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Anti-carcinogenic actions of glycoprotein conjugated with isoflavones
from submerged-liquid culture of Agaricus blazei mycelia through
reciprocal expression of Bcl-2 and Bax proteins
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Glycoproteins isolated from fruit bodies and mycelial
cultures of mushrooms exhibit anti-carcinogenic actions in
human cancer cells and animal tumor cells by induction
of apoptosis. Here, we report that isoflavone-conjugated
glycoproteins (designate Gluvone), exhibit strong anti-
carcinogenic effects on human breast cancer MCF-7 cells by
induction of apoptosis. Gluvone with 9.4 kDa of molecular
weight was isolated from submerged-liquid culture of
Agaricus blazei mycelia (ABM) in soy flake-containing liquid
medium. MCF-7 cells were incubated with various amounts
of Gluvone (0~250 uM) for a period of 6 days. Gluvone
exhibited anti-proliferative actions in a dose-dependent
manner and 62% growth inhibition at 200 uM for 4 days
relative to control. Hoechst 33258 staining analysis revealed
that Gluvone induced formation of apoptotic bodies. Gluvone
was associated with down-regulation of anti-apoptotic
Bcl-2 protein expression as well as up-regulation of pro-
apoptotic Bax protein expression. Gluvone treatment induced
proteolytic activation of caspase-9 and caspase-3 through
cytochrome c release from mitochondria to cytosol as well as
concomitant degradation of poly (ADP-ribose) polymerase
(PARP). In addition, Gluvone induced activation of caspase-8.
Taken all together, these results indicate that the anti-
proliferative effect of Gluvone is associated with induction of
apoptotic cell death through the mitochondrial dysfunction
pathway mediated by enhancement of Bax protein expression
and suppression of Bcl-2 protein expression.

Key words: Agaricus blazei mycelium (ABM), apoptosis,
caspase 3, human breast cancer MCF-7 cells, isoflavone-
conjugated glycoproteins (Gluvone)

Introduction

218 WALS A oFatA o] 71 o) o] oFA o] 71X 7} t=o) A A
74]7&0; AR Zx /Llli ]\/]. 7&%9}_‘ (=4 /\]_Jq_glﬁ Ql
[1]. A Ee 83dE, 5 A (polysaccharldes)
oA (glycoprotelns) H 2 9 F-(terpenes) % &
(phenols) so] &<F, M9z, gufoje]x A ﬂﬁgi}ﬂ
Aol i—}%ﬂ‘}i‘:‘r[Z 6].

WA g A= F2 B-(1,3)-D-glucane 2 Ao A &4=
7h = A] kot g it AAAIE S shAl A FAA S HER Y
w5, 113 74(500-2,000 kDa) 7 A 4} we} o 2 kot
E7HE HERATH7-9]. wbdol], g A = ohg A - o
E EE UEA-e R ?”5101 o] ThE A 7L e o]
L P Eto| = AbEo FRAYS W 54 Al 2
Abgel T g ol Efo] =7 A E o] QI 10]. LAl &
oA = A4 hAIES cell cycles arresto}ﬂur apop-
tosisE sl S JERAT11]. =3 Gl
o] B2 EAFeIY T A el whek 2kel 7F T 12].

MW (Agaricus  blazei, AB), ‘33X (Phellinus
linteus), 7YX (Inonotus obliqua) -2 T4 ol
gAY GBAE et do] fA R wWol o] &H =
wAleltt 53] ABE S @A F@ ekl ek A&

o] 99.4%, $h]E0] 90%<1 Aoz 1w aE eHl, 12, 13].
T8 4432 B-(1,3)-D-glucane] = 2t B-(1,6)-
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glycosyl 7HA1 & 71z o} Al|[13-18]<F wh o) (G2 oF
50%¢F d oF 43% = F-4d)oltH[ 10, 18, 19]. o] ¢ &
Fetads sk dagA 9 adA = AB AR A = H
ds F& JA T AB mycelia (ABM) A vl & o =2 H-E
Aot B s A 5 7 A3, 20]. webA 24
TX1& ABME disuhe] 8 YA A ol A ufj @FafaL o
= A7HEE(53°C, pH 5.5, 120 rpm, 3 A|zh)ste] A}
] 9,400 Da<l isoflavone-conjugated glycoprotein (Glu-
voneo| gt WH)S s tH21, 22]. ©] Gluvone A7k
W8l A 982 A7 vl aLske] MCF-7 Q1A #4197} S-180
cell2 =3k mouse 5ol tlgt a7t 7 7=
ATH22]. ey 2 @971 el B3 A obA ot e 5
gk 2ol gt

