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Abstract - Glycyrrhizae radix is one of the most frequently prescribed ingredients in Oriental medicine, and Glycyrrhizae
radix extract has been shown to exert anti-cancer effects. However, the cellular and molecular mechanisms of programed
cell death (apoptosis) by Glycyrrhizae radix are poorly defined. In the present study, it was examined the molecular
mechanisms of apoptosis by water extracts of Glycyrrhizae radix (GRW) in human bladder T24 cancer cells. It was found
that GRW could inhibit the cell growth of T24 cells in a concentration-dependent manner, which was associated with the
induction of apoptotic cell death, as evidenced by the formation of apoptotic bodies, DNA fragmentation and increased
populations of annexin-V positive cells. The induction of apoptotic cell death by GRW was connected with an up-regulation
of pro-apoptotic Bax protein expression and down-regulation of anti-apoptotic proteins (Bcl-2 and Bcl-xL), and inhibition
of apoptosis family proteins (XIAP, cIAP-1 and cIAP-2). In addition, apoptosis-inducing concentrations of GRW induced
the activation of caspase-9, an initiator caspase of the mitochondrial-mediated intrinsic pathway, and caspase-3,
accompanied by proteolytic degradation of PARP. GRW also induced apoptosis via a death receptor-mediated extrinsic
pathway by caspase-8 activation, resulting in the down-regulation of total Bid and suggesting the existence of cross-talk
between the extrinsic and intrinsic pathways. Taken together, the present results suggest that GRW may be a potential
chemotherapeutic agent for the control of human bladder cancer cells.
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(Kasibhatla and Tseng, 2003; Kerr et al., 1972). Apoptosis
717 0 &2 22 487 (death receptor, DR)E wlj7l|5}= 2]Q14]
7 2 (extrinsic pathway)Q} 0|EZEE|o}E j7/ishk= Q1A
ﬁi(intrinsic pathway) 2 JLEE]oJZIth Apoptosis 7]4-&
22 4=83|(death receptor, DR)E wj7ich= £Jo1& A=
(extrinsic pathway)2} H|EZEg|o}= ufj7jsl= Yol A=
(intrinsic pathway)® 2%t} Extrinsic pathway—= A%
gto]] EAske S 8Alel 54 ligand7} AURC=H
caspase—82] GAI SIS G610 effector caspase?l caspase—3
£ 232 0 2 SAISIAA poly (ADP-ribose) polymerase (PARP)
B} 22 714 SIS ol BHK DNA RS} 53 B}
o apoptosisE -FESHHKaufmann et al, 1993; Lazebnik et
al., 1994), Fgtintrinsic pathway 2] 73-2-0]|41+= Bel—2 homology
3 (BH3)-only protein?l Bid®] YHIIE &3 intrinsic
pathway S 77519 apoptosisE -F&317|% SITHL et al,
1998; Luo et al., 1998), HFH intrinsic pathway— B|EZ=2]o}
o} 29} elyto] glom, gl oJaf 2F
effector caspase (caspase—3/—7)2] AL £5}4] apoptosisS
S =5 (Han ef al,, 2008; Li et al, 1997), o]t = A= 9]
FQ ZA2IRQ] caspase A4S inhibitor of apoptosis
proteins (IAPs) familyof| &3l= thill A53}9] 21734 2]9] At
< 53t 159 apoptotic 4Jo] AAIE 4= 3lk(Salvesen
and Duckett, 2002).
Zr2(Glycyrrhizae radix)+= Fof| £3h= thd A 21
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A3 ehgoll A de] ARGE o] $hom(Lee et al.,
2010; Lee et al, 2009), F+2 =i} F-=oj|A] XHHHEL =
(Glycyrrhiza uralensis Fischer, G uralensis)2} -8 ollA A

W == 2 (Glyeyrrhiza glabral,)7}F QCHLee et a]_, 2010).
z9] 2 YA AHEL triterpene?| saponin AJE2

