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Induction of Apoptotic Cell Death by Healthful Decoction Utilizing
Phellinus Linteus in Human Lung Carcinoma Cells
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In the present study, we investigated the effects of aqueous extract of the healthful decoction utilizing Pheilinus
linteus (HDPL) on the cell growth of human lung carcinoma tumor cell line A549. Exposure of A549 cells to HDPL
resulted in growth inhibition and induction of apoptosis in a dose-dependent manner as measured by hemocytometer
counts, fluorescence microscopy and flow cytometric analysis. This increase in apoptosis was associated with inhibition
andfor degradation of apoptotic target proteins such as poly(ADP-ribose) polymerase (PARP), b-catenin and
phospholipase C-v1 (PLC-v1) protein. HDPL treatment induced the down-regulation of anti-apoptotic Bcl-2 expression,
an anti-apoptotic gene, however, the level of Bax, a pro-apoptotic gene, was increased by HDPL treatment. In addition,
HDPL-induced apoptotis of A549 cells was connected with activation of caspase-3 and caspase-9 protease in a
dose-dependent manner, however, the levels of inhibitor of apoptosis proteins family were remained unchanged. Taken
together, these results indicated that the anti-proliferative effects of HDPL were associated with the induction of
apoptotic cell death through regulation of several major growth regulatory gene products such as Bcl-2 family
expression and caspase protease activity, and HDPL may have therapeutic potential in human lung cancer.
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cyclooxxygenases (COXs)Q] F 71X &84 & COX-29] &
e HeEoZ dmshe 74O§ »}FMO*DP 55@ CoX-29)
AEA Gk AAEHUME HEE X5k} dBHo] Ao,
I 3Fgol) gAR gieto) telomereA Z2EBH %@ﬂ = 7ta
£3% 9gte Sl human telomerase reverse transcriptase
(hTERT)Y] 2] w5t AR v YLt A2 HZEZ7]9 T
o= 2 glo] YTl Wk COX-2 Y hTERTS el
WU Ax 9l @ HDPLY Aglof] Qg QM =9 JESE T4
& HZF7] 4] Eo|&¢] apoptosis St} BFHO| Yg AOE
Z"Eo] B AFXE HDPLY Azlol 93 eHEI
apoptosis Fat 7|Hol &5 WSEH HZE ALSHAC
Apoptosist= 2HIEAIL} DNA &2}, glol3 A 24 Sofl 9
o 7EY 28 o}OH/H dolvks Fust Aol 71Rolgt Fof
/\4 necrosis@} FHEBETH™. IS} apoptosisi= 7NF BE4F o)A
E4F MEES AAE AT BQE ertoln, YO M 2F
7],1 olghojLt EF AMEF7| REQUAL &4 9] H3l7} apoptosis
9] FAolo] & 4 Yrk”. Apoptosis®] Faloll p530ILt, Bel-2
2 Bax®} 22 FHXIY} HIE caspase protease’} TSI
ALAo] Qe X|HA] apoptosiset ATE BAME 7|1H0] &2 ‘3—;301
AL Yk, 2 @FolAl= HDPLo 918 LAl 9] 43
& 5171 AR apoptosis Sl OJ AYES BHOH, o
] p53 Y inhibitor of apoptosis proteins (IAP) family H]9]&X
Q1 Bcl-2 family®] 4rs H3lo| WE caspase®] 4317} HDPL
ol SJ5t apoptosis Fitoll HAELS AAIGIATE
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1. ouﬂghuﬁok u) /\Igg] j;.]g]

E dTo] AFBE AS49 Q1A SUAZE SRHUETEET
Aol BF ol ARE3IH oM, FHIEY HiYkE Qo 90 %S
RPMI-1640 B X}(Gibco BRL, Grand Island, NY, USA), 10 %
fetal bovine serum (FBS)o] 1 %% penicillin B streptomycin
(Biofluids, Rockville, MD, USA)o] Z&H A ZHNAE AlEsle]
T} 2 Aslo] AISE AIRE AgAT0A ABE AR 595
A EHHDPL)O|} 2, Park et al”3} S 2 O HDPL 4
Y FEEES ol Azl HZIsIct
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gMslo AMelsiditt. 72412 3¢t HDPLol AZid MzZE
phosphate-buffered saline (PBS) MO FE £AMgt &, trypan
blue (Gibco BRL, Gaithersberg, MA, USA)E HMBIQTE 0|2
hematocytometeroll %31 & {44} dAojd(x 200) BlofA] 4o}
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HDPLY Agloll g QM| £ apoptosis Fih (I2E E0
5t7] st 0”4 %ﬂEH 3} BEG 95io] HDPLO] XEjg MEE
7 % paraformaldehydeZ &}2oll4] 10827t
GAZZIOl 4,6-diamidino-2-phenylindole
(DAPI, Sigma emlcal Co., St. Louis, MO, USA) & o]&
Sl 1023 HMBIITE ol MEE THA] PBSE 23] =4S &
Byen|gg ol8siel Wl Wel Wele ey ulasisch

