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Effect of Phellinus linteus on Differentiation and Cell Proliferation
in Human Leukemia HL-60 cells |

Eun Young Choi', Seong Min Ju?, Jin Mo Park, Jun Ho Park, Dong Min Han, Byung Hun Jeon?, Won Sin Kim®*

Division of Natural Science, College of Natural Sciences, 1:Graduate School of Education, Common-Science Education,
2: Department of Pathology, College of Oriental Medicine, Wonkwang University

We have examined the effect of water extract of Phellinus linteus, a raw material of Korean traditional herbal
medicine, on the induction of HL-60 cell differentiation. The proliferation of HL-60 cell was inhibited dose-dependently
by treatment with various doses of P. linteus extract. It also caused a significant change in NBT reduction (7.5 times).
The expression of CD11b and CD14 was increased in the celis treated with the extract, especially in those arrested
at GO/G1 stage, which suggested that some components in P. Linteus extract induced HL-60 cell differentiation to
granulocytic and monocyte lineages. Moreover, the expression levels of p21"AF"*" and p27"" were up-regulated
during HL-60 cell differentiation induced by P. Linteus extract. These results together suggest that P. Linteus extract

contains potential HL-60 cell differentiation agents.
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SEHA  (Phellinus  linteus)2 ESEEHOF BX}HoRE
(Basidiomycotina) TIF-SHAE (Aphylloporales) AL}5H]sH
A3} (Hymenochaetaceae) T EHAIZ: (Phellinus)ol] £3H= uhaY
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FEQ BEA 77 AYH L Uk,

WS (Leukemia)®] HEEQ! BEAZ 7152 7K &5 Al
EE9 B3 589 4% JYME vidl =2 —éi 1JENE
o} Qs Aotk weld WEy M EE 249 g5 u)
oAU s dHie) gy AHurt 52 SEE EME2
EXN Z43e ugy Axe HET A2Y Jse JalchA
%5}7,3,11,21)

HEE Mz ZYFCE o711 B3l HEE AXA &1
nl=eh 2319) wA]l FA] Hof /ler, 2ol ok 538
FHRFES chromosomal changesol] F8HS BH=C}), 019} B#
B 22 wWEy Az ge] 712k gl tiek AF0] e
Y. FE BAFIE FAA olak A9 Lot M &
St ol YA 1583 1780 Alo19] L] (AML gene; retinoic
acid receptor a (RARa) chromosom 17q21, PML gene;
chromosom 15q22) ¢QIull, &4 HAIZed WMEH  (Acute
Promyelocytic Leukemia) & © 78-80% % & TP,

wjg Mz Zo] v]RsE AES] 23l eToli Ak
OF 2 ZQT 2 AM, AZ9 S40] AR L AL A SHOF 5t
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E:,

=M, HEESH T Eo)HQ) 7l50] wrEs|or st
M EoAE EshdolA] ME EHIY0

E3) | EXSHA
=, owE EHao] EsHER0l QoA 23 wekd g
o & AP, HE B ZoIA LERKE 7154 marker E B
H EAWE peroxydase, PDGF 1211 TGF Bl o]0 HEF=
Bl a2yl

MiFsE0] A= benzidine M EQO EHd
o

CD14 &< 718 marker 2 AFE5l0d MELO B3] wrskd e 3
ol & 4 )P,

2 de mEskE ME B3l @F £ &
A2 WHEHTE AwE7] Q51 HEy MEs

¢] HL-60 o
o8 = Er% % Aelsle] wigedel S A8 BHoZ &3
7t QA=A HL-60 A 29 23} FEAZAQ] 7)154S Yol
A} BIRC) A8 B 22 E0) HL-60 Al Zoll thah) Z419) Rao

HE 9HE UEMEAE MTT 249 Al 4&E8 I8z
FACS 248 E3) AZF712 E8oI9e). B3 M2F7) =8
HEHM Q] cyclin-dependent kinase inhibitor (CDKI), p213}
p27 A WSS RAIGEL, NBT 2 243 granulocyucﬂ
monocytic A& MEZS] 23} Ak g MAIE 4 e THg
Q1 CD11b ¢} CD14 &) & HLE BB 48 2 228
o] B3l FEAZAY F7t A=A SRIGHILAL BTt

SR

1. Cell culture

HL-60 A 2= 6}%&]2?%@ (KCLB, Seoul Korea)ol|4]
TASKAIL, MEMNSS 10% Fetal bovine serum (FBS)i} 1%
Antibiotlcs-antlmycohc solution (GIBCO, BRL)0] ZEgrzlo] Q=
RPMI - 1640 (GIBCO, BRL) HiX|oflA] 100 mm culture dish ol
2x10° cells/mé HIZE 2F39) 37T, 5% CO, £12) W0l
Al uferslaact.