upebA] 2 Aol A= ABM A ) S A7l shat o]
25E #2138 Gluvoneo] MCF-7 Aol vj3l] 73k A=
& YeE L, Gluvone©] mitochondrial dysfunctionell
o] gk apoptosisE =383l 7] el 1 AnE B askaa} gk,

Materials and Methods
U=
MCEF-7 cell Korea Cell Line Bank (Seoul, Korea)ll 4]
g Rto} 2185191 th Bovine serum albumin (BSA), sodi-
um selenite, phenylmethylsulfonyl fluoride (PMSF), leu-
peptin?} RNase A+ Sigma-Aldrich (St. Louis, MO)oi| 4]
24 3k3ltt. Dulbecco's Modified Eagle Medium/Ham's
F-12 nutrient mixture (DMEM/F12), fetal bovine serum
(FBS), 0.5% trypsin-5.3 mM EDTA, penicillin-strepto-
mycin, phosphate buffered saline (PBS)¥} transferrin
2 Gibco BRL (Rockville, MD)ol A -1 38}3ith. Bel-2,
Bax, caspase-3, caspase-8, caspase-9, cytochrome c<}
poly (ADP-ribose) polymerase (PARP) rabbit polyclonal
antibody+ Santa Cruz Biotechnology Inc. (Santa Cruz,
CA)°l A &3tk Monoclonal anti-B-actine Sigma-
Aldrichell A, anti-rabbit anti-mouse [gG-horseradish per-
oxidase+ Delta Biolabs (Muraoka Drive Gilroy, CA)°l
A TAsEATE L 9] AREE A wbAQl Aok reagent grade

o3& AHgB AT

Gluvone 2¢i

712w A (1 Lyoll gl 20 g, o749 #3ll= 100 mL,
MgSO; 0.5 g, KH,PO, 0.5 g2 @718k%r). o ojauj=]
£ 500 mL 4H7tE 2k~ =10 300 mL 55ka A (121°C,
30-2)ske] HAA = A&t A A Aol potato dex-
trose agar (PDA) wj#]ol| A &/3 3} 3 ABM= FEatal 7Y
7+ &) (120 rpm, 25°C)3} 3 th.

o] ABM A ¢S Kim 5[22]¢] Wil &afe 27}
3(53°C, pH 5.5, 120 rpm, 341313z Gluvone (9,400
Da)& #g33th. Gluvoned ©3LE 66.6%, w2
31.0%, isoflavone (genestein 2 diadzein) 2.0% = /3 =
o] AATH22].

MCF-7 MIZEHHS ¢ Al A2
MCF-7 AxEZ¥= 10% FBS¢} penicillin/streptomycin (

2t7 100 U/mL, 100 g/mL)°] %7+l DMEM/F12 uj=]
(37°C, 5% COg)ell A vl FatadtH23]. AIE7F 80% AFsk
S ) 0.1% trypsin-1.06 mM EDTA S =g s}ar QA %2
(4°C, 10+, 1,000 rpm)ste] Al 2E 3]3S ).

Az o] AlZzS Ao M A= G FAE7] f8) 5 Al
FZ wjoF v 2 3]438}e] 12-well culture plate2] 7 well
o] 1 x 10* NS B-53}a1 24417 v Fal91 3L, serum free
medium (SFM, 5 g/mL transferrin, 5 ng/mL selenium,
0.1 mg/mL BSA)o = wj# & n$katar 24417 o Hl] s}
At 1 % Gluvone A 5& thg 5%(0, 10, 100, 150,
200, 250 uM)= A zlate] 64 FF gttt o A9
< 91814 += culture dish (90 x 15 mm)el 1 mL ] E4(1
x 10° Al Z/mL)& ¥538te] A7) AlET Ada T4
Ho = uY % Gluvone A8 A2l & bt 447+ vjtshal
b A= ol Enhrh Al g w2 upte) =815 80% A
S AEE BE AT ARG MG A A 0.1%
trypsin-1.06 mM EDTAE *&3sta 441&2(4°C, 10,
1,000 rpm)&}te] Al EZ 33kt

