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Apoptotic Cell Death by Methanol Extract of Phellinus linteus-Barley
Corn in Human Leukemic U937 Cells through Induction of p21 and
Bax, and Activation of Caspase-3
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Phellinus linteus is a well-known Oriental medicinal fungus that has various biological activities, including
immunomodulatory and anti-tumor activities, the mechanisms of which are poorly understood. In the present study, we
investigated the anti-proliferative activity of the methanol extract of P. linteus-Barley corn (MEPLB) in human lekemic
U937 cells. It was found that exposure of U937 cells to MEPLB resulted morphological change and growth inhibition
in a dose-dependent manner as measured by trypan blue count and MTT assay. Upon treatment with MEPLB, U937
cells developed many of the hallmark features of apoptosis, including condensation of chromatin and an increase in
the sub-G1 population suggesting that the anti-proliferative effect of MEPLB is associated with the induction of
apoptosis. The anti-proliferative and apoptotic effects of MEPLB were connected with a marked induction of the
pro-apoptotic Bax and cyclin-dependent kinase (Cdk) inhibitor p21 in a p53-independent manner. Additionally, MEPLB
tfreatment significantly induced the caspase-3 activity in U937 cells. Taken together, the present results suggest that
apoptotic signals evoked by MEPLB in human leukemic U937 cells may converge caspase-3 activation through an
up-regulation of Bax rather than a down-regulation of Bcl-2 or Bcl-xL.
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HEHA FARIE FSAA NSt JBREI(P. linfeus-Barley
A

AE &g SoH8 PHor S8 MES 4F ASolt & &+
E L

ANCLHESIHT; 10-2005-0017321), 1ol BSE FAEQ) AFE=
AAE BE7E QlT b 2 d7oike JEmAY 243 &
Ugsol B 71E ATE SBHE FESEA] AERIGHLAL
QIAl HEBAIE UB7E 01831, 018 LM REY Slo) PIA]
T R FE29 gge A

As 2 W
1. 4ENE

AZ ] £&E(methanol extract of P. linteus-Barley corn,
MEPLB)S 7] 918l 27 kg 43HE] 100 g= 1,000 ml
9] methanolol] 48A]7}F &9 EEGH 3,000 rpmE.E 2087 9
A BUIAIA FRES AA BINUCt ol & thA] 045 pm@] o 1A
g ol8sld ER dEs Zeld & EZ7X6IH dimethyl
sulfoxide (DMSO) =] 1 g/mY] stock BROZ HZEE H
20Co] HEcal H8 s E diRlol A5l Melslaict.
mRNA 24E 18l Bioneer (Tagjeon, Korea)olA] F@igh
primere Table 10l LFERARIIL caspasesd) in vitro &4 &5 &
?13} colorimetric assay kitst= R&D Systems (Minneapolis, MN,
USA)ollA] - BIRTE

2. AZ9) ui et

gl ARgSH U937 AAETUMEE YEISETA
(KRIBB, Taejeon, Korea)oll A &k BIQYOm] 90%2] RPMI-1640
HRANGibco BRL, Grand Island, NY, USA), 10% fetal bovine
serum (FBS, Gibco BRL)o] 1%2| penicillin % streptomycin
(Gibco BRL)0] Z&F HAHIXE A3l 5% CO,, 37CY £
Z5lolA] RGO HiAl= oY 48A17HIICE W F AT

3. T Endg 0|88 MEFHu Ba
MZ %S 100 mm petri dishesol] MZE 1 X 10° 7H/mt
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Table 1. Sequence of primers used for RT-PCR
Gene

