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Liquiritigenin (LG) is a chiral flavonoid isolated from the roots of licorice. It exhibits multiple bio-
logical activities including anti-oxidant, anti-cancer, and anti-inflammatory effects. In particular though,
the anti-cancer activity of LG in oral squamous cell carcinoma has yet to be elucidated, and LG-in-
duced apoptosis in oral squamous cell carcinoma remains poorly understood. In the present study,
we tested the role of LG in inducing apoptosis in oral squamous cell carcinoma cells. LG treatment
of HN22 cells resulted in a dose-dependent inhibition of cell viability as detected by a 3-(4,5-dime-
thylthiazol-2-y1)-2,5 diphenyltetrazolium bromide assay. The induction of apoptosis in terms of Annexin
V/7- Ammoactmomycm D staining, sub-G1 population, and multi-caspase activity were assessed with

a Muse"

M Cell Analyzer. Flow cytometric analysis revealed that LG treatment resulted in G2/M arrest

in cell cycle progression and downregulation of cyclin Bl and CDC2 expression in a concentration-
dependent manner. It also resulted in significant upregulation of p27. In addition, LG was seen to
trigger the generation of reactive oxygen species and induce CCAAT/enhancer-binding protein ho-
mologous protein and 78-kDa glucose-regulated protein in concentration-dependent upregulation. The
LG treatment of HN22 cells led to a loss of mitochondrial membrane potential (A Wm); it also reduced
the levels of anti-apoptotic protein and increased the expression of apoptotic protease activating fac-
tor-1, cleaved poly (ADP-ribose)polymerase and Bax. Overall, our results indicate that the pro-apop-
totic effects of LG in HN22 cells depend on the activation of both intrinsic and extrinsic signaling
pathways. Thus, our results suggest that LG constitutes a natural compound with a potential role as
an anti-tumor agent in oral squamous cell carcinoma.

Key words : Apoptosis, Liquiritigenin; oral squamous cell carcinoma, reactive oxygen species

M 2
AAAR R e Aol AReel F B RS AN
W, 1 A% Al A AA ) 35% A%
AABTHB6]. FAYE THE Gz} vl Lael

\=]

T T

e goy R 5159
ZdFAA 90% ol

Aoz A AFste e A

€ dd 2A s, WA

AR o] AHEE AL

ol AN =

Lo N
0
hm

ATH4, 16]. F

*Corresponding authors

Tel : +82-61-450-2684, Fax : +82-61-450-2689

E-mail : s1004jh@gmail.com (Jung-Hyun Shim)

Tel : +82-63-270-4024, Fax : +82-63-270-4037

E-mail : jichae@jbnu.ackr (Jung-Il Chae)

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

HEH csplatins el OFAZH FAUS TS FHR dFo
R0 44RO Bst SHAUA Y H3 ol
FAHAAT, 24715 A 0 23704 EF 2 WY

& §3% 2e Hagol veha o] wekA, 3
SRELEEINE PR B EEBE

A77 AAH D Yeh27]
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3t death receptor®] death ligand7} A3} 3}¢ death com-
plexg® ¥4 3t1, death domain-containing protein [Fas-asso-
ciated protein with death domain (FADD)]%} 2 %3} cas-
pase-8& X3¢t initiator caspaseE 443} AlA o] Foizlth
[6,9,30]. YA HEE vEZ= ol TR FHY
o1, Bel-2 family protein®| H &4 8E F3t cytochrome
C (cyto O] W& & FE3TH11]. ¥EH cyto Cx apoptotic
protease activation factor-1 (Apaf-1)3} initiator caspase$!
caspase-97 A3 3te] apoptosome HHAE FA FTH31].
Apoptosome caspase-9< ZA 3 AA effector caspase
(caspase-3/-7)%] &4 &3l apoptosisE frath9]. & &=
TolAE LG7F 4 E R4 o A Z(HN22)S 44 oA 2
AZAE 71 S et gi

,0

Mz ¥ g

Mz 2 S
B Aq AEE LG St FSete] & u
ANA Al tot A= sYsEATH24]. AlEf Mgl A&
DMEM H] 2> Welgene (Daegu, Korea)ell4l T¢ist%itt.
Fetal bovine serum (FBS), penicillin/streptomycin, Phos-

=
e
Al

phate buffered saline (PBS) % trypsin< Hyclone (Logan,
UT, USA)lA FU3tdth AZ2F4 24E& 98 A4
Dimethyl sulfoxide 2 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT)< Sigma-Aldrich (St.Louis,
MO, USA)I A Faloith Bl B4 S Sate) A48
E 34 & Santa Cruz Biotechnology (Santa Cruz, CA, USA)
oAAM FA3FA