4. Flow cytometry 244

&4+ B HDPLO| &7% uiX|olA] Afet GHEZES PBSE
FA W Aol I, IHH(70 % ethyl alcohol, 0.5 % Tween 20)
& Frlclod 4 TollA] IFAR] &, sidlol] So1x g ZAglchs
HAZZQl DNA intercalating dye propidium iodide (PL,
concentration, 50 g/ mé; Sigma)@} 10 kunit®] RNase (Sigma)Z
Aol 4 CTollA 1A7H50H HARSITE. 01& THA] PBSE F
H Aojdl S DNA flow cytometry (Becton Dickinson, San Jose,
CA, USA)ol MEAIAH FEutgol WE histogramE ModiFit
LT (Becton Dickinson) T Z IO F RAIFAT}.

& Y% Western blotting
l ol %?5}04 4 % HDPLo| Azl whXlojlA] ARt
HEEE lysis buffer® 6}1@ T, AE/JANELE AIZ ) TR}
Es B2 A = 59 o

ggoz 2sici?. l?’—i]% CHBAE  nitrocellulose
membrane (Schleicher and Schuell, Keene, NH, USA)2.5 F0}
ARl &, BF “/P‘ﬂ“éloﬂ thst SAleL 1ol tht o]A} Sk Hhs
£ 4A|gt F enhanced chemiluminoesence (ECL) &9
(Amersham Life Science Corp., Arlington Heights, IL, USA)&
H8A17) Thg Xeray filmo] ZBAIA BF chiag] g2 24
Sigich 2 Agd AREE NS
Inc. (Santa Cruz, CA, USA) ¥ Calbiochem (Cambridge, MA,
USA)A] FUBIHCm, ojAF &RlE AMEE  horseradish
peroxidase-labeled donkey anti-rabbit immunoglobulin

HlZ1E SDS-polyacrylamide gel &

2 Santa Cruz Biotechnology

peroxidase-labeled  sheep  anti-mouse

Amersham Corp.ol4] FIBISICY.

immunoglobulin2

6. Reverse transcriptase-polymerase chain reaction 43
BYE RolA FHlE UHMZE UHJOZ RNAzol B
(TEL-TEST, Inc., Texas, USA)E 0|85l total RNAE EB¢)6}
rh 22)E RNAE BYst &, duPo] £519 oligo dT
primer®} AMV reverse transcriptaseS 018381 2 ug9] RNAG
Al ss cDNAE §HJ6IATE o] cDNAZ templateE AFE5l &
2 thak W@XE polymerase chain reaction (PCR) ¥WfHOE &
Z3519{CHTable 1). 01w housekeeping SHAIQ] glyceraldehyde
-3-phosphate dehydrogenase (GAPDH)E internal control® A}
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S3H3ch 7 PCR AHEEE 1 % agarose gel& 0] &8l A7
E6}11L ethidium bromide (EtBr, Sigma)E @283t & UV 3lofjA]
SH

Table 1. Gene-specific primers for RT-PCR
Gene

name Sequence
XIAP Sence 5GAA-GAC-CCT-TGG-GAA-CAA-CA-3'
Antisence 5-CGC-CTT-AGC-TGC-TCT-CTT-CAG-T-3'
CIAP-1 Sence 5-TGA-GCA-TGC-AGA-CAC-ATG-C-3
Antisence 5TGA-CGG-ATG-AAC-TCC-TGT-CCS
vy Serice 5'fCAG-AAT-TGG-CAA-GAG-CTG-G-S:
Antisence 5'-CAC-TTG-CAA-GCT-GCT-CAG-G-3
Sunn Sence 5'-GCA-TGG-GTG'CCC‘CGACGT-TG-S:
Antisence 5-GCT-CCG-GCC-AGA-GGC-CTC-AA-3
Bax Sence 5-ATG-GAC-GGG-TCC-GGG-GAG-3
Antisence 5-TGG-AAG-AAG-ATG-GGC-TCA-3
Bolxl Sence 5'-CAG-CTG-CAC-CTG-ACG-3
Antisence 5-GCT-GGG-TAG-GTG-CAT-3
Bolo Sence 5'-CAG-CTG-CAC-CTG-ACG-3'
Antisence 5-GCT-GGG-TAG-GTG-CAT-3
GAPDH Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3