name Sequence
GAPDH Sense 5-CGG AGT CAA CGG ATT TGG TCG TAT-S:
Antisense 5-AGC CTT CTC CAT GGT GGT GAA GAC-3
Rax Sense 5-ATG GAC GGG TCC GGG GAG-3
Antisense 5'-TCA GCC CAT CTT CTT CCA-%
Bol7 Sense 5-CAG CTG CAC CTG ACG3
Antisense 5-ATG CAC CTA CCC AGC-3
BolXL Sense 5-CGG GCA TTC AGT GAC CTG AC-3:
Antisense 5-TCA GGA ACC AGC GGT TGA AG-3
XIAP Sense 5-GAA GAC CCT TGG GAA CAA CA ’
Antisense 5-CGC CTT AGC TGC TCT CTT CAG T-3
CIAP-1 Sense 5-TGA GCA TGC AGA CAC ATG C-3'Y
Antisense 5-TGA CGG ATG AAC TCC TGT CC-3
AP Sense 5-CAG AAT TGG CAA GAG CTG G3
Antisense 5-CAC TTG CAA GCT GCT CAG G-3
survivin Sense 5-GCA TGG GTG CCC CGA CGT TG-B’Y
Antisense 5-GCT CCG GCC AGA GGC CTC AA-3
1 Sense 5-CTC AGA GGA GGC GCC ATG-3
P Antisense 5-GGG CGG ATT AGG GCT TCC3
COX-1 Sense 5-TGC CCA GCT CCT GGC CCG CCG CTT*B"
Antisense 5-GTG CAT CAA CAC AGG CGC CTC T1C-3
COX-2 Sense 5-TTC AAA TGA GAT TGT GGG AAA ATT GCT-S’
Antisense 5-AGA TCA TCT CTG CCT GAG TAT CTT-3
INOS Sense 5-AGA GAG ATC GGG TTC ACA-3
Antisense 5-CAC AGA ACT GAG GGT ACA-3
hTERT Sense 5-AGC CAG TCT CAC CTT CAA CC-8"
Antisense 5-GIT CTT CCA AAC TTG CTG ATG-3
hTR Sense 5-TCT AAC CCT AAC TGA GAA GGG CGT AG-3
Antisense 5-GTT TGC TCT AGA ATG AAC GGT GGA AGY
TEP-1 Sense 5-TCA AGC CAA ACC TGA ATC TGA G-Si
Antisense 5-CCC CGA GTG AAT CTT TCT ACG C-3
o-mye Sense 5-AAG ACT CCA GCG CCT TCT CTCG:
y Antisense 5-GTT TTC CAA CTC CGG GAT CTG-3
Sp-1 Sense 5-ACA GGT GAG VTT GAC CTC AC-3
P Antisense 5-GTT GGT TTG CAC CTG GTA TG-3

4. HemocytometerE 0| &%t MZ HEE9 &7

F4 W g4gee] £&80] §F% XA At AHE
Zot §EME AMASHL ThA] PBSE 1 mt BVISIA & 4
HE B8 05% trypan blue (Gibco BRL)E SHOZ 4
Z 287 ARt & YR SulF(Carl Zeiss)S 01531 Lot
e NEE AssIict olo] WE ZME Microsoft EXCEL
programE ARBdle] BEASINTE

ro b U

5. MTT assayoll 9ISt Al HAAA ZA}

AZ LS 6 well plateol] EFT QIHEFUAEA 212
Hl FEEES sTEE AMEI5k] 48417 St BHFSIRATE 4841
Z WRE AASIL HEZY] tetrazolium bromide salt
TT, Amresco, Solon, OH, USA)E HAWAZ 3|45 34]
B Al 7, MTIT Aok W ZSHAl A AHGIL DMSOE 1 m
B2E510] welldl 44%E formazing IF 50 & 96 well
plateo] 200 pl¥ F7HA ELISA reader (Molecular Devices,
Sunnyvale, CA, USA)Z 540 nmolA SZTE SH3I¥ct &8

B oo
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Microsoft EXCEL programS AFZdle] 2438193

6. DAPI stainingoll 9Jo+ Alaxaio] Hey ¥

THIE MEE 22 THE 3.7% formaldehyde MO 108
SOt 11 =, 4 6-diamidino-2-phenylindole (DAPI, Sigma, St.
Luis, MO, USA) U2 F 42ojlA] GaAZT) 158 T g4
A7l 5, PBSZ. DAPL 84 SR MHSITL EF-T M
2] MA3} t}2 absolute alcoholS 018310 B4IAS AR
slide glass ?loll mounting solution2 A3t & FH dn|Z4
(Carl Zeiss, Germany)<S 01835k 400809 HHERE 2} =0 uh
B GHEY Ho FEl MSE BES th2 Axio Vision TR
He ol&dld A E9E FIct