2. Drug and treatment

2 3ol AHES 48 (Phellinus linteus)S T FEQH
Al E)elA TSI ABSITE 48 100 g o 584 1
€ 7lolod 3 AIRF Z2ojA AZZ A WSEHAL 3,000 rppm OF

228t &, 5F7| (rotary evaporator) 2 2+ =&814c). o]
70T (deep freezer)ollA] 12 A]7F o)} BZEAIY] TFS freezer
dryer £ 52 AZAIA X BY 10 g ($E8; 10%)9) AEE
AR, AlFEE 4T o MF= 20 mg/md 9 ST Z PBS
(phosphate-buffer saline)oll =& ALE3I9TE.

48 = 5%%2 Aelsl] 8 2x10° cells/mé HL-60 S
plate ol BF8t & 5T 7} 50~300 pg/mé ©) EA HI612H
DMSO = 12% &) B2 AMeicid ARt miekalze 4
ol wet 242t the £H 07 Miesli=t], NBT &9, MTT
B4, M2 QES BHYg I@ MEe d8 B FE2E XEl &

, MEF7] FE3 CD11b, CD14 9 3l
RE 01517] st Al

dobh > o~ Ie

FH

EE M E ZEES AHPICH T 24,48, 72, 6 A =
5% CO, HICE7 o)A HieksIaTh

QY37 T,

3. Cell viability of P. Linteus by MTT assay
MEZY SAAHE Selg dl 48 & FEEE Al

Aﬂ}_é QMBPIE HOM 04% trypane blue E 1527 G4HA17]
Z hemocytometer & AHBSI] AMZS} A2 8 A S35}

At AZ 2 A mols 72U 20078 o1&k9] | HlES] 4
E Zgitt kot Al Ed niXlE 48 B FEEY BESE F
el el 34, 5—dlmethylt}uazol-2—diphenyl—tetrazol1um
bromide (MTT, Sigma) assay & AIH3IACE H& 8 F52S
50~300 pg/mt O BEER AMEIglod 24 AZF 5O ARHACE
MTT = 20 mg/mé & SEE PBS o] =] AIBSIACY 2 55
B A2lgr MEE 3,000 rpm 2F 427} FUEESH Fol 20 mg/
nl SE8 MTT 200 w2 MEE BEFAIA formazan S O““A]
7171 15l 37°ColA 3 A7 F0F RISAIZATE REAIT1 A =E
THA] 3,000 rpm SF 4271 A4EESH & DMSO (dimetyl
sulfoxide ; Sigma) 200 pl E Z1FIL 96 well plate of &7
ELISA reader £ A}g3l OD570 nm o4 EBEE ZH51

%

N

12

4. NBT differentiation assay
Nitroblue tetrazolium (NBT ; Sigma) reduction-TPA
stimulation 2 E3] HL-60 A|Z7} BE3lEH=X 01515
Ch &&= £E=S 100, 200 zg/mt SEZ MZIS 96 AIZFSC!
M2

QS & MEE 3,000 rpm OF 487 AAEZS 5 2 mg/ml
E=T9] NBT 29 100 ploll 2RAFIL 1 ug/mb S5O TPA

{phorbol 12-meristate 13-acetate, Sigma)E 1 x 2o} Eglolod
37TollA] 3087F BISAIIEE HISAIR) AlZE 1 N HC S 100
W Bl o] & 5 dgol 587 WAl iEE FAAFCL
NBT-reduction ¥+20] ZAE AZE 200 102 DMSO o HEA]
71 % 96 well plate ol &4 ELISA reader € AME8] OD560nm
oA EHLE &5k A Az U8l NBT-positive A9
HgS 20187] 9ol 04% trypane blue E ANE3IA cell
counting = HsIA A AMi9 £5 AZFIC

