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B-Lapachone is a natural quinone compound originally obtained from the bark of the lapacho tree
(Tabebuia vellanedae), which has been used in traditional medicine in several South and Central
American countries for treating various diseases. Although B-lapachone has been reported to have
potent anticancer activity in many types of cancer cells, its effect on the proliferation of hepatocellular
carcinoma (HCC) cells is still unclear. Therefore, in this study, we investigated the effect of p-lapachone
on the proliferation of human HCC Hep3B cells. According to our results, the decrease in cell viability
of Hep3B cells caused by B-lapachone was closely related to the induction of apoptosis, which was
confirmed through changes in nuclear morphology and flow cytometry. In addition, in Hep3B cells
treated with B-lapachone, the expression of Bcl-2, an anti-apoptotic factor, was decreased, while the
expression of Bax, an apoptosis inducer, was increased, and the activity of the caspase cascade was
also increased. However, in the presence of a pan-caspase inhibitor, B-lapachone-induced apoptosis
was weakened, indicating that the induction of apoptosis by p-lapachone was caspase-dependent.
Moreover, B-lapachone treatment activated extracellular-regulated kinase (ERK) signaling while inhibit-
ing activation of the phosphoinositide 3 kinase (PI3K)/Akt pathway. Furthermore, the effect of the
ERK inhibitor on suppressing the induction of apoptosis by B-lapachone was minimal, and the PI3K
inhibitor significantly increased B-lapachone-induced apoptosis. The findings from this study will con-
tribute to a better understanding of the anticancer activity of P-lapachone in HCC cells.
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A& 7HIT3, 16]. MEAPE S WA= AF9] FR/ol o
g AEzT S5 84 vl £ <204 (membrane death re-
ceptor-mediated extrinsic) 2 Pl EZ =g o} w7 WAA Al
ZAFE 74 2 (mitochondria-mediated intrinsic apoptotic path-
ways)Z IA TFEHTCE o] F 7}R & caspase A 2| FEZ
Q AREoH, A=z W T¥d A5 Al ot =4
HtH7, 19]. 2L 5 thioredoxin (Trx)d} ©]2] ol Fos}
+ Trx reductase (TrxR)ZE T4 Trx/TrxR A] 2282 HA
o] F2] oA 4ts}l-gh 4l & (redox signals)Z2 A1 4 A
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buia vellanedae®] A A A Eeld S EL=ZA A
A = 33E(quinone compound)®] ¥ E T2, 27]. B-
lapachone®] &<t &2 NAD(P)H: quinone oxidoreduc-
tase 1 (NQO1)e| A& =4 S(bioreductive activa-
tion)2} LAHT T o] JTH9, 43, 47]. L] 3L NQO1 =4
A2 A4 B-lapachone &4J4FAF(reactive oxygen species,
ROS) A A 9]_%24 /q]ﬁ q.] A FTAE X315l A=
A AE2F7]19 552 Adsta A ZAE S 28}
H FHolE ﬁxﬂf&v}[s, 14, 17, 27, 37, 40, 53, 54]. H*
Zhang 5[56]2] E.11o &]3}H, B-lapachone TrxRe| &
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3 W &Y (pro-myelocytic leukemia) HL-60 A3 2] A EA}
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AlF o, TrxRe] &4 A= B-lapachone
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28 Aol ¥ F Aee AT 1Y OE ¢
Aol Hlste] Trxo] We] H& Zo deizl 749} Al

=
o A] B-lapachone] ¢ A2 %3] wH|gE AA o]

TH39]. 28 EE B AFE TrxR A3AI2F FA 2 gl
o3t A S FVHANE F e HAAE E=9 o
o2 IFAELZE Hep3B Al EZ oA B-lapachone ] 2] ol

0E Y 24e A

MIZHH Y B-lapachone?| X 2|

B Ao A ALEE Hep3B Al 3E+= American Type Cul-
ture Collection (Manassas, VA, USA)ol A 4355 o,
10%2] fetal bovine serum3} 1%<] penicillin/streptomycin®|
3+ Dulbecco’s modified Eagle’s medium (DMEM)< ©]
834 37°C, 5% CO,9 =10l A w3ttt Al zuf <k
of a3 AFZTEL EF WelGENE Inc. (Gyeongsan,
Republic of Korea)oll 4] T8}t B-lapachone Biomol
(Plymouth Meeting, PA, USA)ll A 43+ 2™, 100% o
2o = 10 mM2] stock solutionS THE 5 Al 3Zujj F
DMEM Hj#]ol| 2] 4{3sle] Hep3B Aol 2]ttt