7. Flow cytometry £43
& B R F&E50] gFE iRl 48417 B
HREAIZ] YHEZES 2,000 rpm O E 527 U4 BElsk 4}
HE ML MEST B9t} o7l ThA] PBSE E71ky
6] A2 T2 2,000 rpm Q. Z 527 QA1) 8 & 415
211 2 M Zol CycleTEST PLUS DNA REAGENT Kit
(Becton Dickinson, San Jose, CA, USA)E o185l 18 U ¢
S 51 4T, L4ollA] 302 St v2E Al7] THS DNA flow
cytometry (Becton Dickinson, San Jose, CA, USA)l & &A|H
FgHtgo] w2 histograme ModiFit LT (Becton Dickinson)
EZZEIHOTE BAMGIT

2o oy re
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8. Reverse transcription-polymerase chain reaction (RT-PCR)o
98 mRNAS] 241

THIE CIHMETUMEE PBSE MASFIIL TRIzol reagent
(Invitrogen Co., Carlsbad, CA, USA)E Azl5tod 4TolA 1117}
S WHSAIA total RNAS E2IBISIC) 22IE RNAS HHsh
2, 24719 primer, DEPC water 2|1 ONE-STEP RT-PCR
PreMix Kit (Intron, Korea)& ¥II Mastercycler gradient
{Eppendorf, Hamburg, Germany)E 0|83l &SZ3Igrt 7t
PCR AFZES A X012 801517] 91510] 1X TAE buffer®
1% agarose gel& THEIl well & 21219 primerd] SHGH=
PCR 4F=0]l DNA gel loading solutionZ 410141 loading 3t &
100 Velli} 27189 &€ sidirt. D719 8522 DNA £2e2l7) Bu
gele EtBrE 0183 GMSt 5 UV dlollAl EQI5LL Picture
works” photo enhancer® 0183l AR #dE dlge). olwj
housekeeping FXAK] glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) FH{ALE internal control=2 AM23I5CE

9. In vitro caspase-3 & -99] activity &4

HEHE] &2 Azlol At caspases?] EHE Lolr7)
folo] A g REshL FHsl 22 150 pgd PAS
fluorogenic peptide 712 100 uMO] B+3% extraction buffer [40
mM HEPES (pH 7.4), 20% glycerol (v/v), 1 mM EDTA, 0.2%

oft
e
o
R
o

NP-40 and 10 mM DL-DTT] 50 plofl Z§t519 2™, microtiter
plateo] TIA] extraction buffero] 3|A3lad Zt sample & &
volume0] 100 w7} E7A 3T FHIR plateE 3CoIA 3417}
&9 kS Al7] 3 ELISA readerg 085K 405 nm& &2 %
£ 01&sld B2 8L oIt Agd A8® 71
caspase-39] ZFole Asp-Glu-Val-Asp (DEVD)-p-nitroaniline
(pPNA)OIRIL caspase-92 Leu-Glu-His-Asp (LEHD)-pNAOIC}.

10. 8A A
HEHE FEE A2l GHo] i SAMTIE Student's
t-testo] QBIH L, p-valuer 0.05 TIRIQ] A2 FAHE ¢l

Hallrt

4

1. U937 A1Z28] el B 54 oAlo) o YHE] FEE9] 53
onldgol] o] HEE TIFS & W9 wollA 481
gl ZEES BAIL AR & T
Az Fele ¢gHe] 228 Al s%9 &71d ukgl oiet
oh A2 HENA HE S SHeIRen, 1k 4R F&EE
AMeldollAls MESY HHHELE ZefSISTHFig. 1A). U937 AlE
O] FelA [ AR YET Aol W B4 A g3 BY
3}317] 91319 hemocytometer counting W MTT assayS A
St A= Fig. 1Bofl VIERA B9} o) H4EHr] £E59] A

B

=2

<

s

04

0.0.640 nm

02

Cell number (X10%mI)