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

7. In vitro caspase-9 % caspas-39] 84 HF

Fluorometric assayoll 9]¢} caspase-3 % caspase-99] in
vitro 84 &8& A5l AlEF kity= CLONTECH Lab. (Palo
Alto, CA, USA) % R&D Systems (Wiesbaden-Nordenstadt,
Germany)oll Al Z+zh FIBlict & &8& sl g4 %
HDPLO] Helg wixlolA] 72417 sl QAIZE HOM
ice-cold PBSE 23] 4AIGLL FHIE bufferE 0|83l lysisE
AlIA 10,000 rpmOE 3027F Qale] A, 45AS 2o}
THRE S &g FYSHL AT W HDPLO] Mg U8 TollA
7¥7} 20 pgQ] TR A E F| 3} fluorogenic peptide 7]Z 100 pM
o] EHSE extraction buffer 50 o] 315193 O, microtiter
platecll THA] extraction buffero] 3418l Z} sample &
volumeo] 100 w7} EA SIPCP?. olml Al8" 71
caspase-39] A= Asp-Glu-Val-Asp (DEVD)-p-nitroaniline
(pNA)OI™, caspase-99] A2 Leu-Glu-His-Asp (LEHD)-pNA
Grt F0lE plateE 37 TollA] 2X]7H5QT incubation X171
VERSAmax tunable microplate readerE 0] &3} 405 nm<]
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1. @19 ¥Eo| p]|AlE HDPLY ¥El

TH|¥ HDPLE HEsEE 3|46t Al HtIE A549
of 72417k JCr Mgt &, trypan DblueE HA3lA
hemocytometer2 40l M EL] 45 748l HDPLO| A
2lEA 52 AETH v udt E3= Fig. 10 VIEP HESE 2Tk
Aol A & 4= ko] A2l HDPLY] 5T7t S7H S o4
2O HES2S =k JEHOE ZA4ge ¢ 4 U%on, E5
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Fig. 1. Effect of HDPL on the viability in A549 human lung
carcinoma cells. Cells were seeded as described in materials and methods, and
the viable cells were counted after HDPL treatment for 72 h. Results are expressed
as average from two separate experiments
2. HDPL Xglofl 9J¢} apoptosis 7

0149l HDPLY] Aelofl W M 29| S41 Axlole= Al
E9 AAZFC! HefolAl tieket FHeld HEE Faksisliom
(data not shown), 01218t QA Z9] LA S Held HEo]
apoptosis I 4BH0] JA=AE RASE] #1616 DAPI
stainingS A5k 319 HEHE ZAKSIGICE Fig 200 LIER B}
¢} Zo] HDPLO| A2IEA] 022 4 uiAlolA] Klgh @l ol Af
319] Hehrt sElshA SR Y4o] ¥ 2Lt HDPLO| &gl
B QHES] B2, YT S| A3k apoptosis7} Yol A E
oAl AgE oz #ET = apoptotic body7t HDPL Al 5%
AEH R B7IEIC
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Fig. 2. Induction of apoptotic bodies by HDPL treatment in A549
human lung carcinoma cells. Cells were treated with HDPL for 72 h, and
fixed and then stained with DAPI. After 10 min incubation at room temperature, the
cells were washed with PBS and nuclear morphology was photographed with a
fluorescence microscope using blue filter. Magnification, X400

3. PARP, B-catenin % PLC-v19] d¥lslo] n]X]:= HDPLY P&t

r}e HDPL Aglo 9]¢ apoptosis?] Fakg AMFSIE S
2 E83517] Y181 apoptosis SerA] EolslA Boi7F Yojuhe
= 7HA 35 Tl Zol widdel] U|Al= HDPLY] &8RS Western
blot analysis B} 0.2 XAISISITE Fig. 3AolA B 4 U%0]
HDPLY AE| 5% &7l we} MEl 249 |A19 23k
HEY HAL ZEo] Q8 p-catenin®® L DNA repair9}
genomic stabilityo] FTAFH= PARP whad 21*7o] widio] tis
AaEReH, MEY 4F8Wm Fio EQ9 9¥e ke
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Fig. 3. (A) Effects of HDPL treatment on the levels of PARP, B
-catenin and PLC-v1 protein in A549 human lung carcinoma cells.
Cells were incubated with HDPL for 72 h and total cellular proteins were separated
by 10% SDS-poiyacrylamide gels and transferred onto nitrocellulose membranes,
The membranes were probed with anti-PARP, ant-B-catenin and anti-PLC-v1
antbod:es. Proteins were wisualized using ECL detection system. Actin was used as
a loading control. (B) Increased sub-G1 population by HDPL treatment
in A549 human lung carcinoma cells. Cells were incubated with HDPL for
72 1 ard then analyzed by flow cytometry as described in materials and methods.
Results are expressed as average from two separate experiments
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22 HDPLY] Azloll &} apoptosis Faholl TodSh= 7]
g guisly] Y5k Bal-2 familyoll &5l /AR W3 4
£2 RT-PCR % Western blot analysis 2P OZ ZAIGIGTH
Fig. 4A mRNA FAMEES RT-PCREOCE TAISH AIEA,
apoptosis F2t oAl FoIdlE Bl-29 digio] Isk HDPL
HelEolA tha Al 2r, apoptosis R0l THISHE Bax
9 w8l HDPL A2 8% EHCE HA ZRkikes ¢
4 AT Fig. 4Bof| LIERA i 913 9] H T oA, Bax9] &
#2 RT-PCRY Zioxet FAGH AgdeE HYF o,
Bcl-2 member Ti8REl0] £61= Bel-Xs/19] a2 SASHAH 2+
2SS ¢ 4 Ak B HDPLA| 9i¢h apoptosis@] Fdtol]
£ apoptosis®] Fatoll TSH= Bax FHAM] UH S S7I5193
A2} apoptosis Fgt AJFof] Boidks FHUAEY 22 AiE
o7 ZAEUSE &+ AU

