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Anti-cancer effect of glabridin by
reduction of extracellular vesicles
secretion in MDA-MB-231 human
breast cancer cells
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'Department of Food Science and Nutrition, Andong National University, Andong 36729, Korea

*Department of Molecular Medicine, CMRI, School of Medicine, Kyungpook National University, Daegu 41944,
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ABSTRACT

Purpose: Glabridin (GD) is a bio-available isoflavane isolated from the root extract of
licorice (Glycyrrhiza glabra L.). It exhibits a variety of pharmacological activities such as anti-
inflammatory and anti-oxidant activities. However, extracellular vesicles (EVs) secretion

and the anti-cancer mechanism of action remains largely unknown. The present study
investigates the anticancer effects of GD by determining the inhibition of EVs secretion in the
human breast cancer cell line, MDA-MB-231.

Methods: Cell viability, reactive oxygen species (ROS) production, migration, invasion rate,
and vascular endothelial growth factor (VEGF) concentration were assessed in MDA-MB-231
cells treated with increasing concentrations of GD (0.1, 1, 5, 10, 20 pM). Subsequently, EV
secretion and exosomal DEL-1 protein expression were evaluated to determine the anticancer
effects of GD.

Results: The results showed that GD significantly inhibited the cell proliferation of MDA-
MB-231 cells in a dose- or time-dependent manner. Also, ROS production and apoptosis
marker protein cleaved caspase-3 were significantly increased in GD-treated MDA-MB-231,
compared to control. Furthermore, GD exposure resulted in significantly decreased not

only migration and invasion rates but also the VEGF concentration, thereby contributing to

a reduction in angiogenesis. Interestingly, the concentration and number of EVs as well as
EV marker proteins, such as CD63 and TSG101, were decreased in GD-treated MDA-MB-231
cells. Markedly, extracellular matrix protein DEL-1 as angiogenesis factor was decreased in
EVs from GD-treated MDA-MB-231 cells.
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Conclusion: This study identifies that the anti-cancer molecular mechanism of GD is
exerted via inhibition of angiogenesis and EVs secretion, indicating the potential of GD as a
chemotherapeutic agent for breast cancer.

Keywords: glabridin; extracellular vesicles; apoptosis; breast cancer

E2 HES AR5k o2 o{4ds] =5k B 24|71 =L )t
e AU o A B /E F A 117,165 F 25,452 (24.7%) 22 11
P =0 AMEE BE5F31,2627 52,7487 (8.8%) 22 = A HalH vE qlrk[1]. 1
S o2 ddE Fo 2 iRk 55, 11X
PR A= H A QU [2). =R H
doju Ehg Bl o 22| 0 2 A o] &5t 224 s 34
o 1 3 5o AEa o2 it o 2 o] 7k 2 E kil A 3l
WAE2 et oy A5 o R T ET] DS [3,4]. kA
23t 23 0 2 A|AIH AL )t

2
H

H} &
H}o}

Glabridin (GD) 22 (Glycyrrhiza glabra L.) B8] FE2 B2 e B2|d HEZ o] & 71535 o]
ATl (isoﬂavm)O]E]' GD+= 93543 % 2%} (inflammatory bowel disease)©l|] s 3} [5],
F1tst [6], THS [7], tyrosinase 2/ A [8], 1e]al A& | AE =7 A 7] AT |
= choyet ofelabd &3k Heltkn Bg g,

=}
—

Extracellular vesicles (EVs)+= THIEZ] Q1 M| ] A I ]| vesicleZ 30-150 nm AFo] 22 & A Q1
£} 10]. AIZO] vatar 2 AZLO) 5.2 SAL, S, 2] 252 740 31 AT A|E Afo] ]
ZARYACIAE st Aoz A ot [11]. 22 Halof ofst, bA| 2ol A F2i ¥ Evs
= pre-metastatic niche S & /d5t0] o ol & FEAIZITk Y 4= A Qlt}[12]. o] 213 LA =
2l Evs 28] AA7F & Alo] efZlo &2 EHE T Qe [13]. SHA| T X AE-S o] &3 Evs &

o] oA S 58 Pt Erfol et A7 M slo] I Yk ghebA] 2 Ao BHe oIz
et Ml 2 2191 MDA-MB-231 Ml Zof|A] GDoll 2] gt Evs2] £8] oA 2 & A3/ A 7]
02 Bol fretol tie 2 fr2l Gpe] P E Bk S