+= glycyrrhizin (glycyrrhizic acid)¥} glycyrrhetinic acid %
o] 9lom flavonoid AJHEC 2= liquiritin, liquiritigenin,
isoliquiritin, isoliquiritigenin, apioliquiritin, glycyrol, gly—

cyrin, licoricidin, licoricone 5] 911!, phenol’d E2ZA]

licopyranocoumarin, glycocoumarin 52| AJE-o] gl&] A Qlth
(Lee et al., 2010; Park et al, 2008), X[ A7l oJabH Ak}
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0}01 Al 5A19] 10uHo]] Bigshe SR 100CellA A1 5
oF &314c) g4 FEES JuX|(Whatman No, 3 filter
paper, Whatman International Ltd,, Maidstone, England) & ¢J
5t & 8a)E Rotary evaporator (Eyela, A—1000, Tokyo Ri—
kakikai Co,, Tokyo, Japan)& ©]85}0] §=3|1, 72} 5252
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9] & ELISA reader (Molecular Devices, Sunnyvale, CA,
USAIZ 540 mol ] S 235190k, 5t AT A2 S
= S5P7] Jote] 1ot 22 208 A E uj Rt S A
£ A)7|3}aL phosphate—buffered saline (PBS)E 2t well F 1

= Ateto] AEZE FHAIL o 0.5% trypan blue
solution (Gibco—BRL)S F&o 2 A7lste] 287F A =sl%
t} A2)% sampled hemocytometere] A-85 5 =8 &u|7
(Carl Zeiss, Germany)< 0]-§-50] AofQli= A|3L0] 4=5 |1

3h3.

DAPI staining®]] 9J& M| 9] e FF

Apoptosis7} fFHE S 74F- 5ol or Uehe 39 §
B2 H3kE wasty] ffste] GRWol A 2|e Al 25 B2 the
2,000 rpm&. 2 557t 4] &efsto] FFHE AASAL 37%
formaldehyde 23} PBSE- 1:9 H| &2 412 fixing solution
= HopRl Aao]| 500 uL 7kt T3] AR %, A=2ollA
104 F9F 88k5ie}, 1 A|32E 2,000 rpm O & 57+ 9
A 223} fixing solutionS A|A5FaL PBS 200 yLof| F-3-A]
1 & A3z} 39k of Q1= PBS 80 uLE slide glass o] Hof
231 1,000 rpmOf| A 587} cytospindlo] AZEE slide glass
of HaskeIct A7) 22 slide glassS PBSE 2~33] A=
A A3}T PBS7} ul27] Ael| 0,2%9] Triton X100 (Sigma—
Aldrich Co, )& H7Fs}o] 420l A 1087 1143t 3 2.5 ug/mL
59| DAPI 95 A2|sto] AofA] 1527 AAaRglTh
Mol Bt 3 DAPT &5 F=51A A&kl mounting
solutionS A8t & &34 &) (Carl Zeiss, Oberkochen,
Germany)- ©]-§-5F0] x4008}9] vl 7} F=of whe Al
3L oHO] | WSS THEsIelTt

DNA fragmentation 5-4]

Apoptosis 9] T 1 5715 AIa}7] $4ste] DNA 5
s} alAe] 22 ANBIT, 1o B o R el
H M ZES & Tk Iysis buffer [5 mM Tris—HCl (pH 7.5),
5 mM EDTA, 0,5% Triton X—100]Z Z7}5}o] Ak&of A 14|17k
Sob AT O AR SRk SR Al
proteinase K solution (Sigma—Aldrich)& #]2]3}0] 50°C o) A]
3A17F 52 HES-A)7] % phenol : chloroform : isoamyl alcohol
T35 gol(25:24:1, Sigma—Aldrich)S A7}5kaL 30827 34
W A7) o AR E]ste] thA] S e Rkl e
=

AyzoNo]| isopropanol (Sigma—Aldrich)¥} 5 M NaClE # 7}

ool 4ToA] 24A17F F9F WREAIZ] & YAE2|ATA DNA
pelletS FZ319th 225 DNA pelleto]] RNase A7} 3=
TE buffer @ 6X gel loading dye (Bioneer, Daejeon, Korea)S
271813l 1.6% agarose gel-2 ©]-8-510f 50 V H7] %G5 AKXl &
ethidium bromide (EtBr, Sigma—Aldrich) = $A35}o] DNA ©
HI} A gelskgith