5. Analysis of CD11b and CD14 expression

HL-60 M%7} granulocytic B+ monocytic AE2] MEZE
237t HAEAE THERQ! CD11b 9} CD14 &) Wl o’ E
IBIHCE =2 HEET NBT-positive & B0l 200 pg/mb
SEE 48 & FE=2S NEie AMZE % h X2lokd, PBS £
+ AR AABIEIL 100 ¢4 9] 0.25% BSA (bovine serum albumin)
7} 28 PBS o MEE FFAIAH RPE-Conjugated anti-CD11b
antibody  (Clone  2LPM19c, DAKO)&}
FITC-Conjugated anti-CD14 monoclonal antibody (Clone TUK4,
DAKOYE 717} 10 wt & Z8HAIT] 51 4TollA] 308 St 884
Atk 2} 8A17] & 0.25% BSA 7t ZEFE PBS & F Al AAGH
# % 1% formaldehyde’} =8 PBS E IFAA
fluorescence-activated cell sorting (FACS) Calibur (BD

monoclonal
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Bioscience, CA, USA) AFE3ld EE3IFC)

6. Flow cytometric analysis of cell cycles by PI staining

Propidium iodide (P, Sigma)E AHE3ld HL-60 A ZE &S
Agl M2 B3lEE B9 AT F7)9 HIE BESIAT]
HL-60 4 Z& 2x10° cells/m¢ 0] HEE BF slo] B3l RE7}
FEO] LIERRE 200 e/t & SEE &8 E FEEE NEldl
S &, A ZE Tot S0l FHIHE PBS & AMESI T x}
o AASH TS 70% ethanol € AMESH 4TAlA THAIZIC
(fixation). A|ZEE 1 mé 2 PI staining solution PI (10 xg/me)/
RNase A (100 gg/ml) = resuspension 3K 37TCollA 1 A7t &
O MLBIRBTE Cell cycle 2 fluorescence-activated cell sorting
(FACS) Calibur (BD Bioscience, CA, USA) Ak2dld SH5I
U}, cytometric analysis 2 hypodiploid peak (Sub-G1)&} Z2 PI
SIZETIYMOE  £X|S6I¥TE  SubGl MES HHEE
CellQuest pro (BD Biosciences, CA, USA) softwareE AHZ510]
EF3ICk

H

7. Western blot analysis

48 E FEE0] M21¥ HL-60 AIZE 8313 o2 vz
ST Bradford ¥fHol Wit JESIL 60 Wb & 15% SDS -
polyacrylamide gel H7]G S0l 0] &3l ZEI5IH2m, & Hol
e BE TMAE nitrocellulose membrane (Hybond C,
Amersham Corp)22 &AZCE. Membrane 0.5%
Tween20 = EETH T-TBS & 01E35H THEAZ 5% nonfat
milk E%Hof Boii] HABIBIHCE Nonfat milk Soll 1 pg/me
SIE THEoA e p21, p27 YA EAE 1 A7 S 4T
A1 membrane ol XI5l st e g
membrane & T-TBS ol 23} 102 HOF 3H AA3IHL, &
At gl Akt olxt BAME ol88kd 1417 Bt 4TAA]
membrane o B} A1Z ) CIA] membrane 2 T-TBS £ £535)
AASHL E4159Q1 ECL e o2 el zTh

=0
=1

overnight

2 9

1. Effects of P. Linteus on the cytotoxicity of HL-60 cells

&

ot

ZEEO] HL-60 Al Eol th
50~300 ug/mé O A& =

HNE Z4 38 MTT assay 2 ZH51%)
o BESS 100% E S W, 50 pg/m AT 920
1.0% VIEREO™M, 100 pg/mé AE) S 721 + 53%, 150 pg/mb
A+ 57.0 + 5.1%, 200 pg/ml AT 46.3 + 8.5%, 250 g
/mé AT 274 £ 33%, 300 pg/mt AZ)2 11.0 + 13% &
OF RAEJCEL 11 2 48 B FEEES NPT 5T 1)
#old Al ZHol ErKIdes & & AAREt E3] 100, 200

T AR
pg/mt 2 XEIgH F9 ME HEZ0] kol JEHCF La
SHACHFig. 1).
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Fig 1. Effect of P. Linteus on the cytotoxicity of HL-60 cells. HL-60
cells (2x10° cells/mi) were treated with various concentrations of water extract P.
Linteus for 24 h and the cells were tested for viability by MTT assay. Value are
means = SD of triplicated determinations.