M| ZHH2F

A7t 7M7) gk HN22 (RRID:CVCL_5522) Al £+ o
ol ol A AT Ekth29]. HN22 Al E+= 10% FBS 2 1%
penicillin/streptomycins £33t DMEM Hj A o]l 5% CO,
7} ¥ £ 37°C incubatordl| A Hl oF3} AT}

Cell viability assay

HN22 Al £ 96-well platesell 2+ well & 1.5x10° 2. 100
ple] w2 o} A B33 5% COF &5 E & incubator ol
A HieF $, 50,100 B 150 tM § 59 LGE 24417 B 48417
¢ At EE MAE AAIL MIT 30 pl/well
¥ 1 incubatoroll A 1417 3083t ¥H-g FH ol &5 H S A A3t
I DMSOZE 100 pl/well €1 583 w3 AAY F3=e
Spectrophotometer (Thermo Fisher Scientific, Vantaa, Fin-
land)< AH&3te] 570 nmoll Al A3t ¢,

MZEF7|Hst B

HN22 Al Z oA LG AEF7]ol mAl& FaFe Lotry
9atod, 6-well plateo] HN22 Al £Z 54x10 cell/3 ml & &
Fato] Mt &, g w50, 50, 100 2 150 uM)9] LGE
A etsint. 48412 e A & A EZE 843t PBSE A
A o5 70% AB2E A7bete] 20°ColA & T 1A
sttt 18 MEE ThA PBSE A A3k 13,000 rpm o2
2027 A 23Stk PBSE A A $ Muse Cell cycle
reagent (Merck Millipore, Darmstadt, Germany)& 200 ul 3
7hake] 2ol A 303t HE-eS Atk HN22 A2 9] Al Z2F7]
= Muse™ Cell Analyzer (EMD Millipore, Billerica, MA,
USA)E ol &3t £4s3iH.

Annexin V 40| 2|8t apoptosis ZHE

LG A g ol wE HN22 Al Z 9 apoptosis fr=& #2317
8t Muse™ Annecin V & Dead Cell Kit (Merck Millipore,
Darmstadt, Germany)& AH&3t1Th. HN22 A ZE 6-well
plate Hl¥d &, LGE s TE= 4847 ¢ A 33
o} & Ag F AZE 3|53k Muse™ Annecin V & Dead
reagent 100 pl& H7bste] Ao A 3027t wh&tith @4
3 A ZE= Muse™ Cell AnalyzerZ #4139t}

Mitochondrial membrane potential (MMP)2| &4

HN22 A9 MMP ¥3 A5 & =43}7] 913t HN22
MEE 6-well platee] wl3t1, LGE 0, 50, 100 2 150 uM9}
FEZ 48A1ZF AP EAT LGE AHEd AXE 343ty 1X
Assay buffer (Merck Millipore, Darmstadt, Germany)= A 4
gk &, MiroPotential working solution (Merck Millipore,
Darmstadt, Germany) 95 ul& #7}3te] 37°Coll A 2023t ¥
SAAYG. ¥ MEo| 7-aminoacinomycin D (Merck Milli-
pore, Darmstadt, Germany)E 5 ul A 2|8t} 24 1087
#3421 & Muse” Cell Analyzer2 2743t}

HN22 M EZE 6-well platec] 2447t 5 w43 &, LGS
ok 22 AEstAth LG Ae &, MEE 3538t PBS
Z A ¥ ¢ & Muse Oxidative Stress Reagent working sol-
ution (Merck Millipore, Darmstadt, Germany)< # 23}
37°Coll A 3087t HHS- A AT A ZE Muse' Cell AnalyzerS
o] &3k AT

LG9 & &4 714<S 98]7] 9180 apoptosis 2H ] Bl
chul 2 2 Western blot& 83t AT
LGE ¥5 ¥ g3 HN2 A& PBSE A 43 3, RIPA



lysis buffer (iNtRON, Korea)E % 7}3to] sonication 31T,

£3)9 TS 13,000 rpm o2 3087 94 Beate] B3
& AFstaleh. 5% 9¥d 58 BioRad DC Protein
Assay (Bio-RAD, Hercules, CA, USA)E ZAA g & SDS-
PAGEZ 7] 4% 0}05{1’4- 294 U‘rﬂﬂé S polyvinylidene
fluorideZ HoJAIZ] ¥ 0.1% tween-20< 3-8 PBS (PBST)
of %l EAFE o] &3t blockmgO}?iE}. PBSTZ 222 Al
A3 3 12 FAS Asho 4°CollA 14413t 5 w35t
. Polyvinylidene fluorideE PBSTE 303t Al &3 $of
Horse radish peroxidase”} ®714€ 22t A & Aelste] 4L
ol 2417 F< W3ttt B A S Western blotting lu-
minol reagent (Santa Curz Biotechnology, Santa Curz, CA,
USA)E ©] &3] ImageQuant LAS 500 (GE Healthcare,
Uppsala, Sweden)Z £4 3} 4l t}.