Annexin V-FITC/Propidium Iodide (PI) staining®] £]J&}F
apoptosis 4]

GRWO| f&5h= apoptosis F=5 FF4 2= #4517] £
sto] A4 2 GRWo| 24A17F Fot Al AliEss e tha
Yaliesto] 445 M& AARE 5 PBSE o]-8-35t0] A28ttt
ZH)% A ZE 10 mM HEPES/NaOH, pH 7.4, 140 mM NaCl
and 2.5 mM CaCl27} 33}= annexin V binding buffer (Becton
Dickinson, San Jose, CA, USA)of H-8A]7] the annexin
V-FITC ¥ propidium iodide (PI, Becton Dickinson)& ] 2|5}
o] ehdofAf 204 F2t HE3-5 AlZT HESAIXL Al S 35-mn
meshs 0]-&5}o] ThAA L2 E 2|3t 3 DNA flow cytometer
(FACSCalibur, Becton Dickinson)©f Z-8-A|# apoptosis7} &
W AIRE(V/PDE F3uksel wiet 743 & CellQuest
software 2 ModiFit LT Z21-& 0|83} BAs}9ic}

Western blot analysisof] 2J3F thalal by B4

o] 50 o RS Wl sl A 918 o
22 1ysis buffer [25 mM Tris—Cl (pH 7.5), 250 mM NaCl,
5 mM EDTA, 1% NP—40, 1 mM phenymethylsulfonyl fluoride
(PMSF), 5 mM dithiothreitol (DTT)]E A7} 4°CoA] 14]
hEREHESAIZ] 2, 14,000 rpm © 2 30427 A 4lEE]3tof A
o0l 9 total BLL LB, Hele B s
Bio—Rad T2 A7k A]2K(Bio—Rad, Hercules, CA, USA)Z}
I AR met ARt o %Y Laemmli sample
buffer (Bio—Rad)E 4]0]A] sampleS THE 01, Western
blot analysisE ¢l 55¢] sample sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis& ©]-&5}o] 2|5}
11 nitrocellulose membrane (Schleicher & Schuell, Keene,
NH, USA)S.&2 HoJA|HT} 2+ membraneS 5% skim milk
£ A2ste] Bl5o]2 el thii A Sof gl blockings AA|SAL
17} GAZ Aefsto] Aol 2417 oA E= 4o over
night A|7] T3 PBS—T= A& (1547 1], 5127 5¥)saL &
2]l 12} gA|of] Bl= 22 FHA|(PBS—T= 1:1000 3}415}o] ALE)
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£ ARgsto] Aol A A7 Ak WA F T, Bhgo] i &
OFAlo]| A Enhanced chemiluminoesence (ECL) solution (Amer —
sham Life Science Co, )= A-8-A|7] the X—ray filmo]] 71°5A]
A 4 o] WraskS Bkt

Mitochondrial membrane potential (MMP, 4 ym) ¥3}2]
3

Jl)lv

MMP 7o) Wis} o] E AR $3}e] dual—emission
potential —sensitive probe¢l 5,5', 6,6 —tetrachloro—1,1',3,3' -
tetraethyl—imidacarbocyanine iodide (JC—1, Sigma—Aldrich
Co.)E A3t A4 AIZF GRWZF A2l 28 e 5
10,M9] JO-1 §4& ol 3to] 212 W sfefe] 27004 44
= AAH 30 &, JC-1 g2 AASIL PBSE AR &
FACSCaliburg ©]-8-5fo] MMPQ| 2] H3ks A3t

