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Abstract

Agaricus blazei Murill is a medicinal mushroom native to Brazil. It used to be a source of antitumor and
immunoactive compounds and considered a health food in many countries. In the present study, it was examined
the effects of water extract of A. blazei (WEAB) on the growth of human lung carcinoma cell line A549 in order
to investigate the anti-proliferative mechanism by WEAB. Treatment of A549 cells to WEAB resulted in the
growth inhibition, morphological change and induction of apoptotic cell death in a dose-dependent manner as
measured by MTT assay and flow cytometric analysis. Flow cytometric analysis revealed that WEAB caused
G2/M phase arrest of the cell cycle, which was associated with a down-regulation of cyclin A in both transcriptional
and translational levels. WEAB treatment induced a marked up-regulation of cyclin-dependent kinase (Cdk)
inhibitor p21, however, the levels of Cdk2, Cdc2, Weel, Cdc25C and p53 expression were remained unchanged
in WEAB treated cells. In addition, WEAB treatment inhibited the levels of cyclooxygenase (COX)-2 mRNA
and protein without alteration of COX -1 expression. Taken together, these findings suggest that WEAB may
be a potential chemotherapeutic agent for the control of human lung carcinorma cells and further studies will
be needed to identify the active compounds that confer the anti—cancer activity of WEAB. Once such compounds
are identified, the mechanisms by which they exert their effects can begin to be characterized.

Key words: Agaricus blazei Murill, G2/M arrest, apoptosis, p2l

M B
5 FHol Hohe WAL 4E JPaT kA B4
S Qo] LA YE A4 L AAAE OB SO W)
A AHEH A STk AR AR 4% 7154 A8
HeAe FAgo] Aol B4WA L GAshe Relr)s
725} 9 RorETs} FYsths Ao} H2 -9 AF
5o ) shed ol ¥hsiA) 31 ghek. A2 FN e A Aol

A Au = 7] Al=He Al B W Al (Agaricus blazei Murill)2 A}
E PR oE A, A FE, RO, TEHAE, T
Zuj X le] FEw Ao el ofpole} FL 2o &

fCorresponding author. E-mail: choiyh@deu.ac.kr
Phone: 82-51-850-8649. Fax: 82-51-853-4036

o3, ol &Y, etelml A3} e Boll Lot wAox
A Rel 7 G4 E0] Bol Fhue] Ak A2 LA
s1eh(1),

AW AL 19408 Zbo] Bl el A& B L.
o, ¥ A9 vl BRrhe Fdvl s FAA ol A
AT AR FA glon Fldd AAHAE e
Th1), FAE e mep oA thake] Aus) o) Folx) 3
IES uwzz W 7ok WAL Shelm $2fuietel A

X opRAe AqFeA]wtk A& 3t 9} =3 Be g Fv)
o o} '6—%"] hAkEol s o] Rl A 3 gl o, 53]
Qo] FAEL Fvle) A Fulge] o Bl A2



1238 Hed vk A odAE - A9
olv 7+ A2 AL A o Fadte Aol fid
3] WrhE ol FH3L, o] A FulEe A4 Adlel o
g ujE S A7aigled, 2 o] AFRIEC] A4 A%
3t WAl Q158w WA H il oh2-4). A7 AP A
o2 galy Al Fo T3 E g2k A9z}
L, F3detahg, A, A Eag, e E
At 24, A A Zxp, vt A &3 28, ZAEF
5o chepat Aoy 1A 2 14 Eal gle o At
£5 1 3l (5-9), 7@7&5!5_/&, o2 Zhag b gle]
A ez s w

rlo
o
n*
>~ f“l°
[
2
_\_L
>
Ay
}L
o
}ﬂl
o2
N
N,
)
el

d A x| FA 7} e =
ﬁﬂoﬂ 2 3te] AlZ7}F # %101 FAE e AL A xR
& 4= 9lth(10,11). /‘ﬂi—rﬂ off &g ANd-2 204171 o)Al
%f%‘ v A o] #ag 5 /A Z} fAEEY] AEE
o] FHo] 7lgafAl &, 19‘:)0‘“51EH°1] Swift & Howardel 2]
8 G1, S, G2 2 M7] ol dig A7 = d4 A= e
(12). L ¥ Akt 4 AL A s 4349 o
o] 1983 AxFrixde) At F = & cyclin
2 o]l &3} B34S o] F& cyclin-dependent kinase(Cdk)
o] TN, B2 A3 AFAE-2 cyclin/Ckd &3
AL A A3E it B gl L 3y B A7&
FEA elEe] A MEFI) | AA w S cheFsiA St
£ A& 4 8 Al wh10,11,13). A E7} G171 2 Aol 54
D-type cyclin®] ¥t& o] £7}5 o] Cdk4 ¥ Cdk6e}l E3LA S
HAHA G/l 2HE 99319(14,15), G17] Fubell&
cyclin E, $S715 %£33F G2/M7] A &-& cyclin AL) HH& o)

