R o R B 2k
& sequestosome 1 (SQSTM 1/p62) A AH G2 11 45 4%
3I(LCIIDIE AR FI Mg IMAR, i I I MA S5 2 AR , it
38 328 [ e AR AR A 720 5 R AR 1) R A T P

FIR™ . LC3IH AR AW AR 258 , e 819 i
AR AR R R E EEAERY . AR kI
AR AR L, 27-P-CAUA 4 0] 40N [ EbRic
B LC3I W Fek , Pl P62 /11, 3] 27-P-CAUA 7]
VAN LR F 2 A o T FH 1 AT o ) S i
ALFRARAD 4 b B2 K A n] 305 27-P-CAUA &
AL AW TR KA i — AU 27-P-CAUA i
1S HCC-1806 41 & A= 2R ki [ W S 3 4N sET .
YRR TR AN AZ ZFh R R AR AT R
MUARZE R IE B DIRERY LT F-BE™ . Caspases i Z 5 1E
2 M 8 T R AR A T AT B9 PE T, Caspase-3 J&
Caspases ZX & 14 i 85 A, J& 40 08 7= FC1E 19 S5 ife
F Annex-inV-PT XYL i X 41 ARSI & X 27-P-
CAUA fi2F HCC-1806 i i T H 2 ARkt . 2k
LA R R (57 A DN 2 IR A A BB L A7 B S 2 . A A
PEYENIMT R IR 27-P-CAUA F:ELHCC-1806 411547
Y Caspase-3 3¢ ik ¥4 il , # 75 27-P-CAUA il i 15 5
HCC-1806 4HLH T S E At

PI3K/AKT i 5% Wi 45 2 150 il AT 40 A )
HRGTE A PP A S Bl AEJE T A AR T E
YER™  HER2/PI3K/AKT {5 538 B% I AT LA il 44
LW PrAna T k25 T % 27-P-CAUA 5
FHCC-1806 4t e A= kiR B W FAnJA T 53FHIL
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Fig.2 27-P-CAUA induces apoptosis in HCC1806 cells. A: Effect of 27-P-CAUA on mitochondrial membrane potential of the cells. B
Bar graph of changes in mitochondrial membrane potential. C: Flow cytometry of the cells with different treatments. D: C-caspase-3

immunofluorescence graph and bar graph.
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Fig.3 Inhibition of autophagy enhances the sensitivity of HCC-1806 cells to 27-P-CAUA. A: CCK-8 assay of the
cells incubated with 27-P-CAUA (40 and 60 pmol/L) for 24 h with or without pretreatment with CQ for 4 h. B:
Western blot analysis. C: LC3A/B and P62 protein expression bar graph. D: P62 protein immunofluorescence

graph and bar graph.

WATHEIE T A R e J& 27-P-CAUA Xf Her2, AKT, p-
AKT [ 355200 , 45 59 % B 27-P-CAUA S 5040 g N
Her2 Fll p-AKT & FI/K-F-REAIG, #ED 27-P-CAUA AT figif
1M HER2/PI3K/AKT {5 S s R A5 VE ] .
27-P-CAUA Jy KR 25 vh 73 B A5 2 TG MR o3

HA S RURF R AL, BATE NSNS G P2 #40 1H
RIS EEAT HE , 1T ELAR /D X Rk SR B BIR 7L B
Jei HCC-1806 41 Jifd J7 1] A AfF 55, AR S 56 LA 27-P-
CAUA WIFFEXT 4, iﬁﬁ,ﬂ#%ﬁﬂ@%ﬂk%#ﬁﬂﬂ%ﬁ

HCC-1806 £l fg i T RN A4 A W AT 9% , 245 5 3¢ B
27-P-CAUA H] L) o #1) ] HER2/PI3K/AKT 15 5 i
%, M HCC-1806 41 At i3 5 , 1755 41 M kA= 2 b Ak
H ISR T, SR ,27-P-CAUA i S HCC-1806 4
& A SR F v S PR T Z R DI o R ik —25
I ARSI A B AL 5 27-P-CAUA BLFLIRE Y
VEFIRILH , oL 25 BRI A B (L S i, e
TRFANWZLIIER BRI TR AL 1Y ok
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