SAEN

BE AF A= 37 (mean values) + EFHAH(SD)RE
Uebodth 49 48 dolee $A4 w42 EaEs
(Analysis of Vatiance, ANOVA)S At&3te]l AF319 1, p

value<0.05¢] 7% 4ol e A2 AGsan.

LG AMz|ofl 28t HN22 MZ2| Z4| AR & apoptosis

=

SOl FgES “5“&5}11], aﬂ ﬂ 2 FEA o} 22
e T}H20, 40]. o] & 17l A Hepato-
cellular carcinoma H]ET_"J HepG2 ¥ PLC/ PRF/5 A Xl 24
A] 5% LGE AT at9lE M, ICs #h2 42 4955 uM
3725 uM O = e TH37]. E3, Glycyrrhizae radixol A
SE ol E F skl LGS pituitary adenoma Al
MQ Ml Z ¢} GH3 Al Z o 48A17F A3t & v 1Cs
17 2892 M 2 2729 M2 LERGTHS]. 7ol A
G7} 7743 GAE HN2 A o A HEE
B3 5elaty] st HN22 AZd LG (50, 100
2 150 uM)E 24, 4817 Bt A e § MIT assay = A A8}
T Fig. 1A Yebd Ao & 5 Aol LGE Adst
e w A E TR EHOE HN2 A EY S o] #94
02 Zr4H Atk HN22o| LGE 24417 5¢F HEstg S o
ICso & 204 pMo] ™, 48X 7 T2t AR S o ICs 7t
HN229J A1 138 pMol ATt 71 &9 = oll Al Bad nhep o],
T oM LGY F¢ a5 24
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S 0] JERITH1S, 39]. A ZF24 A7} apoptosis

3 dddol A oFE A7) f8te], Annexin
V/7-aminoacinomycin D ©|% @& 53 Muse" Cell
Analyzer2 433t 49 23, dzTdA Addez
apoptosis7t g A E9| BTV} 555+023% 2 UEOH,
FFES 150 pMo Al & 31.84+044% 2 FEYEH 22 apo-
ptosis7h frid-e Al Z o] HIE7t F7het it} (Fig. 1B). ol = LG
Aol o3 HN22 Al 29| 4] A7} apoptosis 27 A
ol &S FstAtt

HN22 MZEo| MZEFT| =H
a0l 0jxl= LGol I

A ZF719 7 A X7} DNAS BA, £9 2 F247]
T g s ofs 2dETH34] Cyclin D13} CDK4

U G2/M7| ZF ezl

A 1209 uN22 ICsp: 138 pM
= 1004 . (] 24 hr M 48 hr
= %
S 80- x g
S
-] %
S 60
> %
2 40
]
=
= 204
Q
0 T T I
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B A4 opm| 4 50 pM
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- ;5.0010.38;
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Fig. 1. Effects of LG on the cell viability and apoptosis in human
oral squamous carcinoma HN22 cells. HN22 cells were
treated with the indicated concentration of LG for 24 and
48 hr. (A) Cell viability was assessed by MTT assay. (B)
The apoptotic status was evaluated by Annexin V/7-ami-
noacinomycin D assay. The lower right part was per-
ceived as early stage of apoptotic cells and top right part
was considered as late stage of apoptotic cells. The sig-
nificance was presented as mean + SD, p<0.05 compared
to control group.
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9 CDK6S AF-e Gl @A AXNEA JYHH, cyclin E
9 cyclin A7} CDK2¢} 2%ste $A4A G1/S¢4 S A <t
FAA Y EAE 2438, cyclin A/cyclin B/ CDK1E#A
G2/M checkpoint® 24 @th[5, 34]. p27, p21 g p57e
‘7#-04 £243 CDKO| B2 282 Adsto] HEF7] AAE
21TH25, 34]. LGOl 93 AZ 4] I a3} A 237
of ol YA &Usky] ste], HN22 Al LGE