2. Induction of NBT reduction activity of HL-60 cells by P.
Linteus

A8 B Z2ZF0] HL-60 Al Zol tid) 2371 fTEEA &
015171 913l NBT-reduction assayE Al@skd & Al zoll thal
NBT-positive A Z9] H1&& 241561 Th HL-60 M E7} NBT &
AP g AUE ZE 5 AT %6 A S vk 23 4E B
FEEES AR &2 R0l vlalA] positive control & A}
83} 1.2% DMSO7} 7.5 99 NBT-positive & BolH, 48 &
FEES 200 pg/mt 9 SEE HSH Al ZIAE 1.2 wiollA] F
o) 2.8 vi9] NBT FEM 29 &718 Holm Bal7krt a3t
AT Aoz HEEQITHFig. 2).
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Fig. 2. Induction of NBT reduction in P. Linteus-treated HL-60 cells.
HL-60 cells (2x10° cells/mi) were incubated for 96 h with various concentration of
water extract P. Linteus. NBT reducing activity was determined and resuits are
mean +SD of triplicated determinations.

3. Induction of CD11b and CD14 expression in HL-60 cells
S8 2 FEEA Yol B3t 7=¥ HL-60 A29 23}
1015171 2180 granulocytic HlE0] S0[H O & W}
FEWEEAQ! CD11b @} monocytic ZlEolA] HdIskE CD14
QISIATE. Al ol thell =80l 7Ha M1 23}
=
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CD11b, CD14 2570l w&do] Hoj Xrh(Fig.
o} T2 Zik= ¥ & FESO| HL60 AlxEo
granulocytic &3} monocytic A& MEZ EIE FLdl=
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Fig. 3. Expression of P. Linteus extract on the expression of CD11b
and CD14 antigens. HL-60 cells were treated with 200 ue/ml water extract £
Linteus for 96 h and the analyzed for CD11b and CD14 expression by FACS.

4. Flow cytometric of cell cycle by PI staining

HL-60 A 27} 23} OCE: SO ddoluk= AlZQ F4]o
Al Bt S8 B ZES0] A9 MEZF7Y W WEINE
ol el Y& B £EE2 200 ug/nt ATIH 96 A|7HE0H

HYFTE & PI staining & 4835} FACS 242 E3) cell cycle
S IS 2, U8 2 2E2 200 ug/ml S AEIS MZT= 1)
&zl Hls) Go/G1 7ol Aol Y= MET} 355% oA
46.8% = S7YSIATHFig. 4).
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Fig. 4. Effect of P. Linteus extract on the cell cycle progression of
the HL-60 cells. HL-60 cells (2x10° cells/ml) were exposed to 200 wg/ml water
extract F. Linteus for 96 h, washed and then harvested. The cells were fixed and
stained with Pl and the cell cycle was analyzed by FACS.

5. Effect of P. Linteus on p21 and p27 protein of HL-60 cells
HFEBAHC] AT} olmsh Bl Wz B} e
RIS BF| Yokl MEA/ B SRR p21, p27 o
western blot 4g 4AISIHTY
HA 48 & FEE 200 ig/ml B5EE 24, 48, 72, 96 Al7HH
25k MEZERE HZ S ZEBH & western blot 3t
p21, p27 = Al70] A& thildl ks HE 7t S716190
OlZA%} p21, p27 9 E7h= AFHOFE CDK 9] E43E A
SNt Gl phase arrestS FUSH=T] Bl MTAES o
271z 71dE RESKE ASE TR G2/M 7o) QoiA] A)
3719 AFolgis ZFAE /e Aol BAOEH

HL-60 M £ ZA1G Rk AOZ W), Eat o] A
23 4B B 2229 All0] ALSEE AT ARG
H180] £7lks HOZ AL HrkFig. 5).

