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o OE.HN] EWRAERE N BRI (black garlic extract, BGE) XF A FL I % 41 e /-7 (human
breast cancer cell line-7, MCF-7) 4= & (¥ 52 W, I iF — 25 B80T AR FH AL . [ 7 ik ] 38 3 g A o mae il vk
(methyl thiazolyl tetrazolium , MTT) ,5-75¢ i 4 /K W% BE % H (bromo-deoxyuridine, BrDU) i & ) AS [] i &
(25.50.,100 mg/mL)BGE *I F ZL i 425 4t i 38 58 (4 52 Mol o 107 FH 9 20 48 R (Annexin V -FITC/PL 33 €475 )
AN 5] e B2 BGE S 2L IR 88 40 M 08 T 9 s i, o7 HH 2K 19 5 BN 30 325 (Western blot ) 6 i 3l JI ok AL B2 3-
P (phosphoinositide 3-kinase, PI3K) \p-PI3K #& FH #  B(Akt) .p-Akt T FL 39 & 2 R #8 H (mam-
malian target of rapamycin, mTOR) .p-mTOR & F /335 o N1 SPSS 26 #4347 B K R Iy 22 43 9 .
[Z5 0] MIT &5 £0, 2 RFEWE BGE 1E )5 ,24 h BGE 25.50.100 mg/mL ¢ 5 44 41 fitd 38 7t %
(64.14%+1.52% ,56.06%+3.12% ,53.39%+1.62% ) ik T XF B 241 (71.79%+2.73% ) (P<0.01) ,48 h 255 41 4
it 458 5 >R (81.23%+3.45% ,74.71%+3.58% ,69.42%+2.06% ) 1% T X} & 4H (89.28%+1.44% ) (P<0.01),72 h
S8 2 A0 M 1 A R (87.38%+3.65% ,82.96% +8.46% ,76.69%+6.60% ) 1K T XF B 41 (95.12%+3.98% )
(P<0.01), ¥t =X 40 i AR A5 % B BGE 25,50 100 mg/mL SZ 50 L AN I T2 (9.57%+0.97% ,15.23%=+
1.21%,17.42%+1.89% ) = F % B 21 (5.53%+0.52% ) (P<0.01), Western blot 1548 I % B 5% 46 241 # 2 1k
5 PI3K Akt 5 mTOR 2K [ 149 % 15 5 4 SRR EL 332 B (P $9<0.01) . [458 ] BGE b0 9 40 it
S BHAT AR T, ek O T R AR T, AR L T RE 5 PI3K/AKY/mTOR 3 #%AH G

F AR R B U 5 L R A A R
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Black Garlic Extract Promotes Apoptosis in Breast Cancer Cells

Through PI3K/Akt/mTOR Pathway

YANG Qiwei', HUANG Congling', LI Fang?, AN Ran®, JIA Guohui*, LIU Rui’
(1. Inner Mongolia Medical University Third Clinical Medical College , Baotou 014010, China;
2. The Third Affiliated Hospital of Inner Mongolia Medical University, Baotou 014010, China;
3. School of Life Sciences, Inner Mongolia University, Hohhot 010021, China)

Abstract: [Objective ] To investigate the effects and mechanism of black garlic extract (BGE) on the growth
of human breast cancer cells. [Methods] Human breast cancer MCF-7 cells were treated with BGE at con-
centration of 25,50 and 100 mg/mL, respectively. The proliferation and apoptosis of MCF-7 cells were de-
tected by MTT, BrDU and flow cytometry (Annexin V-FITC/PI double staining) methods, respectively. The
expression of phosphoinositide 3-kinase (PI3K), p-PI3K, protein kinase B (Akt), p-Akt, mammalian target of
rapamycin (mTOR), and p-mTOR was detected by Western blot. One-way analysis of variance (ANOVA test)
was applied with SPSS 26 software. [Results] MTT assay showed that the proliferation rate MCF-7 cells
treated with BGE (25, 50 and 100 mg/mL) was lower than that of the control group (for 24 h: 64.14%=+1.52%,
56.06%=+3.12% and 53.39%+x1.62% vs 71.79%+2.73%, P<0.01; for 48 h: 81.23%=+3.45%,74.71%=+3.58%
and 69.42%+2.06% vs 89.28%+1.44% , P<0.01; for 72 h: 87.38%+3.65% ,82.96%+8.46% and 76.69%+
6.60% vs 95.12%+3.98% , P<0.01). Flow cytometry showed that the apoptosis rate of the BGE groups was
higher than that of the control group (for 48 h: 9.57%+0.97% , 15.23%+1.21% and 17.42%+1.89% vs
5.53%+0.52%, P<0.01). Western blot showed that expression of phosphorylated PI3K, Akt and mTOR pro-
teins in the BGE groups were all inhibited compared with the control group (all P<0.01). [Conclusion] BGE
may inhibit proliferation and promote apoptosis of breast cancer cell through the PI3K/Akt/mTOR pathway.
Subject words: black garlic extract; breast cancer cells; proliferation; apoptosis
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PR K GRZE 60 °Crm il M58 T B, He &
WAL G, BN S8 5k bt 22 (s-allyl-L-cysteine,
SAC), M N 2 4k ¥ (diallyl disulfide, DADS)
& MBELG K R O HEA R A
b A IE T L ST AR = R R s S 2 F
Ak W ] L) i 22 B A8 ok ke HE B o AR R B
PI3K/Akt/mTOR {55 3 % 2 52 e [ s 240 Jf A= < i) —
AFEEAN, TS S ZROE M M 0 & R R ik
JrAH 51007 FLIR R T PI3K/Akt/mTOR 15 53 #% 7 i
FOCHAE  JFS 51 Ak GER R A
AR, V2 IO e R OB T2 B 4 S5 R R AL
N AIFFERG R ICY) (black garlic extract, BGE)
YERF AFLIRIE A -7 (human breast cancer cell
line-7 ,MCF-7) 4t 1, 53 Afr Ho Xk MCF-7 4 i 3% 5 LA S
JHT-RSZ e IF RGN, o 5 IR iRk 5 2%