—

EETE

A= ZEH|

2 AFoA AME-H GDE Sigma-Aldrich (St. Louis, MO, USA)°llA] #1331, dimethyl
sulfoxide (DMSO, Sigma-Aldrich)°l 100 mM 5= 2 -85} o | 4°col] 235131 t}. Western blot
of] AR-8-3t &A= p-JNK, Bax, GAPDH, TSG101, CD63+= Santa Cruz Biotechnology (Delaware,
CA, USA)°l| 4], DEL1< Abcam Biotechnology (Cambridge, MA, USA)Ol| 4] 724 5FA 3L, mouse,
rabbit 22} FA|+= Santa Cruz BiotechnologyAtol| A -4 5F T
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Al of] AFg-SF Q17F FHFQF Al 33 MDA-MB-231 Al 2= American Type Culture Collection
(Rockville, MD, USA)ollA] 435I AL, Dulbecco’s modified Eagle’s medium/high Glucose
(Gibco, Rockville, MD, USA) Bl 2| ©]| 10% fetal bovine serum (FBS), 1% penicillin-streptomycin
(Gibco)& 713t v @Fll-2 AFE-5F0q 37°C, 5% CO, B 7 ol A B 5 T Al 32.9] 1l F 2l
2-3Y0of gt A A 2.2 v x| 2 wtslgl Tt

[=)
H
L

2 Aol Z7g 3t Evst= QIZF -3 Al 2 MDA-MB-231 Al 220l GD 10 pM-& 24417 % 2] 8t
S ExoQuick-TC (System Biosciences, Mountain View, CA, USA)E Al&sto] £2|st%ith
Az et Az Zsll & A|71st7] ote] Alujd s eA=2] (3,000 x g, 15 minutes)S+1L,
ExoQuickTCE A F 3L & 412 F 4°CollA] overnightSFAT. 1 & U422 (1,500 g,
30 minutes)5to] /&M S A A5t EVs S £ 2] 5HRA T

MTT assay

MDA-MB-231 A 225 96-well plate2] ZF welld 1 x 10 cells/100 pL7} H =5 BF3 & plate
of 28 & UEE MEGFuIAE H7}5to] 37°C, 5% CO, incubatorl|A] 24A17F 5k
By 5Tt 1 & Zwelloll GDE s =E 2 (0.1, 1, 5, 10, 20 uM) 2] 2] 5FIL 2441 7H 2l 48A| 7F
B ¥t T O 5 3-(4,5-dimethylthiazol-2-yl)-2,5- dlphenyltetrazohum bromide (MTT, Sigma-
Aldrich)&H& 5 mg/mL =2 10 uLA 2} wello} ool g 7]oll A 3A]ZE vl St
9, wiR]e} MTT 43 A|ASI 100 pLe DMSOE %101 MAdH formazans S AIA
microplate reader (Infinite m200pro; Tecan, Grodig, Austria) S ©]-8319] 570 nmo| A SE =S
2759},

DCF, cleaved caspase-3 &M

GD7} MDA-MB-231 Al|ZZ9] apoptosis2} #& 0] U=A|E AlZE} 5171918l 4,6-diamidino-
2-phenylindole (DAPI)H A& A A|SAT}. 8-chamber slides®ll Z}F welld 1 x 10? cells/300 uL7}
=& B F3513137°C, 5% CO, Bl F 7| ol A 24 A7t 5 Bl F5ith 1 £ GDE s -2 (0,
1, 5, 10 uM) 223}l 24/\] ZF v Fsheict. o302 pRsE M| AFHAL, 4% paraformaldehyde
solution @ 2 15827+ 117 & DAPI-E-H 0 2 M5t} o] Ael St &3] 7 (Zeiss
fluorescence microscope; Carl Zeiss Microscopy, Thornwood, NY, USA).0. 2 &5} it}