5S¢ HEHE A3 T Muse” Cell AnalyzerS %3
NEF71E ZA3AY. 1 A3} ApoptosisE UEM &
I HEd 2T 4F 663+ 12%2 HEIGS
UMl A 27.00£044% 2 A E H] &0 F7}HE+=

Ah(Fig. 24). B& G2/M 71& tz7Y

Y

BN e Iy l‘lr

| > @ |o

)
AN = v AA
o 26.7+0.60%AE ME ¥lE7 1EEl 30 pMo A 3710+
026%% F& & o2 F7hd A& FART(Fig. 2B). cy-
clin Bl CDC 25 243 AA EdAE FAs) G2/M7]

Aol & 2H3T}35]. WY, cip/kip familyS cyclin/ CDKs &
A AAAelw, ME 719 M-S vh=rh42]. HN22 Al Z o
A LG Aol 97 G2/M arrest 2] #HH 714 ol
sk, G2/M 7] F 2 MEF7] 2HAAE9] dad Ty
H3}Z Western blotl. & E}C’J 3t At} Fig. 2Co Ve HEo}
2ol LGA gl o) AlExF7] ¢4 24 AR cyclin B19
BEo] 4 H3oH, cyclin BN A E A3 MEF7)
z4-d 2% 98L& 3= CDKsS CDC29) #d &3 7ha
34 th. cip/kip family 749 p279] H&o] F7}+8k% .
wrekA, LG7F HN22 Al Z oA sub-G17]1¢] F7F 2 G2/M ar-
rests Tt AEZAE FETE AAET
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q}
= 2‘01 oM Hlsted, 48*]1 %J LGE AZF HN2 Al 2=
Muse™ Cell Analyzers %3] #4391 t}. Fig. 3Ac] b
23}, 2T M2 e 2418+129%% UEETH LG
(50, 100 2 150 ;M) & A28 HN22 A M2 3H& 27
24.69£0.54%, 48.38%0.63%, 59.45+1.08% = FEYEH o2 F
bt A £ 4 At MMPE mitochondrial apoptosis
AR Fa% 27 24 AR T[23]. AT Aol
S7hskH mEZEg ol BhH 9o £40o] Yojut apoptosisE
fEoh23]. LG Aol w2 HN22 Al Z A 9] apoptosis
ol JlofA PEZEg o} 75 L4 #osteAE 2
at7] flsted MMPY| W3t =& A 3= Fig. 3Bl
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Fig. 2. Effects of LG on cell cycle distribution and cell cycle
regulation protein expression in HN22 cells. Cells was
treated with 0, 50, 100 and 150 uM of LG for 48 hr.
Following incubation, cells were harvested, fixed and
stained with Muse™ Cell cycle reagent and analysed
by Muse™ cell analyzer. (A) Bar diagram showing the
percentage of apoptotic cells in Sub-G1 phase of cell
cycle. (B) The proportions (%) in each phase (G0/G1,
S and G2/M) of the HN22 cells. Each point represents
the mean of three independent experiments, expressed
by mean £ SD. *p<0.05 significantly different from
control. (C) The cells were lysed and performed to west-
ern blotting. The expression level of actin was used as
internal controls.



Uehd vheh 2ok AAEQ nEZEg ol HHYE A e
Q2T e Aolgle AE7F 93.244033% 2 YEl Y. LG
(50, 100 & 150 uM)E A €] & HN22+= 11.61£0.93%, 13.61+
0.26%, 29.541031% 2 A &|3 LGY ¥ =7 /1242 v &
Zogol A9 24 A=7 FUkstd o W4 apopto-
sis 42 MMP 24 9 ROS A4ts} 22 & #AHo] o] g
MEAEE o7 ASE YFHUTH33, 39]. o] AF&
LG A2l 9 HN22 A Z 2| apoptosis ol = ROSS| A
A3 o] E B3 MEZEFC} 7T a4 BATE BAE
t}.

HN22 MZWM apoptosis 221 EHHZIO| Hks Gl Multi-
caspase EAs0f CHst LGS &1t

LG9 Aol 93 HN22 Al A EAE &3} 7
0}17] 93}, apopt031s #d 9 X":«l W g

[10]. 78—kDa glucose regulated protein (GRP78) % CCAAT/

A Ao

0 uM| 100 50 pM|
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MitoPotential (HN22)