In vitro caspase activity &3
Apoptosis ]| QlojA] F QT 282 = A o' djX
caspase—3/—8/-99 B4 H =5 /4 X GRW7} A 2] € ujj#]
oY\ A] colorimetric assay kits (R&D Systems, Minneapolis, MN,
USA)E ARg-sto] AlAE Wriol] Esto] B9l Stolfrg =
AFSRITE, 24417t BRFE Al S BE T 47|19 S dR e
2 oS &5t ARFele] Z47F 20 uge) T
fluorogenic peptide 7] 100 iz Mo| $R3%] 50 11 L2] extraction
buffer [40 mM 4—(2—hydroxyethyl)—1—piperazineethanesul
fonic acid (pH 7.4), 20% glycerol (v/v), 1 mM EDTA, 0.2%
NP-40 ¥ 10 mM DTT]o]] £3+6}%.2 ™, microplateo] THA|

A)
120
100

80+

2 Hﬂﬂm

Cell number (103/ml)
[=]

200 400 600 800 1000

GRW (pg/ml, 24 hr)

extraction buffero] 3]45}o] Z}F sample @ & volume®] 100
uL7P =7 skglch ] plates 37°COIA 2417 SR HEGA]
71 & ELISA reader (Versa max, Molecular Devices, CA,
USA = o]B:g].oq 405 nm-J _‘_L]-E_E‘_ o]Q_ ].o:] H]—.Q__/l 24E~
A5kl Aol AME 71EE caspase—39] Z9oll=
Asp—Clu—Val—Asp (DEVD)— p—nitroaniline (pNA), caspase—8
9] 7 2-0f]=Tle—Glu—Thr—Asp (IETD)—pNA®| 310 ™, caspase—9
= Leu—Glu—His—Asp (LEHD)— pNAS AME3FSIT]

A A=
A A9 oS A7) flsto] ZAHEA (ANOVA)
AAJGE & p<0.05 42301 A] Duncan’s multiple range tests

i
AABHE o, 11 Avts Hi(mean) + FEH 2K (standard
deviation, SD)&2 FEA|5}YIC) o] ARRSE RE EAEAL
SPSS 17.0 (IBM SPSS Inc, New York, USA) 7 T2 1HS
ol-g-sto] Zefsklct,

Ut o

Zap 8 2
A2 @528 9T AA B3 24 A9 F4] o
9 apoptosis &

QUA| HFQt T24 M229] FAlo v xR desEs
(GRW) 2] ¥ Lol fjsto] GRWE A== A 25t
o] 24A|17t = ?} HjoF3t & hemocytometer counting 2! MTT
assays HAISFICE Fig, 1A 9 1Bof| LERd Hle} ZHo] GRWE)
Aol 5 920 2 T4 ALY HES D F4 oAt

B)

1204
100+
80+

il Hﬂﬂm
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Fig. 1. Inhibition of cell proliferation by GRW in T24 human bladder cancer cells. Cells were seeded in 6 well plate at 3x105 cells/mL
and treated with the indicated concentrations of GRW for 24 hr. Cell number (A) and viability (B) were measured by the
metabolic-dye-based MTT assay and trypan blue assay, respectively. Each point represents the mean £SD of three independent
experiments. The significance was determined by the Student’s t-test (¥»<0.05 vs. untreated control).
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521 A7} apoptosis -FET 2132 Q1 Aol SlEAE
015}7] &Jste] AAF U GRWE AA =2 2] 2st ujz]of|A] 24

A7t E3F HoFE T24 Ao A] 2] FefAst, DNA THast &
AF A annexin V-FITC/PI GA-&- E5}o] ZA[SHITH A &
o] FeRisks }lst7| $lste] DAPI A4S A8t P

Ho= J‘é}?& Z1} Fig, 2A0] Ureped v} o] A/ ulj <o
7l h“%eﬂl GRW A 2] 5= F7}] utet 2414
Q1 310} W= 240} TlE0] apoptosis”7t - Al ZoA] 3
Hog 3 éﬂ% A7 S0 I3t apoptotic body2] 40|

(

TEE L) o222 apoptosis ] E T2 57191 DNA
SHH3} FARS- apoptosis7 | Yol A|Z S0l A e b= A3 2ol