Nz MES 53
B-lapachone *]2]ol W2 Hep3B M E 2] AX YEE &
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218 9)3) 6-well plate (1.3x10° cells/well)ol] 4] £Z DMEM
ol Al 24A17F Wl F &, ThSt 5 =2] B-lapachone®] E &
DMEM #i Ao Al A 2|3t 24A17F F<F vl F3EAY 3.5
uM2] B-lapachoneS *|El8led AAH AIZF B2t vl &3S
t}. o}£2] pan-caspase & A A2l N-benzyloxycarbonyl-Val-
Ala-Asp-fluoromethylketone (z-VAD-fmk, Sigma-Aldrich
Chemical Co., St. Louis, MO, USA), phosphoinositide 3 kin-
ase (PI3K) &AIAIQ] LY294002 (Cell Signaling Technology,
Danvers, MA, USA) 2 extracellular-regulated kinase (ERK)
A A A2l PD98059 (Cell Signaling Technology)E Al 5
dol = A T2 DMEM iAo 3] Asko] 143E
A8 3.5 uM 2] B-lapachones A E]3t] 24413 F<t
F7F wjoksldth. 287k By AlEel 2,5-diphenyl-2H-
tetrazolium bromide (MTT, Sigma-Aldrich Chemical Co.) &
A& H7V3te] 37°CAl A 2A13F F?F A1 7] 3L, dimethyl
sulfoxide (Sigma-Aldrich Chemical Co.)& H7}sl 10&
59 A E formazanS 833 TE ©]91 A enzyme-linked
immunosorbent assay (ELISA) microplate reader (Molecular
devices, San Jose, CA, USA)E AH8-3}4 540 nmoll A 33+

WEE 24 AZ A28 BRI

N HEf zta

B-lapachone *]2]ll W2 Hep3B A2 2] FH] Wsl= 35
puM2] B-lapachones 24 AlZt &<t Al F, 91443 €
7d(Carl Zeiss, Oberkochen, Germany) 3}oll A 323} 9t
=3k o] Fe HeE #@3s)7] $l8l A= B-lapachone
o] Agl¥ A EE phosphate-buffered saline (PBS) 88 S
2 FA &, 4% formaldehyde & 2H(Sigma-Aldrich Chemical
Co)o.2 2ol 1083 2 ASAT 2 A" AEE 4
6’-diamidino-2-phenylindole (DAPI, Thermo Fisher Scientif-
ic, Waltham, MA, USA) €9 o2 10837 94 % PBSZ
—r/H] 33 Hu|Z(Carl Zeiss) Stoll A 3] ez W3}
£ st

MIZALH

B-lapachone®] *{€]¥ Hep3B M ENA F=¥ A EZAL
o] =& H7187] 915+e] Annexin V-FITC Apoptosis
Detection Kit (BD Biosciences, San Jose, CA, USA)E A&
3tA( T o] & $13] B-lapachone®] *E]¥ A X E PBSE
A A T 208 S 4CoAA 75% g2 AAHA A
A zALe] A3 o wel 1A A3ZE annexin V/propidium
iodide (PT) &4 0.2 okz7lo]A] 205 S0 AT, 4]
X 2 7](Becton Dickinson, San Jose, CA, USA)E ©] &3}
o AlZAIEo] F5=9 A Z(annexin-V'/PI L annexin-V'/
Pl WIER 2+&3}99 0} o8 z-VAD-fimk, LY294002
9! PD980597} B-lapachoneol] 2§ M ZALE FXo v X]
= 9L B£4317] Y8t A= B-lapachone A ] 1A17F
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B-lapachone * 2]% Hep3B M EANA M EZAE 24
d fFRAEe] Tde AA FEoAA A7) 98k
reverse transcription-polymerase chain reaction (RT-PCR)<
TY3A. ol & #ste] A7k FLT =NA wjFE
Hep3B A3 9] % RNAE TRIzol reagent (Thermo Fisher
Scientific)2 FZ3}¥th. FEF%F RNAE 24 tid 4
2} 9] primer (Table 1)9} AccuPower” RT-PCR PreMix &
Master Mix (Daejeon, Republic of Korea) 2 Mastercycler®
nexus-PCR Thermal cycler (Eppendorf, Hamburg, Germany)
E AHEste FE5HATh &9 A=EE$ ethidium bro-
mide (EtBr, Thermo Fisher Scientific)®] &% 1.5% agar-
ose gelS A3t 7] Y522 £ F ultraviolet 3}
A Ed ¥stE #Es AT