Fig. 3. Generation of ROS and defect of MMP by LG treatment
in HN22 cells. After treatment with various concen-
trations of LG for 48 hr, the generation of ROS (A) and
change of MMP (B) were analyzed by Muse™ cell
analyzer. The results are presented as the mean + SD
of three independent experiments.
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enhancer-binding protein homologous protein (CHOP)> ER
stress®] maker24] AM8-5 ™, GRP78-2 anti-apoptotic A
2A 243t CHOP ER stressol ]3] FZ5 & Al ZAH
T8 AAF A T2, 41]. Western blottingS A Alet 2 3},
LGAH gl 93l ER stress marker$l GRP78¥ CHOPY| %@
T FEYEH T F7I8IAH. Bcl-2 familyll = apopto-
sis§ =3t pro-apoptotic protein (Bad, Bax, BID % BIM
)% apoptosisE A3+ anti-apoptotic protein (Bcl-2,

A HN22

0 50 100 150
| etm—

LG (uM)

CHOP

002 006 007  1.00
W GRPT8
0.05 068 065 1.00
- e 4 | .

0.00 044 023 1.00

R e iy | Apaf-1
004 026 006  1.00
ey | C-PARP

0.00 0.01 0.09 1.00
A e A e actin

4 opM| 4 50 p

3 (2 90:0. 48) 3 (5.9320. 37)

2 2 '

1 ~,-4 1 .'.
Z . @70£0.14) (4.8941.08)
2170 1 2 3 4 0 1 2 3 4
=1 4 100 pM| 4

A - (9;4_3:‘:%:.'5,1.60) 3

2 1. 2

1 : 1

o (699081 (9.4740.73)

0 1 2 3 4 0 1 2 3 4
rd
Multi Caspase (HN22)

Fig. 4. Effects of LG on protein expression and multi-caspases
activation related to apoptosis. The HN22 cells were in-
cubated for 48 hr in the presence of LG (0, 50, 100 and
150 uM) concentrations. (A) The cell lysed and performed
to western blotting using specific antibodies. Expression
of CHOP, Bax, Bcl2, Apaf-1 and C-PARP are shown.
Actin was used as an internal control. (B) Multi-caspase
(caspase-1, -3, -4, -5, -6, -7, -8 and -9) activity was meas-
ured by Muse™ cell analyzer. The values are expressed
as the mean * SD of three independent experiments.
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Bcl-XL, Ba-W 2 Mcl-1 §)2.& FA 5 0] 2th[13, 19]. Pro-
apoptotic Bcl-2 family 24 Baxe= A oA Fol& A9
W& A53tl Bade Bd-2 B BaxL¥ 43 #E3ts A
FETH28, 32]. Aot AEA ol Ado] €W caspasest
proteolytic protein®] #4317} L Ho| A ZAE S FEg
Th32]. wekA, LGl HN22 M e A apoptosisE % 3}7]
9 3tod Bel-2 family @9 A o TH A4S Fig. 4A° HER
o AAE Ao A & %ol LG Al 9ste] Bel-2
family 94 Z )43l pro-apoptotic protein®] 35}
Bax?| 2do] wEoEH o FUIEAY. BaxE AAlst=
anti-apoptotic protem?_] Bcl-2 ¥ Bc-xLY AfoE 74T
glow oo gt FrlAQd A1V ILE
AoZ Helth O]: Bax2] @& %7}7} mitochondria-medi-
ated intrinsic pathway &4l 7193t ¢& 2oz 4T -
Sith. ob&e mEZEgol B9 AR Qe AlEA
29 cyto OF WEH ol wheh Apaf-l % caspase 9 # A sk
apoptosomes 33} caspaseE< A SHAIA apoptosis
< fTE@TH12]. Aoptosome®| pro-apoptotic marker ¢
cleaved Poly (ADP-Ribose) Polymerase (C-PARP)< fr=3}
of DNAY EFEZ go} AZAEE dothe]. watA,
HN22 Al 2ol LG A& & A7 Apaf-13} C-PARPY #d 0|

74 oi Zzg}

FTE YJEHOE FIMG . Caspases M E7F M ZAE %
255 S ) Y aspartate 71014 Tl B 2ol
o &3 Hol MEAEE ZAAZT3]. LG7} caspase
U2 S gotr 7] 93k, multi-caspase (caspase-1, -3,

4, 5,6, -7, -8, 9)°] FHEZ Muse™ Cell AnalyzerE =%
3} th(Fig. 4B). 2T ANA = 5.60% =2 YEIHOH, 1552
245 caspase?] &443171 10.82%, 16.48%, 30.07% = LFEF
TF. HN22A Z ol A LGl Aol 98] caspaseE o] 4317}
FEEHOE FUMSHS eIttt ol LG7 HN2 A=
oA 991 @ Yol ARE Ealo JEAES FEITE
A AT o) e AdE Fda B LG 93 QU7
TN ZGEQ HN22 A 29 Z2] 9A7F N ZAE &
=o] 9% AYE &+ A £, LGS ub—Gl7]9] A
T 37}, G2/M7] cell cycle arrest @78, &4 AFo o
AZA 2EF 2, EZT ol A A4 9 A A T

MAEL 2BFORA 9AH J2T B AEAIL §
=3k whebd, 1GS Q4 48 A S 99
invico 43¢ FAT 5 YA, G 2o W3

013842) 9

10.