WY HEF HL60 A Z9) BHRE U Z4lo| viAlE I8

P. Linteus treatment
0 24

48 72 96 (h)

p21

p27

Fig. 5. Effect of P. Linteus on the protein expression of p21 and p27
from the HI-60 cells. HL-60 cells (2x10° cells/ml) were harvested at the
indicated times after incubation with 200 we/ml water extract P. Linteus. Cells were
the lysed and the supernatants were subjected to western bolt analysis using
anti-p21 and anti-p27 antibody.

al Z
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TollAE= APL SX1E0lA X8 BEOZ AMZE X
glak A gAEol Skl S E Y 1LEEEY 22
0] Ve 4= Qle Tl Qlo] B283 Udo) He §
Ql &2 (&, DPhellinus linteus)& A5} Wiy X8

olg} FHOT AMEE £ dsXol thall ZOI5HLA} 619irt

60 M} T2 WEy HZrt H4H0)
H2IMZE B3} FEEE &0 AEs 54 Q—Vﬂﬂ & A3
7} dojLiorainy .

48 = FEEO] HL-60 A2 tis] 112 FEAET fA
St B9 gapt QEAE dotdr| A 4Ed B §
EAE AMEE= 1.2% DMSO £ positive control 2 AR231
BlasieE 43 48 2 2252 0|83 FAS 54 A9 &
HE VERICL

Granulocyte 2} monocyte & 235! HL-60 Al Zolx} gt
YE= superoxide anion 0] NBT & SIAA KiEy=
blue-black formazan® SZTE EF3I HL-60 A Zoj EH%H
23 7 7} dofLhzA] Belg 4 QUTP®. 100, 200 pg/ml 5
o M8 = FEES AU T 9% AEQH S Kﬂ:t«l
NBT-reduction assay 2| 21} 200 pg/ml ST 48 2 £&
& Aelgh MZoAt chZ ol Hlg] 1.2 slol 4] Aok 2.8 1) OVS
9] NBT-positive & HO[ 1L UT} 0]FA] 2182 DMSO &} &)
HL-60 Ai2e] 231 3% g8 SXAI= ALE HY At
& g FE=0 ol B3t S5 HL-60 Al 2o B3lagky
= LotE7] Qo 23PEH 9] marker 91 CD11b 9} CD14
Ze BEHTN9 HEL@ BE IESI¥Lh. CDIb &=

monocyte Oﬂ A Eo1H O F walgl=

30
r1r i

2

P

AR

=

F

s
[
oN
=)
2

—-—'

0

=

e 9 =7 Xeldl FHEIo] ‘ﬂa‘igl < e
BiEFSled antibody & HAM]A FACS 2 & 4
of 23t $5¥ HL-60 Al %= CD11b 3} CD14 9] vkso) 25
LElE RE ERIBINCT

NBT-reduction assay £| 23} NBT-positive Al Z9} £719}
granulocyte 9] £012¢1 EHERI0] CD11b &} monocyte oA
Solde]l THTAC CD14 9 Wlold 48 B FHES
DMSO &} TR EA 2 HL-60 A2 S granulocytic 3} monocytic
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—E—ﬂﬁﬂii B3lE REohe AL
Z L-60 Aol thall 231 FEe
el -E@- FEAE AHEE= DMSO 2 &7 HL-60 Al
P 20 Y= ALE Holrk

Lu 52 S¢8Y0] #dsl=s MEF7IZEARE 2

A1) cyclin AE i o] &3 ZE6I BE e LEME
MEARIQ] cyclin dependant kinase (CDK)S} JAQIAR! cyclm
dependent kinase inhibitor (CDKI)&0] =6, ol2igh A=
7] 7<7<401X}_,1 Oldto] ThkSH Sk Wl JAMmFol SQ3%t
W B3 SIET. Cyclin AE Tl SolAl 71a
Z0] cydin D1 T, o] THEAQ] AZ71HZ Al
S ZESIE ZAEELE 71 523 UAY G1/S 71
Oﬂ g F LETHAR o] TiZ o ol
or= MEZHES Zeis) 5L whlol TS,
CDKI® cip/kip ol &8 Qe p27 ™ thi o] kg
9 EUA FHAALE cyclin D1-CDK4 28HA| 9} Al CDK
9 gdE dAlsiA Gl 7IolA § 712 oldshes e 2 Ak
oM NEZERES FIFlE 7158 S, gk pop AT
CHEZ2 cyclin D1-CDK4 EEHAE HI243} AA AEZFNE
ollA] HEA Gl MEF71E A AIZC. Western blot
9 vl s A% A p21, p27 2 A0l =
SRS 72 BTt oIS p2l, p27 A &
Z CDK 9] &431E A8l G1 phase arrest
“d@hﬂoﬂ HL-60 A28 S41E Arlgh= ACE 2t
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