cHE disl

24

Western blot 43l 2]&} B-lapachone©] * 2] ¥ Hep3B

Table 1. Primer sequences used for RT-PCR in this study

Aol A AZAE g AlZ f 2sA ] 2-ol nX]&
T8 g d S WH WIE Aelr] 95t AlZ Y
FEW A& RIPA Buffer (Cell Signaling Technology, Inc.,
Beverly, MA, USA)E &3 th F&9 @& -2 Quick
Start™ Bradford Protein Assay (Bio-Rad Laboratories, Her-
cules, CA, USA)E A& % sodium dodecyl sulfate poly-
acrylamide gel& ©]-83te] 7] I o2 23t th Gel
of HEzl® T@wA-2 polyvinylidene fluoride membrane
(Schleicher & Schuell, Keene, NH, USA)S.2 o]-gA] 7] AL,
4T A 12413 o) F AE thd @ d o] 12 A9 jE
S A1 713 A2 A 23} A (Peroxidase-labeled donkey anti-
rabbit immunoglobulin % peroxidase-labeled sheep anti-
mouse immunoglobulin, Amersham Corp., Arlington Heights,
IL, USA)$} 2413 BH-S-AZATE ©] 914 membrane< ECL™
Detection Reagents (Sigma-Aldrich Chemical Co.)2} ¥H-&-A|
7] 4L, Fusion Solo S (Vilber Lourmat, Torcy, France)2 Z+
e I HEE AFSHATE Western blot 245
3l A28 &A= Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA, USA), BD Biosciences (Franklin Lakes, NJ, USA),
2 Abcam Inc. (Cambridge, UK)ol| A -3} Th(Table 2).

Gene Sense Antisense

Bax 5'-ATG GAC GGG TCC GGG GAG-3' 5'-TCA GCC CAT CTT CTT CCA-3'
Bcel-2 5'-CAG CTG CAC CTG ACG-3' 5'-ATG CAC CTA CCC AGC-3'
Bel-xL 5'-CGG GCA TTC AGT GAC CTG AC-3' 5'-TCA GGA ACC AGC GGT TGA AG-3'

GAPDH"

5'-CGG AGT CAA CGG ATT TGG TCG TAT-3'

5-AGC CTT CTC CAT GGT GGT GAA GAC-3'

*Glyceraldehyde-3-phosphate dehydrogenase

Table 2. List of antibodies used in this study

Antibody Species raised Dilution Product Code Source
Bcl-2 Mouse monoclonal 1:1000 sc-509 Santa Cruz Biotechnology Inc.
Bax Mouse monoclonal 1:1000 sc-7480 Santa Cruz Biotechnology Inc.
caspase-8 Mouse monoclonal 1:1000 sc-56070 Santa Cruz Biotechnology Inc.
caspase-9 Mouse monoclonal 1:1000 sc-56076 Santa Cruz Biotechnology Inc.
caspase-3 Rabbit polyclonal 1:1000 #9662 Cell Signaling Technology Inc.
PARP Mouse monoclonal 1:1000 sc-8007 Santa Cruz Biotechnology Inc.
p-ERK Mouse monoclonal 1:500 AB-10895978 BD Biosciences
ERK Mouse monoclonal 1:1000 AB-397529 BD Biosciences
p-JNK Mouse monoclonal 1:500 sc-6254 Santa Cruz Biotechnology Inc.
INK Mouse monoclonal 1:1000 sc-7345 Santa Cruz Biotechnology Inc.
p-p38 MAPK Mouse monoclonal 1:500 sc-166182 Santa Cruz Biotechnology Inc.
p38 MAPK Mouse monoclonal 1:1000 sc-81621 Santa Cruz Biotechnology Inc.
p-PI3K Mouse monoclonal 1:500 ab86714 Abcam Inc.
PI3K Mouse monoclonal 1:1000 sc-1637 Santa Cruz Biotechnology Inc.
p-Akt Mouse monoclonal 1:500 ab81283 Abcam Inc.
Akt Mouse monoclonal 1:1000 sc-271149 Santa Cruz Biotechnology Inc.
actin Mouse monoclonal 1:1000 sc-47778 Santa Cruz Biotechnology Inc.
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T}F3k H = 9] B-lapachone©] 24A1F *] 2] E Hep3B Al
Z oA caspase-3, -8 H 99 A& ZASH] YA E
R&D Systems, Inc. (Minneapolis, MN, USA)ol|l A ¢t
ELISA assay kit& A-83F3Th ol & 93t A7} 8¢
/ﬂ]ig Rof A zALe] Ao E3tA kitoll AlFH 83