11.

12.

13.

14.

15.

16.

B2 ‘é-"%%g(%%) %f{l%% AT A (Project No. PJ
AR

References

. Alrushaid, S., Davies, N. M., Martinez, S. E. and Sayre, C.

L. 2016. Pharmacological characterization of Liquiritigenin,
a chiral flavonoid in licorice. Res. Pharm. Sci. 11, 355-365.

. Ariyasu, D., Yoshida, H. and Hasegawa, Y. 2017. Endoplas-

mic Reticulum (ER) stress and endocrine disorders. Int. J.
Mol. Sci. 18.

. Belmokhtar, C. A, Hillion, J. and Segal-Bendirdjian, E. 2001.

Staurosporine induces apoptosis through both caspase-de-
pendent and caspase-independent mechanisms. Oncogerne
20, 3354-3362.

. Bundela, S, Sharma, A. and Bisen, P. S. 2014. Potential ther-

apeutic targets for oral cancer: ADM, TP53, EGFR, LYN,
CTLA4, SKIL, CTGF, CD70. PLoS One 9, €102610.

. Chen, J. 2016. The Cell-Cycle Arrest and Apoptotic

Functions of p53 in Tumor Initiation and Progression. Cold
Spring Harb. Perspect. Med. 6, a026104.

. Degli Esposti, M. and Dive, C. 2003. Mitochondrial mem-

brane permeabilisation by Bax/Bak. Biochem. Biophys. Res.
Commun. 304, 455-461.

. Dickinson, B. C. and Chang, C. J. 2011. Chemistry and biol-

ogy of reactive oxygen species in signaling or stress re-
sponses. Nat. Chem. Biol. 7, 504-511.

. Elmore, S. 2007. Apoptosis: a review of programmed cell

death. Toxicol. Pathol. 35, 495-516.

. Fulda, S. and Debatin, K. M. 2006. Extrinsic versus intrinsic

apoptosis pathways in anticancer chemotherapy. Oncogene
25, 4798-4811.

Ge, G., Yan, Y. and Cai, H. 2017. Ginsenoside Rh2 inhibited
proliferation by inducing ROS Mediated ER stress depend-
ent apoptosis in lung cancer cells. Biol. Pharm. Bull. 40,
2117-2124.

Green, D. R. and Kroemer, G. 2004. The pathophysiology
of mitochondrial cell death. Science 305, 626-629.

Hassan, M., Watari, H,, AbuAlmaaty, A., Ohba, Y. and
Sakuragi, N. 2014. Apoptosis and molecular targeting ther-
apy in cancer. Biomed. Res. Int. 2014, 150845.

Hata, A. N, Engelman, J. A. and Faber, A. C. 2015. The BCL2
Family: Key mediators of the apoptotic response to targeted
anticancer therapeutics. Cancer Discov. 5, 475-487.

Huang, C. H. and Chan, W. H. 2017. Protective effects of
Liquiritigenin against citrinin-triggered, oxidative-stress-
mediated apoptosis and disruption of embryonic develop-
ment in mouse blastocysts. Int. J. Mol. Sci. 18, pii:E2538.
Kardeh, S., Ashkani-Esfahani, S. and Alizadeh, A. M. 2014.
Paradoxical action of reactive oxygen species in creation and
therapy of cancer. Eur. |. Pharmacol. 735, 150-168.
Kishimoto, K., Yoshida, S., Ibaragi, S., Yoshioka, N., Hu, G.
F. and Sasaki, A. 2014. Neamine inhibits oral cancer pro-



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

gression by suppressing angiogenin-mediated angiogenesis
and cancer cell proliferation. Anticancer Res. 34, 2113-2121.
Kumar, M., Nanavati, R,, Modi, T. G. and Dobariya, C. 2016.
Oral cancer: Etiology and risk factors: A review. J. Cancer
Res. Ther. 12, 458-463.