1 #ME5EE

1.1 & ®

BARB I H BT RHAE D RHCA R A R AFL
Ji 95 4 M Ak MCF-7 1 v FERE 2 6 40 BE 2 5 o ol 45
F7% (HG-DMEM) 4 [ 22 [ Hyclone 237 (SH30243) ;
Jif 4= 1L 3% W H 3% [ Gibeo 23 7] (A4192101) ; PI3K
(bs-10657R) .p-PI3K (bs-6417R)—4t 4 [ /1 [H Bioss
Antiibodies 23 7] , Akt (AA326) . p- Akt (AA329) .
mTOR (AF1648) .p-mTOR (AF5869) — it 1 H ' [
Beyotime /7] ,GAPDH (ab8245) — #4114 F Abcam 23
Al AESTR Zht SR =50 B 55 [ Abeam
/A7) (ab150077 ,ab150113) ,

V52 75 5 1 MCF-7 40 g ] 58 4 85 9 B B 3R T
37 C.5% CO, HI M (L —fE R A R
Al A0 A K B0 B R AT A0 AL O TR 2k
SR KRR AR T 0.9% 8 BER K p (i Lk
B4 25.50.,100 mg/mL,
1.2 /5 %
1.2.1  w&vd 3k 5-38 L AR v A 3 AR e e
i1

1 20w LA R AL 5x10° 280 F 96 FL AR , 75 40 fifd
W BE J 43 0] 1 B X R I A B 3R 3 | SEae A in A
BGE, #7350 25.50,100 mg/mL, 735 T 4 25
24 h 48 h.72 h JE&EALINA 20 pL MTT i, WE
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4 h Jg A 150 wl. DMSO # K ¢ 6 3% 3% 10min, fif
FrAY 570 nm(ZE[E BioTek 2 7)) 4L OD {8 , 1154
2 38 %

HE 40 M LA L 1x10° SRR T 24 FLAR, A 5-
TR 48 PR W5 WE A% 1F (bromo-deoxyuridine , BrDU ) i 5
1 37 CHEIE T HRIC 24 h, 4% PFA [E 24108, BrDU/
DAPI S A, T2 W s ™ g€
1.2.2 A& X 2000 KA an je 08— F

A LB AL 5x10° #8016 AL, WRE S
BV BRI A TR0 SEgR M A BGE 4031 48 h,
1 200 r/min &0 5 min, WEAM . A Annexin V-
FITC F1 PI 4% (Beyotime) , it Y& % & 20 min, H
Flowjo 4 v10.6 XF Y& € J 1) 4 i it 47 9t = 48 Al A
B
1.2.3  Western blot # M PI3K/Akt/mTOR i % 45 %
ER=F &

W A0 AN T 6 FLAR T, FE DT B4 i A B
FREE IESLI A I A5 AbFE 48 h, BCA 1A & 2K
I L 20 54 109% 11 6% SDS-PAGE EEfiE 60 V
120 min 47 B 7Kk ,350 mA 45 min 175505 5%
Jii BE 4% by B B ok 7%, PIBK —#¢ (1:800), Akt — 47t
(1:1 000),mTOR —4& (1:1 000),GAPDH — #i
(1:10 000) %= #&F2 R F 2 h, TBST A% 30 min, —
Pt (1:10 000) Z W #5 R BE & 2 h, TBST Ve | i H
b2z B 52, K EE (A Tmage J 3K/ 0T . BT
AR ER 3K,

1.3 SitZhbiE

N SPSS 26.0 e it 8 Ak it A7 8l o, 4 2R
KV A 4R E 22 (vxs) KR, 2 41 0] LL B AT I
ZOMT, K IE] 22 5 Tukey tests #2856, P<0.05
ZREGIHE L,