Western blot 24

MDA-MB-231 AM|Zof| 24A|7F 52t GDE A &st & vz S AH|A3taL, RIPA buffer (Cell
Signaling Technology, Danvers, MA, USA)S AR&5lo] 2|5t AAIE 2] (2,000 rpm, 4°C
10 minutes) & THAZ ARl FE3F 5L o] @S LDS sample buffer (4x)2} 4:1
2 2315199 dry bath (100°C, 10 minutes)Z 7+E3F & A2 & WEUTE 1 & 10% sodium
dodecyl sulfate-polyacrylamide gel®l| loadingd}o] 7|50 2 ThlA -G gelifof] E2|51L
nitrocellulose membrane 2 2 transferst ¥ TF. TBS-T buffer (50 mM Tris-HCI [pH 7.5], 150 mM
NaCl and 0.1% Tween 20)°]| 8]A13} 5% skim milk2 2A]7F 0]/ blocking$t &, p-JNK, Bax,
GAPDH, TSG101, CD63 ¥ DELA Z+7+9] 12} A& 1:1,0002. 2 5] A 5}0] 4°CON| A overnight
2123 Tt Overnight$t & TBS-T buffer2 1087t 38] MZ5IAL 224AE 2417F 59

https://doi.org/10.4163/jnh.2022.55.2.240 249



Glabridin2| &= 3

IJNHS

Journal of Nutrition and Health

https://e-jnh.org

“201%1 HP&AIWE} Hh-S- 2 TBS-T buffer2 1057} 38] A% 5}1L FUSION SOLO X (VIBER,
EE RIskih

Wound healing assay0i| 2|8t cell migration &

6 well plate®]] MDA-MB-231 M| 25 B35}11 A| ZAJ 2l X = 3 7}s1o] 37°C, 5% CO, B 7]
of| A v st ATt M7} 7HS X2 ol pipette tip2 ©]-8-5H cell monolayer 72t =24 Q1
A2 S W 2G5t N ZE A A 517] Q)3 pBSE Al H S E 6D 10 uME 2|2tk 28] & &
1)< o]-&5fl 0A|17F Bl 244 7Hajet TSI T

Transwell assay0il 2|2t cell invasion &

Trans well assay+ cell culture insert (Falcon® Cell Culture Inserts, pore size, 8 pm; Corning Inc.,
Corning, NY, USA)E ©]-8-3l] A& s}t MDA-MB-231 M| ZZE serum free medium®]] 1 x 10
cells/mL === chamber o}ﬁoﬂ 300 uLE ¥ 3, chamber HPZZ:0l| = 10% FBS $H7-3F medium
700 uLE 93 GDE A 2| $F & 37°C, 5% CO, Bi 7| ol A] 24A|1 7+ B 31T T & chamber&
A A SFAL cell stain solution @ 2 A EE JMG} I AL £~2 225} )

VEGF sk &3

3+ A ELISA kit (Quantikine Human VEGE immunoassay; R&D Systems, Minneapolis, MN, USA)
£ o]-&3}o] A Z3|Are] Wi of wha} 450 nmI}Foll A microplate reader (Infinite m200pro;
Tecan) & VEGF 5 =& 3= o|835to] S435}3ct.

SAEN

EA| B4 PSS Statistics (ver. 27.0; SPSS Inc., Chicago, IL, USA)S 0|-&35}0] 3351911, 2 &
A Aate Yiat B2 4S AF-sho] UERU LT 2 77 H 3E rtestS A A ST o
Z-1} vl atsto] p gho] 0.05 PIRHY wiE BAISHA 0 2 {0/ o] ekl #AsqiTt.