AAO 24 A Y9) endonuclease”} EAIE=E]o] chromosomal
DNAS SHHBIAI 0 4] UtelL 2102 el S)ck Yoshida
etal., 2006). o5 $I5to] A4 W GRW7F Sl x| ol A &}
HAEZE o2 F DNAE 53] agarose gel 17]9F

A)

GRW (pgiml, 24 hr)

C)

0 AR AT Fig, 28] LheR vlol 2k, ATlolA B
4= 9)5:0] GRW 200 ug/mL A 2]3-7HA| = DNA THH 3 @4to]
LHERRA] QhQXAI9E 400 wg/mL A 2ol A oFek DNA THHS}H A
‘o] TE]7] AAFsEo] 600 ug/mL A 2]kof Al 5-E] DNA THA
3} @/gol ZsHA Yehhs Aoz A I, ol2fgt Aiks
2 AME 1] GRW= T24 A|3Zo]|A] apoptosisE a3 T= 7/'1 =
4= 3)19)om, o|2f3t apoptosis G2 A4 Q] HA

nnexin V-FITC/PLE @A 5 DNA flow cytometry 4]
AAIBIGITE Fig, 2Cof LRt uiel 2ho] A abal =] of| A Ak
A|3E9] apoptosis G- Hl == 0F 3 79% A=A AT GRW A 2]
=5 Z7}o| whe} apoptosis 34t RIE7} Z7F8k0] 11 Bk 9]
600 ug/mL Aol A= oF 57.58%2] A|3Lof|A] apoptosis”}
oulw|l 7 o 2 et} o]Are] AtE Al E uj ol s
SF To4 A2l GRI A 2jo] 2Jet S 712, 24 o]
e 3= apoptosis G2 WAsE A4 o] ) o
ek

fl

[¢)

m[o
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o & w2

Ool
0_&

[e)
2 T MR

d
i

B)
GRW (qgiml, 24 hr)

M 0

200 400 600

GRW (ugiml, 24 hr)
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Propidium lodide

Annexin V-FITC

i D e T

Fig. 2. Induction of apoptosis by GRW in T24 human bladder cancer cells. (A) The cells were fixed and stained with DAPI solution.
The stained nuclei were photographed with a fluorescence microscope using blue filter. (Original magnification, x400). (B) The
DNA fragmentations were separated on 1.6% agarose gel electrophoresis and visualized under UV light after staining with EtBr. (C)
To quantify the degree of apoptosis induced by GRW, cells were stained with FITC-conjugated Annexin V and PI for DNA flow
cytometry analysis. Apoptotic cells are determined by counting the % of annexin V+/PI- cells.
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GRW (pgiml, 24 hr)
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D e e - | Bcl-2
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D G T W | Actin

Bel-xL

B)

GRW (ugiml, 24 hr)

0 200 400 600

W — XIAP
D G e— clAP-1
- e - - clAP-2

S | Actin

Fig. 3. Effects of GRW on the expression of Bcl-2 and IAP family proteins in T24 human bladder cancer cells. Cells were treated with
GRW for 24 hr, and aliquots containing total proteins were subjected to SDS-polyacrylamide gels followed by immunoblot analysis
with specific antibodies against Bcl-2 (A) and IAP (B) family proteins, and an ECL detection system. Actin was used as an internal

control.

GRW A ]9 ©}2 Apoptosis 24 F-AX} 23 W3}
Th2-& apoptosis -3 2 A0 QloiA] 714 th A 01 §-1=k
2 427l Bel-2 family QIARSS] WEof n|X|= GRWO| ok
< Western blotting—- o]8slo] ZAVSI9ILE 1 A3} Bel-2
familyol] £38}= QIAHE %, pro—apoptotic F-HAFE GeiA] 9l
+ Bax®] Welo] GRW A 2] 5= oE4 02 TASHA 5715
9lom anti—apoptotic -3-AAF¢] Bel-2 2 Bel-xLo] W&
AR5 2t A Selsloinh Eak AEe] Sl Bidd)
739- caspase—82] Al 3}of| 9J5) truncation©] 0101\/} tBid=
| mitochondria® 0]5‘6]-01] intrinsic 25 3= ]7 =gt
—% % 6]- FATH( Flg_ 3A, ). 3FH apoptosis =0l $AAQ I
< Bh= caspase RS A4S HAISk= AP family
(XIAP, cIAP—1 ¥ cIAP-2) 2] W& H3}E Western blotting=
Sof WEslgl o, 2AME 371A] TAP family QIAHSS] o]
GRW #|2]o]| oJsto] TA|5}A| 7445 leh(Fig. 8B). oo 4
N A5E ol GRWo|| 93] FE%= apoptosis 73 Zo=
Bel—2 % TAP family QIAFE9] Wdl 37t 583k 983 gtk