MEYHE 53

Aolgls AEAAESE Z42 MTT assays o] 8319 th
[23]. &%= 5742 microplate reader (Anthos Labtech In-
struments, Wals., Austria)= 570 nmel A 57433l th A=
O MEAGEE 049 Alzol gk W5 (%)= e ATt

Hoechst 33258 &4

A EZd P2 Hoechst 332582 gAsto] dFdn o
2 B#AsT24]. HA HEE 4% paraformaldehyde &
Mo Z 107 278 the, 0.1% Triton X-100 &5 10
2 Aesei. 1 3 Hoechst dye (10 g/mL)& %o =
1087 & A2 3, fluorescence microscope (Carl
Zeiss, Germany)o 2 &}l om, o433t % (Ni-
con Eclipse TE 300, Japan)& o]-&3}o] 24 3}3i ).

Western blot 241

Al = protease inhibitor leupeptin (10 g/mL)¥} PMSF
(2 mM)e] 34 lysis buffer [50 mM Tris-HCI (pH 7.4),
150 mM NaCl, 1 mM EGTA, 1 mM EDTA, 10% glycer-
ol]ell A lysisat i o}, @914 5=+ Bio-Rad Protein Assay
manualel #3}e] 439tk Western blotting< Rakib &
[23]¢] el F#38ke] F=33313i Tt Bel-2, Bax, caspase-8,
caspase-3, caspase-9, cytochrome ¢ ¢} PARP<] o2t
&2 Western bloto. & F413}Q1tH[23]. ¥ gl g wh &
gz A2E 10022 1.8HS vl Kodak ID Scientific Imag-
ing System softwareE o] -&ste] 7t Wl d Wiz o] g o

S8 R g,

Mitochondrial cytochrome ¢ & &4}

AIAE ] mitochondria & €]3} cytosol &2 Miura s
[25]9] Wwiel Eahe] ®AEISITh MEE PBS® A5}
o extraction buffer [20 mM HEPES (pH 7.5), 10 mM
KCL, 1.5 mM MgCl,, | mM EDTA, 1 mM EGTA, 1 mM
DTT, 0.1 PMSF, 250 mM sucrose]E % 7}&}3. homog-
enizer (Seoul, Korea)= 2 3}g+ & 442 (4°C, 10,
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1,000 rpm)3t&itt. 45 <45 Beckman ultracentrifuge (S.
A., Gagny, France)= 42 (4°C, 15%, 10,000 g)3}+
mitochondria <l pellets i1, -5 A& ThA] A4
(4°C, 14111, 100,000 g)ato] cytosol &8 (s M) &N
t}. Mitochondria 8 7} cytosol & ] cytochrome ¢ &
22 Western blot o 2 #4519 t}[23].

SHK

Datat= H+(M) £+ FH2KH(S.D.)E Yepfide). A=
SAS (Statistical Analysis System, Cary, NC) version 8.1
Z2aE o] gete] T LA st B A Fold
Duncan®] t#3 502 A3t

Results

Gluvone?| M4z Xl
Gluvone2 isoflavones $h-f-3 whaichA|o] 7] wjol
MCEF-7 M3zl o gk 7 gk 574 o] S
Voner, MCEF-7 A2zl % H
69)= A & AEYTES MTT assay= =743}91
D‘r(Fig 1). Gluvonee] MCF-7 A|xzol tjgh Az Ag&-S
A8 E=(10~250 puM)ol| whe} vl ste] A3kl 2t 200
UM} 250 uM ol A &= 2kl 7F GIATE. Bk %) 2] 7] 1hel] whet
RE AsEeA W 49 o] Fol = A ZAGEo] oAy
A ekt o] A= 200 uM Gluvones: 497 MCF-7 Al
zoll Al s A5 AEZAG] A= AAHATE 9

v sk,

Gluvone? apoptosis 7<= & Bcl-22t Bax2| &

Apoptotic cell> Az 5, 3] 5%, chromatin®] &3,
DNA 293} 2 Fejsta el 542 e 26]. whet
~] Gluvone°] MCF-7¢] apoptosisE f+=3H=%& ZALs}
A th(Fig. 2). Gluvone> MCF-7 AlxZ2] & SHA A=
), o] A7 Gluvones #8314 ¢S )zl vl Glu-

e comtrol
==10 uM
50 uM

200

—
th
=

—
=
=]