Lee, S. H., Meng, X. W, Flatten, K. S,, Loegering, D. A. and
Kaufmann, S. H. 2013. Phosphatidylserine exposure during
apoptosis reflects bidirectional trafficking between plasma
membrane and cytoplasm. Cell Death Differ. 20, 64-76.
Leibowitz, B. and Yu, J. 2010. Mitochondrial signaling in
cell death via the Bcl-2 family. Cancer Biol. Ther. 9, 417-422.
Liu, C, Wang, Y., Xie, S, Zhou, Y., Ren, X,, Li, X. and Cai,
Y. 2011. Liquiritigenin induces mitochondria-mediated
apoptosis via cytochrome c release and caspases activation
in HeLa Cells. Phytother. Res. 25, 277-283.

Liu, Y., Xie, S, Wang, Y., Luo, K., Wang, Y. and Cai, Y.
2012. Liquiritigenin inhibits tumor growth and vasculariza-
tion in a mouse model of Hela cells. Molecules 17, 7206-7216.
Lu, W, Feng, F., Xu, ], Lu, X, Wang, S.,, Wang, L., Lu, H,,
Wei, M., Yang, G, Wang, L, Lu, Z,, Liu, Y. and Lei, X.
2014. QKI impairs self-renewal and tumorigenicity of oral
cancer cells via repression of SOX2. Cancer Biol. Ther. 15,
1174-1184.

Ma, Y., Zhang, ., Zhang, Q., Chen, P,, Song, ]., Yu, S, Liu,
H, Liu, F., Song, C., Yang, D. and Liu, J. 2014. Adenosine
induces apoptosis in human liver cancer cells through ROS
production and mitochondrial dysfunction. Biochem. Biophys.
Res. Commun. 448, 8-14.

Mersereay, J. E., Levy, N, Staub, R. E., Baggett, S., Zogovic,
T., Chow, S., Ricke, W. A., Tagliaferri, M., Cohen, I, Bjel-
danes, L. F. and Leitman, D. C. 2008. Liquiritigenin is a
plant-derived highly selective estrogen receptor beta agonist.
Mol. Cell Endocrinol. 283, 49-57.

Mills, C. C., Kolb, E. A. and Sampson, V. B. 2017. Recent
Advances of Cell-Cycle Inhibitor Therapies for Pediatric
Cancer. Cancer Res. 77, 6489-6498.

Mishra, D., Singh, S. and Narayan, G. 2016. Curcumin in-
duces apoptosis in Pre-B acute lymphoblastic Leukemia cell
lines via PARP-1 cleavage. Asian Pac. ]. Cancer Prev. 17,
3865-3869.

Mukherjee, A. K, Basu, S, Sarkar, N. and Ghosh, A. C. 2001.
Advances in cancer therapy with plant based natural
products. Curr. Med. Chem. 8, 1467-1486.

Oh, H., Yoon, G., Shin, J. C,, Park, S. M., Cho, S. S., Cho,
J. H., Lee, M. H,, Liu, K., Cho, Y. S., Chae, J. I. and Shim,
J. H. 2016. Licochalcone B induces apoptosis of human oral
squamous cell carcinoma through the extrinsic- and in-
trinsic-signaling pathways. Int. J. Oncol. 48, 1749-1757.
Oh, H. N,, Seo, ]. H., Lee, M. H., Kim, C., Kim, E., Yoon,
G, Cho, S. S, Cho, Y. S, Choi, H. W., Shim, J. H. and Chae,
J. I 2018. Licochalcone C induced apoptosis in human oral
squamous cell carcinoma cells by regulation of the JAK2/
STATS3 signaling pathway. J. Cell Biochem. 119, 10118-10130.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Journal of Life Science 2019, Vol. 29. No. 3 301

Oh, H. N,, Seo, ]. H., Lee, M. H., Yoon, G., Cho, S. S., Liu,
K., Choi, H., Oh, K. B,, Cho, Y. S., Kim, H., Han, A. L,
Chae, J. I and Shim, J. H. 2018. Oridonin induces apoptosis
in oral squamous cell carcinoma probably through the gen-
eration of reactive oxygen species and the p38/JNK MAPK
pathway. Int. J. Oncol. 52, 1749-1759.

Passante, E., Wurstle, M. L., Hellwig, C. T., Leverkus, M.
and Rehm, M. 2013. Systems analysis of apoptosis protein
expression allows the case-specific prediction of cell death
responsiveness of melanoma cells. Cell Death Differ. 20, 1521-
1531.

Shimizu, S., Narita, M. and Tsujimoto, Y. 1999. Bcl-2 family
proteins regulate the release of apoptogenic cytochrome c
by the mitochondrial channel VDAC. Nature 399, 483-487.
Simon, H. U., Haj-Yehia, A. and Levi-Schaffer, F. 2000. Role
of reactive oxygen species (ROS) in apoptosis induction.
Apoptosis 5, 415-418.