0 05 18 15 20 8 05 10 135 20
MEPLE (mg/ml) MEPLS {mg/ml}

Fig. 1. Effect of methanol exiract of Phellinus linteus-Barley corn
(MEPLB) on the growth of human leukemic U937 cells. () U337 cells
were treated with variable concentrations of MEPLB for 48 h. Cell morphology was visualized
by light microscopy. Magnification, X200. (B} The cells were trypsinized and the viable cells
were scored by hemocytometer counts of trypan blue-exciuding celis. (C) The growth
inhibition was measured by the metabolic-bye-based MTT assay. The data shown are means
+ 8D of three independent experiments. The significance of differences was determined by
Student's t test: *P { 005 versus untreated control,
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HgHe] £E2800 A p21 W Bax LS Z719) caspase FHIE B U937 IAEE A EY apoptosis T

2. 2 EEE ZEE Aol AFE U7 AES apoptosis Tt

HY 2 gaye 2220 28 wWXlY 48417 Sot
ek NESE T8 %, 99 WS DAPI @4 % BB

383
enlg ol ZARSH A3, Fig. 249 ZiolA] & & Q%o
A WA OlA] A U937 MZES o] AR 7 s Sl o
AElE ddg HACoU, HERE FEES AHid 42 A
SL7t E7V84E apoptotic bodyS) 84 ATV} E71EAct
DNA flow cytometry 241& &3t Al ZF719] sub-G1710l aigd
= MEZEY HITE XA ik Fig. 2C] VER v} 2
o] BF ey FEE Aol sk JEHE EEAE8ES
o 4 ARTH

MEPLB (mu»’ml)

B

€

158
125
0s
75
is
25

% sub.G1 cells

% apoptotic cells

g 05 1 15 2 e 05 1 15 2
NEPLB (mg/mi) MEPLE (mg/mp)
Fig. 2. Induction of apoptosis by MEPLB in human leukemic U937
cells. (A Cells were treated with MEPLB for 48 h and then stained with DAP solution. After
10 min incubation at room temperature, the cells were washed with PBS and nuclear
morphology was photographed with a fluorescent microscope using biue filter. Magnification,
X400, (B) The graph demonstrates the percentage of cells with formation of apoptotic
bodies. (C) Cells were exposed for 48 h with increasing concentration of MEPLB and then
the cells were collected and stained with Pl for flow cytometry analysis. The percentages of
cells with hypodiploid DNA (sub-G1 phase) contents represent the fractions undergoing
apoptotic DNA degradation. The data shown are means + SD of three independent
experiments. The significance of differences was determined by Student's t test: *P ¢ 005
versus untreated control.

&2 Aol W2 Cdk inhibitor p21 W9 £7}

te2 JE8HE FE29 Holdl g U937 M E] FA1d
& 3ol MEZF7] 2E AFQAL p212) W ¥i5l9 Aao)
A=A RE RABIMCL Fig. 39 ZijolA 2 & 50)
p21 SRR FAF E0 A9 wslo] 4EHE] 2EE 1.0 mg/
HH AE, 20 mg/mt AE]TFolAE oF 56)
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familyol] &Sk SRS Walo) vl 485

WEE  Azola JBBE] FEE) 49}
apoptosis 2ol Bel-2 & AP family QIAHESl #&d

RT-PCRE ZAK ZIH= Fig. 400l LIERA B19} ZTY. Fig, 44 75
HoA L 4 ARO[ apoptosisE FUSH= AT Bedo) U=

mﬁwln

Bax FEIALS] w2 HEEE] FEE APl 57t SVESFE
E7lEE A8 € HaFet, 1.0 mg/nl D 2.0 mg/unl AL
oA} 7tz 2800 B 5.2 FEE ©Olo] EUEAEE € ¢
ARCE. Tt Bl-29t Ba-XLE A LE F4 uiAl & 42He]

EE20] 71 uiAolA R ME BFolA & HIE 2
TR @RI} T8Il Fig. 591 AFolA] & 4= Aol &&HE]
Z&Ed WE ZAK 4714 IAP family®) $HA} WA HA}

SZoNA] §oARl xoIF G dbAS 4 it

A) MEPLS (ng/mi)

[ ¥
8 85 18 15 21

————— j-

B)