Growth rate (%)

0 2 4 6
Cell culture time (days)

Fig. 1. Effects of Gluvone on the growth of human breast
cancer MCF-7 cells. Results were expressed as percent of cell
proliferation of control at 0 day. Data were means + S.D. (n=0).
Growth rate at 4 days was significantly different from each
other at P<0.05 by Duncan’s multiple range test.

vonee] A o] F7he 45 3 5 F71¥ A vh(Fig 2)
o] A3} Gluone®] MCF-7 Aol th 3k 4| %5 (Fig. 1)
2 apoptosis fr=ol 71Q1¥HS o n] gk},

A Z A5l 23 apoptosise] 7172 179 G4 Ao
Aok Zokel 4117} pS3el e Aol ] m A
5 DNAZE &3 ) 5 p53°1 XW% a

Bcl 2% apoptos1s% JEHE}E wEow, BaxL apOptOSIS
£ frisshe Wakow 77 A ka4 A A27]. w
2hA] oA 32 A EA ) p53 kil zl o] Wk3] w1 Bax ol 2 9]
2ol fr=drh.

up2kA] Gluvoneo] Bel-2¢F Bax @z o] whadof x|
J e zAbeklth(Fig. 3). Gluvone«l Aol St
= Bel-2 gl g o] & 8 7k 4519 1, Bax ol A o] Wl &
S7bekade. ol 3 dapER 1 Fo io} Gluvone®] ##
7} MCF-7 Al % o] A Bax ¥ 2 ¥td & Z7}1A] A apoptosis
£ friestes AS om g

r1r

i

Control 10 pM

100 pM 150 yM 200 pM

Fig. 2. Nuclei morphological changes of Gluvone-treated
MCE-7 cells. Cells were fixed and the nuclei were stained with
Hoechst 33258.

Bel-2 (26kDa)

Bax (21kDa) |

@Bax

@Bcr2
140 a

Relative content (% control)

Control 10 50 100 150 200
Treatment (M)

Fig. 3. Expressions of Bax and Bcl-2 proteins in MCF-7 cells
treated with Gluvone. Values are means + S.D. (n=3). Means not
sharing same small letters are different at £<0.05 by Duncan’s
multiple range test.
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Mitochondrial dysfunction0il 213t apoptosis §&=

pS3 & iAo oz €443 ® Bax @A mito-
chondrial cell membranee] Z 3 3}4] mitochondriadl &
A3k cytochrome ¢ & MEA R {§-E313 A 27T AE=38]H7]
o] %7 ¥ o] apoptosisE sk Ao ® A ArH28].
wtkA] Fig. 4% Gluvone?] A7} MCF-7 Al *Z<] mito-
chondria®l &#)3}= cytochrome c7F A4 W= f55
A5 vERAT Gluvoned] A E]s =7t 57145 mito-
chondriaell &4)8}+= cytochrome co] &2 7+43131 a1, Al
2 A 9] cytochrome c9] & 57133t}

W& cytochrome ci= Apaf-1 (apoptotic protease ac-
tivating factor 1)@ A3}l pro-caspase-9S &7d 3t Al
7131 o] 312 thA] caspase-35 &/ SHAIA apoptosisE
=3k 28], Gluvone * 2] sl ule} caspase-9 (Fig. 5)

Cytochrome ¢
Mitochondria

cytosol

Bactin

O Mitochondria

B Cytosel

Relative content (% control)

Control 0 s 100 150 200
Treatment (M)

Fig. 4. Cytochrome c distribution to mitochondria and cytosol
in MCF-7 cells treated with Gluvone. Values are means + S.D.
(n=3). Means not sharing same smal letterst are different at
P<0.05 by Duncan’s multiple range test.