5. Caspase®] 2 W Yol viXl= HDPLY F&*

SH caspase proteaseth= G4 & A| apoptosis F2 A Zo)
ZQ30F ZREQKAEA ZE8l=H|, 0]E familyo] &35} vhld
E2 MjZol|A] &1} mitochondria®l Q2o £X3h, Bcl-2/Bax
family 2+319] Hslol ulg} o1 E9] gyt ZE5= Aoz ¢

BA A metd NS LR caspase B UIREY
apoptosis7} g M ZolA] =2 @45 E HAEF = caspase-3
4l caspase-99] wldloll n|x|= HDPLY H&E Ak} Fig.
59] Zoll4] & 4= RA%0l HDPLY| Al 98l S8
pro-caspase-3 THHZIO] w512 HDPL A7) & JEXC=E 74
2HACLE EBHH caspase-39] WEHS HJUFHCE FIIEIRCE
oleigt HYUE caspase- 90 M T RALSH AEHE Bo Fout
FESH S il Ud 5718 EF8] FEePE ofel
T} WA 0] &+9] Western blottingoll Qi5h 232 A &01617]
RABHH caspased] & FTE AF BT Ay}, HDPLo| Azl
B A FoME Al ST JEXOFE caspase-3 E caspase-9
9 4ol BF EIIEHIEE € 4 UNTHFig. 6). & HDPLY
Aol 2lgr UM ES apoptosis F2H2 Bel-2/Bax family©]
U M3l (B caspased] Ed3siel AF TR0 USE ¢
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Fig. 4. Effects of HDPL treatment on the levels of Bcl-2 family gene
products in A549 human lung carcinoma cells. (A) Celis were incubated
with HDPL for 72 h and total BNAs were isolated and RT-PCR was oerformed
using indicated primers. GAPDH was used as a house-keeping control gene. (B)
Cells were incubated with HDPL for 72 h, lysed and cellular protains were
separated by 12 % SDS-polyacrylamide gels and transferred onto nitrocellulose
membranes. The membranes were probed with indicated antibodies. Proteins were
visualized using ECL detection system. Actin was used as a loading control,
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Fig. 5. Proteolytic cleavage of caspase-3 and caspase-9 protein by
HDPL treatment in A549 human lung carcinoma cells. Cells were
Incubated with HDPL for 72 h, lysed and cellular proteins were separated by 12
% SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The
membranes were probed with anti-caspase-3 and anti-caspase-9 antibodies.
Proteins were visualized using ECL detection system. Actin was used as a !oading
control,

6. IAP family®] wlo] v]Aj= HDPLY H&k

T2 € apoptosis Sto] S Q3 caspase] B4 ZEQIAIQ
IAP family™™ S[A} 429 #8lE RT-PCT % Western
blotting 0]2351c] ZAISISITY. Fig. 701 LIER BI9} Zo] RA}
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Fig. 6. Activation of caspase-3 and caspase-9 by HDPL treatment
in A549 human lung carcinoma cells. Cells were treated with indicated
concertrations of HDPL for 72 h, coliected and then lysed. Aliquots (20 ng protein)
were incubated with DEVD-pNA (A} and LEHD-pNA (B) for caspase-3 and
caspase-9 activdy, respectively, at 37 °C for 1 h The released fluorescent products
were measured. Data represent the mean of two independent expenments.
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Fig. 7. Effects of HDPL treatment on the levels of IAP family gene
products in A549 human lung carcinoma cells. (A) Cells were incubated
with HDPL for 72 h and total RNAs were isclated and RT-PCR was performed
using ind:cated primers. GAPDH was used as a house-keeping control gene. (B)
Cells were incubated with HDPL for 72 h, lysed and cellular proteins were
separated by 12 % SDS-polyacrylamide gels and transferred onto nitrocellulose
membranes. The membranes were probed with indicated antibodies. Proteins were
visualized using ECL detection system. Actin was used as a loading control.
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