21}

GD2| M E *“-’é%a—. 1t YEfst] Hatol OjX|= FeF

GD2| 7-Z+ Fig. 1°] eI GDE 2+2}0, 0.1, 1, 5,10, 1331 20 uM 52 244 7F A
23S o 7474 %E H M| 0] 24152 100%, 102%, 100%, 98%, 97%, 68% 2 T Z7-2} H] 1
5to] 20 uM @] S =0l A -2 8 0 = M| FA Eo| 74T (Fig. 2A). 121l 558 2
0 2 GDE 48A1Z A B E W] 2 5= ¥ M| 2] FE-2 100%, 96%, 100%, 99%, 90%,

OH

Fig. 1. The chemical structure of glabridin.
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EL}EW GD7} MDA-MB 231*1]&_01] 10, 20 pM Olf\b] =2 %—EOH A Nz SAES
A2 FIsIQIt) 2 Aol A=10 uM 5 =5 A gfste] et 7| A& 5

S JAFAZ (reactive oxygen species, ROS)2 SHH A SHIGHRE 53l MZEANE TS
£ o2 ol 1o, 4o A rosE ST U 3 cron 42
o ok

=

HM|EL] ZA1E A7} apoptosisOll &l -F-=H AR &R15}17] 23] cleaved caspase-3
stain ¥ apoptosis marker T8 2l o] F3}E 215} QI TF MDA-MB-2314] 201 GDE 1, 5,10 uM
9] 5= 2 24|17+ 591 % 2|5t & DAPI GAS 5t 3 ¥ o2 HE5H9Tth (Fig. 2¢). 1
A1t 5= HEZ GDE A5 M Eof| A & 2]E£F O 2 cleaved caspase-3 & 0| ZF7}5l=
22 GRS 53l FIE 4 AT Apoptosis marker A Q] pNK O] HH =510
uM2] GDE A &gk ol A oA o2 F7he = 22 Qe 4 ATt (Fig. 2p). SFA| 7, Bax

A MTT assay (o4 GD (24 h)
e 120 1uM 5uM 10 pM
& 100 ™ :
> K ww Q
2 80 - 2% h ©
% 60 m48h §
= 40 8
§ 20
0- T _
CON 0.1 20 <
o
GD (M)
Lyl
@
B GD (24 h) 2 &
23
S +
¢)
G
[a GD
3
z -
2 9 ’
% 3 p-JNK
a £ W BAX
S 19 @
o
a.
0
S CON GD
o
(10 uM)

Fig. 2. Effect of GD on the cell viability and the morphological changes.

(A) Cell viability in MDA-MB-231 cells treated with GD (0.1, 1, 5, 10, and 20 uM) compared with CON (only growth media) (n = 8/sample). (B) Confocal images
showing relative ROS in MDA-MB-231 cells treated with GD (1, 5 and 10 uM) compared with CON (only growth media) (n = 4/sample). MDA-MB-231 cells were
counterstained with DAPI to stain the cell nuclei. (C) Confocal images showing relative apoptosis using cleaved caspase-3 in MDA-MB-231 cells treated with GD
(1, 5,10 uM) compared to CON (n = 4/sample). MDA-MB-231 cells were counterstained with DAPI to stain the cell nuclei. (D) Representative levels of apoptosis
marker proteins p-JNK and Bax in the indicated groups are shown. The data represent mean = SD.

MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; GD, glabridin; CON, control; ROS, reactive oxygen species; GAPDH, glyceraldehyde
3-phosphate dehydrogenase; DAPI, 4',6-diamidino-2-phenylindole; DCF, 2',7'-dichlorofluorescein.

“p<0.01
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24 h

Wound closed (%)

150

100 ~

0 -

CON

Negative CON GD (10 pM) B CON GD (10 pM)

(]

6,000

4,000 ~
2,000 ~
0

VEGF concentration (pg/mL)

GD (10 uM) GD (10 uM)

Fig. 3. Effect of GD on the MDA-MB-231 cell migration and invasion.

(A) Images of wound healing assays (100x magnification). Scratch wound healing assays were performed using conditioned media (control), serum free media
(negative control), and GD (10 uM) for 24 hours. Images were obtained at 0 and 24 hours. (B) Transwell chamber was performed for the migration assay (200x
maghnification). MDA-MB-231 cells were treated with GD (10 uM) for 24 hours. (C) Representative levels of VEGF in the indicated groups are shown (n = 4/sample).
GD, glabridin; CON, control; VEGF, vascular endothelial growth factor.
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Ch o] WISk Aol 7k it 2 @17 ATHE Fof ol o} 3 ghHI o) 34 o)A HH}
RIZEANE Z7bol] o8 7 02 AbEEt,