2 & R

2.1 BGE %t MCF-7 28 ff1 3% 58 (9 54 i

¥ BGE 25.50.100 mg/mL {1 T MCF-7 41 g
Jei , 50T BT AH L, 24 b S5 2H 40 Jif 3G 5 R (64.14%
+1.52%,56.06%+3.12% ,53.39%+1.62% ) ik T %} 1A £
(71.79%+2.73% ) (F=47.421,P<0.01) ,48 h 56 2H 41 ity
1 5 % (81.23% +3.45% ,74.71% +3.58% ,69.42% +
2.06%) KT Xt R4 (89.28%+1.44% ) (F=187.148,
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P<0.01),72 h 5 5 20 20 ff 3% 58 %
(87.38%+3.65% ,82.96%+8.46%
76.69%=6.60% )% T X} B 20 (95.12%
+3.98% ) (F=25.346,P<0.01) (Figure
1), BGE fE ] 48 h J5 ,MCF-7 41 }itt
BrDU P 2 [ 5 245 40 vk i 3 Jonn iy 12
W s, O B AR T X R (F=
31.463,P<0.01), 3 W] MCF-7 4 1 384
5% 3] BGE il (Figure 1B),
2.2 BGE ¥ MCF-7 4Rt 1= B 82 0
BGE 1EHF MCF-7 4iiff1 48 h &,
BGE 25.50.100 mg/mL. 55 £H 41 g 7
=% (957%+097% ,1523%+1.21%
1742%=+1.89%) & T X2 (5.53%+
0.52%) (F=56.346,P<0.01) (Figure 2)
23 BGE #14] PI3K/AktmTOR {55
i@ & i p-PI3K,p-Akt,p-mTOR &%
BGE 25.50.100 mg/mL 1£ i 48 h
Je, SEK4H MCF-7 40 g i p-PI3K/
PI3K # A % ik & (0.751 20.017,
0.522+0.048, 0.274+0.017 ) {I& F X} 4
4 (1.086+0.062) (F=27.264,P<0.01);
p-Akt/Akt 8 1335 i (0.79420.033,
0.436+0.040, 0.228+0.006 )1 T %f I&
41 (1.073+0.021) (F=43.760,P<0.01),
p-mTOR/mTOR & [ K ik (0.659+
0.019,0.464+0.028, 0.117+0.036) ik
FXHEH (0.964+0.071) (F=32.023,
P<0.01) (Figure 3) ,

3o #

=

—@- Control

- BGE 25 mg/mL
BGE 50 mg/mL

—¥- BGE 100 mg/mL

Cell proliferation (%)

Control

BGE 25 mg/mL

BGE 50 mg/mL

BGE 100 mg/mL

Notes:A:Cell proliferation was detected by MTT;B:Proliferation of MCF-7 cells was
detected by BrDU after treatment with BGE (x40);": P<0.01;BGE :black garlic extract.

Figure 1 Inhibitory effects of different concentrations of BGE on
MCEF-7 cell proliferation in vitro

5% A L, BGE ] T p-
I%KpﬂhpmmRﬁﬁ%%LgﬁﬂmET%ﬁ
3T I PI3K/Akt/mTOR i % A A A T VEH .

HHFTJEY) (phosphatase and tensin homolog, PTEN )
R Ui DX - 45 22 A Oy KOk A i ik g8 A e i 9 Pk
It B EA YA UL R e e 98 45 SR, AR
ik MTT 2% BrDU ¥E A & B, 78 BGE /ER T,
MCF-7 20 a3 58 32 Bl 5 FLid o it =X i i A A
i % B BGE {2k MCF-7 4 e 1=

LRI I A Rtk J e — D 2 iR 1 SR A R
ARG AST S BOHA: I B B, MBs s & 2Rk
Y, JF H. BGE 7 2 Bl SiE Hh 2 B R 41 il £ =0 1
SANE N s @ B B A V205 R W] BGE K
HA &AL AT DL E i 8 5 Bk 48 M -2
(B-cell lymphoma 2,Bcl-2) Bel-2 #H5¢ X & 11 (Bcl-2
associated X protein, Bax) FUAE , - 8 B2 R fig-5 9K )
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PI3K/Akt/mTOR 3 % 2 25 B (1) Jib 988 4 B 15 55 38
% 2 —  WUE SEAE 22 R 40 i v SR 0E 0, PI3KY
Akt/mTOR {55 5 38 F (% 55 W6 55 098 20 1l i) 34
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PI3K/Akt/mTOR 8 % 7E 7L ¥R 98 v o BE 7% B 7, PI3K
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Notes : BGE :black garlic extract;**:P<0.01.
Figure 2 Different concentrations of BGE promote breast cell apoptosis
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Notes : BGE :black garlic extract;** . P<0.01.
Figure 3 MCF-7 cells were cultured with different concentrations of BGE medium for 48 hours, PI3K, p-PI3K,
Akt,p-Akt, mMTOR,p-mTOR protein levels were detected by Western blot
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