LA % g

MMP (Apm) B3to] WX GRWS] 33
Gl i apopoi) ol sl==clot o 15
o] AR A0 FAE0], Fig, 40] LR vlo} 2

o] GRWE: /21514 1952 %9l BA9] MUPE 7141 4
L= 0F 96, 37%, AME MMPE 7HA M| 1= oF 3,63% LFEh

WARE GRW A 2] 5t F7to] wheba] MMP /4 =7} 571}
A0m, 23 5120 600 ug/mL A el ol A OF 69,27% HE
o] Aol A MMP2] &4}o] SHte|= 7 o & eyt o]Alo]

Ao A GRWo| &J5te] == apoptosise= W EZE=E|0F

ufo] $ARS §5 vERE o} 7] oAl ThofslaL glehs
e o % 919l

Caspase?] 4 9 713 T o] Iy o] w| x| GRWY
93

GRW A g]of ot 249t T24 AJ3zo]|A] apoptosis &l
caspase &/J0] HoJsl=7| 2] o5 Hr1H 02 2kt
HA] caspases Tl A B A= E S1Q18H A} Fig, SAA L}
bk vlo} 20| GRW Helo] ofste] 2
-8 31 -9 T o] AL gz Z 08 e oL 2
chaA dhE o vehbz] ootth wekA] in vitro caspases
activity assay S £5}¢] 0|5 caspasesd TA AL S A4
S BARE A3 Fig. 5BA Urehd il 240] caspase—3,
-8 2 -99] gAo] GRW #]g] = oJE 2 0 & Zrl5te] a1
=129 600 ug/mL & 2)atol| 4] ZFzt 4 64l 4. 8ul U 5 18 Z7}
Sh= A 0= UERITE A Ao A Sat nEFE 2o}
Quto]] B2 Fe)|9l proenzyme FEZ EA|SH= caspases=
caspase—8 X -9} Z+- initiator caspase®} caspase—3, —6 Y
=73} Z+8 effector caspase® T-EE|0, ThoFsh A3 U/ Q5
A1=of| 2Jste] initiator caspases”| A EFEH sFHAl &
AJ}+= effector caspases”} & 3l=|o] of 2] F-72] 7] il

3] 9] pro—caspase—3,
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Fig. 4. Effects of GRW on the MMP values in T24 human bladder cancer cells. (A) Cells were treated with GRW for 24 hr, collected
and then incubated with JC-1 (10 uM) for 20 min at 37°C in the dark. The cells were then washed once with PBS and analyzed by
a flow cytometer. (B) Results are expressed as percentage of the vehicle treated control £SD of three separate experiments.
Significance was determined using a Student’s t-test (*p<0.05 vs. untreated control).
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Fig. 5. Activation of caspases and the degradation of the caspase-3 substrate protein by GRW treatment in T24 human bladder cancer
cells. The cells were treated with indicated concentration of GRW for 24 hr. (A) The cells were lysed and then equal amounts of cell
lysates were separated on SDS-polyacrylamide gels and transferred to nitrocellulose membranes. The membranes were probed with
the indicated antibodies. Proteins were visualized using an ECL detection system. Actin was used as an internal control. (B) Caspases
(-3, -8, and -9) activities were determined using in vitro caspases assay kits obtained from R&D according to the protocol of the
manufacturer. The data are expressed as the mean +SD of three independent experiments. The significance was determined by the
Student’s t-test (*p<0.05 vs. untreated control).
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