GD7} MDA-MB-231 M| X 0|53} o]l O|X|= BE

GD7} MDA-MB-231 M| 2£.2] o] 50| ] x| &= JF-S &215}17] 915+] wound-healing assayS 4!
Alsto] BT GDE 10 pM2] 5= 2 24417 Bt X 2j et 23} GDE X 25hA] ¢
2 27O = healing =& H| WS 1 A1t GDE * 2] g AP 7ol A 4*] ] healing
o] A4g5] A= A-2S HolFth (Fig. 3a). Tl GD7} MDA-MB-231 A Z 9] 0] 52 o]
Agt Ao = Atg HTt

T3 GD7} MDA-MB-231 A|2E2] oo 0] %] = F &S
=5 ST A 29 AR 582 GDE AT T Fastes A2 & 4 AU (Fig. 38).

Vascular endothelial growth factor (VEGF) &= A= %3 A3}e} Zro] GDE x| gt Lol A
21591 2148 B1B9AT (Fig.30). £ A7 22 Bol GD7H R ALES) A8 oA 2
VEGF 232 Z4AaAA A Al 22 Hol 582 JAlot= 2 ez Alg Ht.

GD7| MDA-MB-231 M| EVs £H|0f| 0|X|= &

GDZ 2]2] 3 MDA-MB-231 Al Zoj| A HH]H Evs?t GDZ 2| 2]5HA] &8-S MDA-MB-231 A E
(CON)Oll A EH]H EvsS] W 27 37| E3E 24)-& nanoparticle tracking analysis (NTA) S 5
) 2151t} (Fig. 4A). CONT} GD ] 2] 3t 1&0]| A Evs S 22]51%S w] 100 nm A 2] A}
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A CON EVs GD EVs
114 nm 122 nm

= 1.0 =

€ g 74

& Py

2 0.8 A L 6+

) )
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.2 Rl

= 0.4 = 31

=] =]

5 5 21

o 021 o

o o n

o o

O T T T T T T T T T T O T T 1 T T T T T T 1
100 200 300 400 500 600 700 800 900 1,000 100 200 300 400 500 600 700 800 900 1,000
Size (nm) Size (nm)
C D
0.5 8 - CON EVs GD EVs

0.4

0.3 1

0.2 4

0.1 1

0 -

EVs protein concentration (mg/mL) @

CON EVs

GD EVs

7 4

6 TSGIOT ot &

CD63
4 4

3
2
1 4
0 -

EVs particle numbers (108/mL)
o
1

CON EVs GD EVs

Fig. 4. Effect of GD on the EVs release of MDA-MB-231 cells.

(A) Analysis of the size distribution of EVs from CON- or GD-treated MDA-MB-231 cells with average diameters by Nanosight analysis. (B) The protein
concentration of EVs in each group was measured by BCA analysis. (C) The concentration of EVs in GD compared to CON group by Nanosight analysis. (D)
Representatives immunoblot images of angiogenesis marker (DEL-1), exosome markers (TSG101 and CD63), and housekeeping gene (GAPDH).

GD, glabridin; EV, extracellular vesicle; CON, control; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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o|2& & 7te] & Afol= Gl A2 skt 2 L FollA Eel et Evse] Tl s
BCA Aol oJ3l =4 =31t} (Fig. 48). 1 AT} GDE 2] 2] S+ MDA-MB-231 Al| Zoj| A EH|H
EVsQ] T 57} c 2o H|s W2 A S SIE 4= it Evs= AT of e} o

WA g T 917] wfRol Evs©) DA St 2 Evsd] =22 ofm]o]oh 3 NTA
B2 E3)A] Evs9 particle £27F i Z7tol| H|8)| GD X 25t ol A g2 & 0 2 ZhAash= 7
ST 4 AU (Fig. 40). 2 27HE F3 2ol 18} 6D M2 FollA] 28] = = Evs

o] 49} 7 Qlol] T Bl QFiE M 1S & 4 9I3Irh F0]EALE GpolA] BulEl
EVsOl| A th 32 Q1 angiogenesis markerQ] DEL1Y} exosome marker?] TSG1012} CD632] THEl2
Lol FAE S-S FAL 4= AU (Fig. 4D). WeHA GDE %] =] 2F MDA-MB-231 A| 2 0f| A
EVsQtoll DEL1Z A7 HI A A A fREe Al 22 Hdo] 5385 AAlgt Aoz Alzdt.