Band intensities
relative to GAPDH

- SN -]

8 05 18 1.5 28

WEPLB (mg/mi)
Fig. 3. Induction of cyclin-dependent kinase inhibitor p21 by MEPLB
in human leukemic U937 cells. (A) Aiter 48 h incubation with MEPLB, total RNAs
were isofated and reverse-transcribed, The resulting cONAs were subjected to PCR with p21
primers and the reaction products were subjected to electrophoresis in 1% agarose gel and
visualized by EtBr staining. GAPDH was used as an internal control. (B) mRNA levels of p21
were normalized against GAPDH.
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Fig. 4. Effects of MEPLB treatment on the Bcl-2 family expression
in U937 cells. (A) After 48 h incubation with MEPLB, total RNAs were isolated and
reverse-transcribed. The resulting cDNAs were subjected to PCR with indicated primers and
the reaction products were subjected to electrophoresis in 1% agarose gel and visualized
by EtBr staining. GAPDH was used as an internal control. (B) mRNA levels of Bax, Bel-XL
and Bcl-2 were normalized against GAPDH.
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5. Caspases &4 W 7}X| 871501 £Q MEZEA] ¥ |A

A lE H8HD] F&£89)

e 3ol kel
HEHE] FEE0) 98t apoptosis Fati} HBE caspase-3

5l caspase-99] &3} {RE ZAISH A} caspase-39] AL, H
ShilAlol A BieREl U937 AMlZEo] BISKA 2.0 mg/miQ] AERE
FES0] Aeld wixlolA] uieRE U937 M ZolA] oF 2,580 o))
9 &Y 718 HAFULLY, caspase-99] ALE AuHoz

49 FT7t @A UERITHFg. 6).

MEPLB (mg/mh

XIAP
clAP -1
clAP-2
Survivin

GAPDH

Fig. 5. Effects of MEPLB treatment on the IAP family expression in
U937 cells. After 48 h incubation with MEPLB, total ANAs were isolated and
reverse-transcribed. The resulting cDNAs were subjected to PCR with indicated primers and
the reaction products were subjected to electrophoresis in 1% agarose gel and visualized
by EtBr staining. GAPDH was used as an interal control.
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Fig. 6. Activation of caspase-3 by MEPLB treatment in U937 cells.
Cells were treated with indicated concentrations of MEPLB for 48 h, collected and then lysed.
Aliquots (150 ng proteins) were incubated with DEVD-DNA and LEHD-pNA for caspase-3
and caspase-9 activity, respectively, at 370C for 3 h. The released fluorescent products were
measured. Data represent the mean of two independent experiments.

T2t cyclooxygenases (COX-1/2), inducible nitric oxide
synthase (INOS) % telomere ZAZEQIAFE[human telomerase
reverse transcriptase (hTERT), telomere end-binding protein
(TEP)-1 2 human telomerase RNA (hTR)]Z} 189 HAEE
IZRES W2 JEHE] 2EE9 Azld wE 2 Hiyt Q
%H(Fig. 7).

Heh - 088 - WEY - Al
ST

B |79 s 9ol ob] £HdA HAEE 4R
FEE9 sk " AElARol wiet eIAMEY U937 Aol &
FHe| F2&E AUt £, g Hygol ME MR BEL A
5t ®H B4 JH 2E £ 3= Fig 1B '/ Coll LERA
High 2k F AR Aol AERE 2&EF AP 5L
7t E7rEeE GERY Xl B 54 dAE Folsinem, o]
oigh HelE MES 4EE B B9 ARG} apoptosis F
Wi Uy BAV ASAY ARE A 9151 #9] §
EiHSlE DAPI Al 5 A& oinly dloial ZARBINTE Fig.
2A9 AijollA & & QR0] FHUHRAOA ALE Al oAM= 2
get &= I, MEHQ] apoptosis?t FE HollA] HET =
al9) S&ol g} apoptotic bodyd] &¢l0] A& He} Z&E ﬂ

| 5o met E71ERss EASINN & hETF(2.3%)0l v

St 1 mg/mé & 2 mg/mé AT)FoNA= 247t 6.8% H 12 1%§
LIERT oF 298] % 52809 &7} dAE Bo 48P FEE
Aglol we U7 A29 4] x| % HEE LA apptosis

e U d3E0] USE HAFUN

MEPLB {mg/mi)