AHgste] A E &3lAI7]aL, 2 Aol A
1—§_ ok,] E]—Hﬂ?é]_o 7L caspase«] 7]7‘\401] 6’]—05‘:]
reaction buffer2} E33te] 37°CoN A 2413t B¢ vHSAIF
o}, ¥ &, ELISA microplate readerE AF-8-3}a] 405 nmol|
A9 FEEE S48t dEze g A E 2 cas-
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GraphPad Prism® (Graphpad Inc., San Diego, CA, USA)<
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S zAFEE7] 93ske] thakdl 5 2] B-lapachoneS 24
2I3FAY, 3.5 uM 2] B-lapachoneS & A AT &< A &
3 MTT 248 A A3t NAD(PH 2J&A4 AlE 43}
Y G20 FAL 7HEeZ 3 MTT 84 Ao o3}
™, 2 uM9| B-lapachone * 8]7}A] = T+l 1|5t
FoZHA AZx =S Tae AT 23y 3 uM o]
9] B-lapachone= A& ¢, A7l wx9 F7l wet
N AZgo] oo 7HAEH oM, 3.5 M| p-lapa-

MNIZALHO| 0|X|= B-lapa-
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4713t

or 2t rul

chone®] *2]¥ Hep3B A|ZoA A& 6417 THE A
A Ego] AA3 7+238UTHFig. 1A D B). =3}, B-lapa-
chone®] A 2] $57} S7}&+F Hep3B A2 A9
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*

*

6 12 24
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Fig. 1. Inhibition of cell viability and induction of apoptosis by B-lapachone in Hep3B cells. The chemical structure of B-lapachone
is presented in (A). The cells were seeded and then treated with various concentrations of B-lapachone for 24 hr (A)
or 3.5 uM B-lapachone for the indicated times (B-E). (A and B) After treatment, cell viability was determined by MTT
assay. Values are the means + SD of data from three independent experiments (*p<0.05 versus B-lapachone non-treated
cells). (C) The morphological changes of the cells were observed under a phase-contrast microscope (magnification 200x).
After DAPI staining, changes in nuclear morphology were observed under a fluorescence microscope (magnification 400x).
(D and E) Quantitative evaluation of apoptosis by B-lapachone treatment was performed using annexin V/PI staining
and flow cytometry. Values are the means+SD (p<0.05 versus B-lapachone non-treated cells).
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AFeTh Bel2 AlE @ E F, Baxe P EZE o} 9

B} £ 34 (mitochondrial outer membrane permeabilization)

S7HA mEZEgof yutat 29t Aol EAshE
cytochrome ¢&] MZAZ9] FE& F 5314 caspase cas-
cade 45 T3 v[EZ=go} wizf HAAE AlEZAME A

2 iAol Bofsi, Bel-29k 22 Al ZAME oA AAE

FEOAM

=
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=
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=