£ cyclin Be] & o] Z7t5] o] 217k Cdk2 ¥ Cde2 539
AL o] TN 7 A EF7] 23] &elA FYPHEE
o} (14-17). 28] 32 Cdkst vhoFat Al £.22] o A) A1 T 5ol
o)#} f-=5 & Cdk inhibitoredl] &]s}e] 1 &Ado] JAF ==
gledl, AA7bA waial Cdk inhibitors 5 7F2]2] family

FF(NK4 2 CIP/KIP family)® 3 $1th(18,19). G17]
arrest 5ol o ¥-E o s} INK4 familyel] ¥] 3¢ Cdk2
o st 25 2AE Adlste Aoz A g#Al
CIP/KIP familyell 273 p21-& Al 257] A Aol 2R &4
2 AR A A4-E 3o, p27 9 A] G171 o=l G2/M
719 AP A" o7 AT 9l Ao A vt
(19,20). o}el gt A EE Gl &J3t F4) 9] AL AxF7] =
AR FAAE el = ohfdt AR} AAEEY A4S
o] Fofd = glon, EA £ 3okA] 74 s)A
A e fe e A2 28 9 AFEL A
AxEo] L A= & A A Hrlshe Aol 7 72
ql HH o xR 5 Qv

2= °d? l 1f OVWPZI 142}61 otz o] °1T°1

o_?i', J}L

4
2 o w2 oo

rJ NE

P T

b 1A
%-‘?‘]ﬁ]'m] al ] VA 2 «]%‘Jﬁﬂ “]ﬂ%’ﬂ%‘tﬂ‘i -’F%"E,‘
ZE (water extracted A. blazei Murill, WEAB)2] °d 8k-&-

ZALaL . o] & $13e] 1A H A E AB499] A Al v
= WEAB®] 4 3-& ZAlslgl oo, Al 29 A EF7] &
E X mla]e WEAB«] odaf 9 B 7lx] 2938 A EF7)
ZAH ALY W o) vl WEABS 98-8 ZA}3}4ic). o}
2] T T AFAH T gl 950 D AEY A
2 ZA- F83% 2A-eA4 cyclooxygenase(COX)2] b
"3t A2 LY 7bs Sl 28 ZAAF o2 7|8t 94
A ko] telomere Zo] A FE KA 2} ALE-2] el of) v
2= WEAB®] 3E5& XAkl

MZ Y Mzl

E AY ] Abe" 2B W A (Agaricus blazei Murill)-& 7
Al 222 A gkl A AlFbgkeH, 100 g& 1,000 mLe]
Z5l 3412 o)A 4l ¥, 3,000 rpm e 2087 94l
HHAA AAEE AABI T o] & ©h4] 0.45 ume] o 2]

& ol-83le F-F A g A d F 84 E (water extrac-
ted A. blazei Murill, WEAB)S 572 A zx8}o] AFg-3}sit).
A549 1A HGAE= "3“3'3""5}‘24_?4.(KRIBB, Daejeon,
Korea)oll A #% wrof o, Al £2] ul k& ¢ 3] RPMI-1640
1)) 2] (Gibco BRL, Grand Island, NY, USA)$} 10%2] $-ef o}
# A (fetal bovine serum, FBS, Gibco BRL)#} 1%2] peni-
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Table 1. Sequences of primers used for RT-PCR
Primer Sequence
5 3’
GAPDH Sense CGG AGT CAA CGG ATT TGG TCG TAT
- Antisense AGC CTT CTC CAT GGT GGT GAA GAC
Cyclin Bl Sense AAG AGC TTT AAA CTT TGG TCT GGG
ye Antisense CTT TGT AAG TCC TTG ATT TAC CAT G
Cvelin A Sense TCC AAG AGG ACC AGG AGA ATA TCA
ye Antisense TCC TCA TGG TAG TCT GGT ACT TCA
Cyclin E Sense AGT TCT CGG CTC GCT CCA GGA AGA
ye Antisense TCT TGT GTC GCC ATA TAC CGG TCA
Cde? Sense GGG GAT TCA GAA ATT GAT CA
“ Antisense TGT CAG AAA GCT ACA TCT TC
Cdk2 Sense GCT TTC TGC CAT TCT CAT CG
Antisense GTC CCC AGA GTC CGA AAG AT
P53 Sense GCT CTG ACT GTA CCA CCA TCC
- Antisense CTC TCG GAA CAT CTC GAA GCG
21 Sense CTC AGA GGA GGC GCC ATG
p Antisense GGG CGG ATT AGG GCT TCC
o7 Sense AAG CAC TGC CGG GAT ATG GA
p Antisense AAC CCA GCC TGA TTG TCT GAC
COX-1 Sense TGC CCA GCT CCT GGC CCG CCG CTT
Antisense GTG CAT CAA CAC AGG CGC CTC TTC
COX-2 Sense TTC AAA TGA GAT TGT GGG AAA AT
Antisense AGA TCA TCT CTG CCT GAG TAT CTT
WTERT Sense AGC CAG TCT CAC CTT CAA CC
: Antisense GTT CTT CCA AAC TTG CTG ATG
WTR Sense TCT AAC CCT AAC TGA GAA GGG CGT AG
: Antisense GTT TGC TCT AGA ATG AAC GGT GGA AG
TEP-1 Sense TCA AGC CAA ACC TGA ATC TGA G
Antisense CCC CGA GTG AAT CTT TCT ACG C
mve Sense AAG ACT CCA GCG CCT TCT CTC
crmy Antisense GTT TTC CAA CTC CGG GAT CTG
Spl Sense ACA GGT GAG VTT GAC CTC AC
p Antisense GTT GGT TTG CAC CTG GTA TG
120 Zob uij kgt 3 AR v & o]-8-3te] HAs ) Fig.
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100 Az el AL sdA da B2 5 YAt 53 den-
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Fig. 1. Anti-proliferative effects of water extract of Agaricus
blazei Murill (WEAB) treatment in A549 human carcinoma
cells.