Singh, S. K., Banerjee, S., Acosta, E. P., Lillard, J. W. and
Singh, R. 2017. Resveratrol induces cell cycle arrest and
apoptosis with docetaxel in prostate cancer cells via a p53/
p2IWAF1/CIP1 and p27KIP1 pathway. Oncotarget 8, 17216-
17228.

Taylor, W. R. and Stark, G. R. 2001. Regulation of the G2/M
transition by p53. Oncogene 20, 1803-1815.

Vilen, S. T, Salo, T., Sorsa, T. and Nyberg, P. 2013. Fluctuat-
ing roles of matrix metalloproteinase-9 in oral squamous cell
carcinoma. ScientificWorldJournal 2013, 920595.

Wang, D, Lu, ], Liu, Y., Meng, Q., Xie, ], Wang, Z. and
Teng, L. 2014. Liquiritigenin induces tumor cell death
through mitogen-activated protein kinase- (MPAKSs-) medi-
ated pathway in hepatocellular carcinoma cells. Biomed. Res.
Int. 2014, 965316.

Wang, D., Wong, H. K, Feng, Y. B. and Zhang, Z. ]. 2014.
Liquiritigenin exhibits antitumour action in pituitary ad-
enoma cells via Ras/ERKs and ROS-dependent mitochon-
drial signalling pathways. J. Pharm. Pharmacol. 66, 408-417.
Wong, R. S. 2011. Apoptosis in cancer: from pathogenesis
to treatment. ]. Exp. Clin. Cancer Res. 30, 87.

Yuan, X., Li, T., Xiao, E., Zhao, H,, Li, Y., Fu, S., Gan, L,
Wang, Z., Zheng, Q. and Wang, Z. 2014. Licochalcone B
inhibits growth of bladder cancer cells by arresting cell cycle
progression and inducing apoptosis. Food Chem. Toxicol. 65,
242-251.

Zheng, Y. Z., Cao, Z. G, Hu, X. and Shao, Z. M. 2014. The
endoplasmic reticulum stress markers GRP78 and CHOP
predict disease-free survival and responsiveness to chemo-
therapy in breast cancer. Breast Cancer Res. Treat. 145, 349-
358.

Zhou, Y., Wang, K., Zhen, S., Wang, R. and Luo, W. 2016.
Carfilzomib induces G2/M cell cycle arrest in human endo-
metrial cancer cells via upregulation of p21 (Wafl/Cipl)
and p27(Kipl). Taiwan ]. Obstet. Gynecol. 55, 847-851.



302

BBULRIX| 2019, Vol. 29. No. 3

]

X5 TZHINEAS MZHAM 2= 72 Liquiritigenin®| &34, MEZF7| X & MEZAE RE

ko

gorel! - 27 - YL - Ny
hva

(BZosta oFstos), 2R st A3, (F R FE ) 9 & A7)

Liquiritigenin (LG)-2 licorice 2] ol 4| &2 chiral flavonoido]th. LGE 43, ¢ 4 45 a34& 23
stof gd AEdd 248 AL Jo FAUFAEEFAA LG FY T L oFF HHAA it &
AFNA s FAAB G AZHN2) A LG &Y T AFsAth HN22 AlZ LGE A 2lste] MTIT
EHOE AE AEEE ¥7HetS 2™, Annecin V/7-Aminactinomycin D €4, AlZF7] 4 Multi-caspase 273
< Muse™ cell Analyzer® B4 3te] AEAE G52 Folstqeh 2427, 7499459 HN22 A 29| LGS
HAYA G2/M MEF7] ZAE Y0721, Western blotting £314] cyclin Bl 2 CDC2 #& 749} p27 @3
T7He s d . LGe 8444 FY A4S 833, CCAAT/enhancer-binding protein homologous pro-
tein (CHOP) ¥ 78-kDa glucose regulated protein (GRP78)9] @& T EAH 02 FE3}ATh HN22 Al Zo|
LG Azl M EZED o} B9 £ (AYm)S YoAT LGE A HN22 Al 29 &3 £44 3 apop-
totic protease activating factor-1 (Apaf-1), cleaved Poly (ADP-Ribose) Polymerase (C-PARP) ¥ Bax9| %<
S7Hte gQsint. webd 2o A LGo] TFHEFAAY AE) AZAE S feste] FUA 4TS
& g e AY FdFede AR