S o] Z&-8 JA3TH29, 44]. Fig. 2A E BY] RT-
PCR ¥ Western blot =41 2] A3}, B-lapachone®] 2] A|Zt
71l we} Baxe] Wd-2 AA Y WY A F71e)
RO, Bel-2o] A2 HAskdT o83 Aas 54
% & AlZ£F BI6F10 Al ZollA #2d 759}

oh27], E3k AGS A AlE, At AT FEF

A3, B T24 A E SolA g Aok A
[31, 46, 54]. £3], B-lapachoneol] 2|3+ Z4A
(myeloid leukemia) A|3Z2] H3EAFE o] Bel-22] 3 o
o3t AAE A= A8 AT 2 I 42]= B-lapachone
2 glell 23k Hep3B A2 MEAE FEo| = Bax/Bel-2
Il vge FUF A BE A eS oSt 3,
HEFZ o}l et B4 7= MMPY &4d &
Zol™, MMPY &4 P EZEE o} 75 49 A&
o ti1, 26]. we+A B-lapachone©] *1 ] Hep3B AlE 2]
MMP ¥3}E JC-1 9AE T3 43192, Fig. 3A ¥
B fA4IE £4 ZA3, B-lapachone-> MMP2| 2] &<l
A4S sttt o] # g A= B-lapachone ] 2]l <
g Bax/Bel-2 & Bl &9| S7l=, M|EZEgot 7] &
ol & MEZAZE cytochrome ¢ =0l & U4
AZAE B2 Ao 71ostdvhar s 4 = Ti{32, 34].

o]

o
T
A

Hep3B MIZOIAM B-lapachonelil 2|8t caspase 2&F
NEZAY R

$+H cysteine-aspartic proteases©ll <3}

L L

+ caspase= U E

A Time (hr) C Time (hr) E Time (hr)
0 051 2 3 6 12 0 051 2 3 6 12 24 0 051 2 3 6 12 4
EEEEETEEY  Feee s o e [ BEEEEEE e
EEEEEEEN > Seeoon e [Seeseean] o
EECEeerr o wEEs. |~ EEESEEEE|-
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,HH“.‘IBEK D |---—-————-—|p33
5= O Caspase-3 - i
‘- o o & - | Bcl-2 S Caspase s |—=—-_'_=—=_=-—-—‘ p-PI3K
i * B Caspase-9 —
‘ |Actin g |-_-—--——-|PI3K
o
w
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&

0 6 1224 0 6 1224 0 6 12 24
Time (hr)

Fig. 2. Effects of B-lapachone on key regulators of apoptosis and intracellular signalings in Hep3B cells. The cells were seeded
and then treated with 3.5 uM p-lapachone for different times. (A) RT-PCR was performed using the extracted RNA
and the indicated primers. (B, C and E) Cell lysates were subjected to Western blot analysis with the indicated anti-bodies.
Actin was used as a loading control. (D) The activities of the three indicated caspases were measured using commercially
available assay kits. Values are the means+ SD (*p<0.05 versus P-lapachone non-treated cells).
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o
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04
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99

Fig. 3. Effect of inhibitors of caspase, PI3K, and ERK on B-lapachone-induced loss of mitochondrial function in Hep3B cells.
Cells were cultured for 1 hr in medium containing z-VAD-fmk (pan-caspase inhibitor), LY294002 (PI3K inhibitor), and
PD98059 (ERK inhibitor) and then treated with B-lapachone for 24 hr. (A) After JC-1 staining, changes in MMP were
measured using flow cytometry. (B) Values are the means + SD (*p<0.05 versus P-lapachone non-treated cells; #p<0.05
versus [-lapachone-treated cells). (C) Cell lysates were subjected to Western blot analysis with anti-pro-caspase-3 and
PARP anti-bodies. Actin was used as a loading control.
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Fig. 4. Effect of inhibitors of caspase, PI3K, and ERK on B-lapachone-induced apoptosis and inhibition of survival in Hep3B
cells. Cells pretreated for 1 hr with z-VAD-fmk (pan-caspase inhibitor), LY294002 (PI3K inhibitor), and PD98059 (ERK
inhibitor) were treated with -lapachone for 24 hr. (A and B) Quantitative evaluation of apoptosis was performed using
annexin V/PI staining and flow cytometry. Values are the means + SD (*p<0.05 versus PB-lapachone non-treated cells;
#p<0.05 versus B-lapachone-treated cells). (C) Cell viability was determined by MTT assay. (*p<0.05 versus B-lapachone
non-treated cells; #p<0.05 versus PB-lapachone-treated cells).
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