ink
GD2| 2 2|7h ] HZ2SA, A ZAE, Holol m] %] = 9P A7 sl k]
HFO} 4| I Q1 MDA-MB-231 A| & & o] &5}o] A| o] ZA] A ZAFH ROS YA, Al o] 5 2

oo Bl X = FEFL invitro 0l A B7HE Sk,
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ChFet 52 29] GD7} Q17 Fall A Q1 MDA-MB-231 M| 2] Aol m] 2= J TS &
Q1517] 9I5 MTT assayE 33 2T GD 10 yM A B 7B 5= Q| EH 02 M2 FAES
AA|EH= 2 0 2 YEHT

Apoptosis (A ZAFE)+= QI7Fe] Ao Qlof et =384 7ol hofstH, Al 29] H]?
i, AlaEeke] ohy|, JMA ] 25 it HEO‘] AZU o] S 50| ArEAgh= 2
AT HA AN EZZELS AXcH [14]. %l’ AJAEAZ (ROS)2 M| EAFH O] TA|of| A 22} ;d
2} (secondary messenger) 2 AR & o] AT H Zﬂ AE 55 ohFst AARIZLE 24
stal PERES I HRh-Gof Tojgtryar e A ot [15]. 2 A Aatol| A 7] Eof| Al ZA
He o= ME e 22 FF2E GDE 55 H = |23 MDA-MB-231 Al| 20| A &
o)A 0 & ROS 'Ua F7F A apoptosis7t Yol Uh= A& ERISHI T

[¢]

23 A3} ol 8k 22 Hjo} 3, A
& Azz9] o] 52 -7 &2 o2 7| Hol& =

AAsioF gtckar 3 4= Qlct. o] 2|3, Fxol= M|z O] A L] 7]E (extracellular matrix)
25l O15 5 S Ul oI, AR U2 99 2 A4S 3 o1l 1),
MDA-MB-231 M| 2] Zo]of| n]x]= F&FS 2AFSH] 215+ cell wound healing 2! transwell
assayE ©]&5t0] Al29] o]F 8l Hgol njx= TS A VEGFE 7HE et
specific tumor-angiogenic factorZ24 AYEHYLE FEst= 7P F2sH QdAtolH,
ob|mo] AAto]l WAl B0 2A] QAHT et (7). A, Wet, qubel yhacl
59| 2YZZA oA W= 2PN T ofyal 2Y7]ZAE (tumor stromal cell)
of| M &= e e}, | Aol A {RE e X &2} VEGF 5 = 74 52 The] TA|of tij$k E.aloj|
P15 VEGE 5 24 2jo] 948 418 R AEAZ A8 ek B}
I} [15]. £ AT Aol GDE 2L U VEGE FET} Fo)H 02 2asH AL
ATt o2fet AaHE F3l FYAHZR] MDA-MB-2314| 2] GDA 25132

=

sHele & 4
o) Rgt Al o 5 % H- -2 oA|F O 24 D7 3 ol o HIS S 94T 2217}
g0z ARE,

EVs+ A2 (donor cell) Ol A EH]E]+= 100 nm & & :_‘1.7]94 A Ve JAFE TR mRNA
9} miRNAE- Z3$}5HL, o] & AF7HEH]| (autocrine) 2 S82H]| (paracrine) S 53l {2 71#] &
BE AL F+= 9&-S sty B3 E AT} [10,11]. -:-]:"Oﬂ Sulfisoxazole®| 2= FDA 591 H
A ekZo] Eys EH| A S E5}o] SHFoto| th3l gt T E Hol= Ao 2 B 11519

olt

£l =

o} [12]. & Aol AHERE ekEo] obd A =21 GDE A 23S W Evs ] EH| A& 53t
& aE HojFQith 7)&of Evsol] 2 $HE o] Q1= DEL17} exosome markerQ] TSG101, CD63
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