©
o
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- GOX1
e COX-2

- INGS
e HTERT
-— TEP.1
<«— hTR
- Sp1
-— c-myc
- GAPDH

Fig. 7. Effects of MEPLB treatment on the COX-1, COX-2, iNOS,
hTERT, TEP-1, hTR, Sp-1 and ¢c-myc expression in U937 cells. After
48 h incubation with MEPLB, total RNAs were isolated and reverse-transcribed. The resulting
cDNAs were subiected to PCR with indicated primers and the reaction products were
subjected to electrophoresis in 1% agarose gel and visualized by EBr staining, GAPDH was
used as an internal control.

o ZREEY AZFVY Y FHololAl cyclin/Cdk
complex®} Zetsld 1L &85 ARSI EA HEEAE Rt
kel #olshe FFHARES cyclin-dependent kinase inhibitors
(CKIs)ZHL B, 015 & CIP/KIP Toll &84 p212 &)
AR FHALRL p53ell JE ol 48 E= u],]_,_ﬂo] HdEE &
sl g&43kEo] Gl, S & G/M7Idl BEE 2E cyclin/Cdk
complexoll thgh AHMAAIE ZHEdhH, Ouﬂ 29 ZA oA,
apoptosis & &£3} Rol £Q g '5]-“ ZEQIRIOI*Y,
welk] AgHe] FEE9 Aeld J@ SAAA
dgdo)l AEF7] 2 AAeIAREY W

AQ ARE RARE] fIsid SAMAA

4l apoptosis 2F 0] 71& Q¢ ks
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la:m HEZ719] X8
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HEHE] FEE0] A% p21 Y Bax ZS E719) caspase XIS BT U937 ARMMEH ME9) apoptosis Fi&

-[)ln

9 didlof] mX|E 4&HE] FEE9 JFE RT-
ALSIATY. Fig. 39) ZollA] & 4= J%0] p219] sl

ol ¥15kd 1.0 mg/m¢ & 2.0 mg/m¢ A)TolA = 22 3l 2 5
i o149l E71E HAFA=H, & d7ol AHSE U937 AlE9)
@—?— LA FHAL p530] A A EFOIHED Hng) &

& Azlol Agt p219) UH S7h= pS3the TAES o 42 Q)
ReH, HEHe] FEE Ao W p219] W S7h= U937
AIEY H4GA o] T dTEo] YUge & 4 ATk

Bcl-2 familyol &5k= 2 7HA £33 QIAHER apoptosis

ik 2ol 71E ARl FEAIE deid e, L F Bd-2
%} Bel-XL2 anti-apoptotic £AFZA] apoptosis®] Ftg XI5}
T Jlse 7KW, Baxt W™ZEAQ! pro-apoptotic EAME
apoptosis®] FLt BAZE JF*™. Anti-apoptotic —‘?‘—K}Q}
pro-apoptotic EAR= A E dimer?] FHHE EXI8l d8HE &

AlskaL AR ozt #Eo] MAXA HH mitochondriaZ 2
B9 cytochrome ¢& R[EIAIA cysteine-related protease?!
caspase, SUUA FHAKR] p53, DNAS THzES AA@g
endonuclease S92 &4& Z A, apoptosis7} FE= AL
2 AR Ju¥?. E3} apoptosisol]l BAGH=E oIF] QIS &
&oh= ol &
AL AR S ZEAElA ol A 2ol 216t apoptosisE o
H5E7] 18 baculoviral THIZ FEZA] Q8 4150 2o Al
3% W anti-apoptotic 84& AU ASZ GEA Yo, 1
2|1l 0]E & ol IAPs caspases) | - 7HEEQ] Agt2 B
kol apoptosis FHE THE = AE AOE HEA A, ut
o JBHE FEE Aol 9k U937 MZ2) apoptosis F2t
ol 02} 22 Bcl-2 & IAP familyol]l £3H= QIAIEY] WE 13}
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