Cells were treated with various concentrations of WEAB. After
48 h incubation with WEAB, MTT assay was performed. Results
are expressed as average from two separate experiments.
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Fig. 2. Morphologicai changes of A549 human lung carcinoma cells following incubation with WEAB.
Exponentially growing cells were incubated with WEAB for 48 h. Cell morphology was visualized by light microscopy. Magnification, X200.
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Table 2. Fractions of each cell cycle phase of human lung
carcinoma cell line A549 cultured in the presence or absence
of various concentrations of WEAB. Each phase was ana-
lyzed by flow cytometry after 48 h treatment with WEAB

WEAB % of cell
(mg/mL) Sub Gl Gl S G2/M
0 (control) 259 65.29 16.99 15.52
1 3.87 63.09 1876 14.89
2 1863 59.93 13.34 8.46
3 21.16 53.21 8.04 17.77
4 29.62 30.67 14.85 25.05
5 38.34 16.42 21.33 23.68
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Fig. 3. Effects of WEAB treatment on the levels of cyclins in A549 human lung carcinoma cells.

(A) After 48 h incubation with WEAB, total RNAs were isolated and RT-PCR analyses were performed using indicated primers. GAPDH
was used as a house-keeping control gene. (B) Cells were incubated with various concentrations of WEAB for 48 h, lysed and cellular
proteins were separated by 10% SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The membranes were probed
with the indicated antibodies. Proteins were visualized using ECL detection system.
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Fig. 4. Effects of WEAB treatment on the levels of Cdks, Weel and Cdc25C expression in A549 human lung carcinoma cells.
(A) After 48 h incubation with WEAB, total RNAs were isolated and RT-PCR analyses were performed using Cdk2 and Cdc2 primers.
GAPDH was used as a house-keeping control gene. (B and C) A549 cells were incubated with various concentrations of WEARB for
48 h, lysed and cellular proteins were separated by SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The
membranes were probed with the indicated antibodies. Proteins were visualized using ECL detection system.
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Fig. 5. Induction of Cdk inhibitor p21 expression by WEAB treatment in A549 human lung carcinoma cells.

(A) Cells were incubated with WEAB for 48 h and total RNAs were isolated and RT-PCR analyses were performed using indicated
primers described in materials and methods. GAPDH was used as a house-keeping control gene. (B) After 48 h incubation with WEAB,
cells were lysed and cellular proteins were separated by 8 or 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. 6. Effects of WEAB on the levels of COXs expression in A549 human lung carcinoma cells.

(A) After 48 h treatment with WEAB, total RNAs were isolated and RT-PCR analyses were performed using COX-1 and COX-2
primers. GAPDH was used as a house-keeping control gene. (B) Cells were incubated with WEAB for 48 h, and then lysed and cellular
proteins were separated by 10% SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The membranes were probed
with anti-COX-1 and anti-COX-2 antibodies. Proteins were visualized using ECL detection system. Actin was used as a loading control.
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Fig. 7. Effects of WEAB on the levels of telomere regulatory
genes in A549 human lung carcinoma cells.

Cells were treated with various concentrations of WEAB. After
48 h incubation, total RNAs were isolated and RT-PCR analyses
were performed using indicated primers described. GAPDH was
used as a house~keeping control gene.
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