S S—

§E E E

]

Rehutive uctivity (Yo of control)
2 g

&

g

Canmrel n s 1m0 1= m
Treatment (pAl)

Fig. 5. Expressions of caspase-9 proteins in MCF-7 cells treated
with Gluvone. Values are means + S.D. (n=3). Means not
sharing same small letters are different at P<0.05 by Duncan’s
multiple range test.

3} caspase-3 (Fig. 6) 4] &d A= S7ksieleh =
¢ cytochrome cF= ¥H&d o] 1AW caspase-8°] 74 5} 5
W caspase-9 &35 SHA 7|4, o] = sHoll A sk
caspase-3 &4 3}E SEHAZTH29]. Fig. 7l B nhe}
#o] caspase-8 @A WH-2 Gluvonee] *7 #Xkof w
2} S7h8le], o] A4 9 SAE caspase-39] W&o 7|03k
thal B 4= lr). o] caspase®] &4 gk apoptosisE =
3HA "t wEkA] Gluvone2] MCF-7 Al 542 Bax o)
AL ¥ S Z7kAA, mitochondria®] cytochrome ¢ W
A7) o] cytochrome coll 2] g+ caspase-3 &4 3}ol] uw}e}
apoptosis”} 2= = mitochondrial dysfunction®l 71913t
vk ek ¢ vk

PARP &9 42 Az 2] DNA repairtt genomic stability
o] f-Aell F23 S s}, apoptosis #4 F caspase-3
o] g4 ©|5) PARP 4 4(116 Kda)o] 85 KDao.2 3
Eo] 1 7)5S A ©rH30]. Fig. 8 Gluvone A

Hactin

Relutiv e activity (Vo of ¢ ontrol)

Fig. 6. Expressions of caspase-3 proteins in MCF-7 cells treated
with Gluvone. Values are means £+ S.D. (n=3). Means not
sharing same small letters superscript are different at P<0.05
by Duncan’s multiple range test.

SR S -

Bactin

Relative activity (% of control)

Control 10 0 100 130 200
Treatment (M)

Fig. 7. Expressions of caspase-8 proteins in MCF-7 cells treated
with Gluvone. Values are means + S.D. (n=3). Means not
sharing same small letters are different at P<0.05 by Duncan’s
multiple range test.
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7} MCF-7 Al29] PARP #d 4 =& vebd 43 = Glu-
vone®] 7 gl gFo] S7he== PARP & 4 o] T 317} o
L 116 KDa9] &8 7F4skal 86 KDadl v & F71+ it
o] 472 Gluvonee] MCF-7 4| £ 2] apoptosisE = gHch
= A A A AT

Discussion

2 AFolA] ABM AAFEZRE 2% isoflavone
°] conjugation® Tt} FA<l Gluvonee] mitochondrial
dysfunctionol] ¢]3 7] o2 MCF-7 A £9] apoptosisE
FEgs &2kt Gluvone> MCF-7 celle] A4S &
T o]EA o= oA 5%l anti-apoptotic T E 1 Bel-2
o] d& down-regulations}il pro-apoptotic Tl
Baxe] w&d-& up-regulationste] mitochondria®] cyto-
chrome ¢ W<, caspase-8, caspase-9, caspase-3S &/ s}
Al7]1aL, PARPE -8 A A apoptosisE =331 th(Fig. 9).

Ao e e ok g Ao v Az £y
9T} 42e WA o2 RH B-D-glucan, ¥ M40 2R
lentinan, 5 A 2 ZHE ¢ 2~¥(PS-K), A vlHAl o=
FH AYIH(SPG) 28l B vl o vy hulthdA|
7} 225 QI TH31-34]. 3 A o] A= ABM o A g2 2 5t
B 23 243 9,400 Da?l Gluvone o] & &A=
2] isoflavoneo] Stk Aol Ag s} dvke= Hol A 2
2pol 7k Atk v o] WAl 2 ohE Al WA E 24
A A Aoz 3ok S e A T T;]—HHT;]-D]—iﬂ“ cell
cycle arrestE %314 apoptosis= %50}04 A S
HeRdth A7 A = 55 g9 HT-29 Al2¢] DNA
3 A o gk apoptosis -2} caspase-8 7 = &4 F 7
o °]& apoptosisE =l TH35]. AB & FEE2
o1 #H ot A-549 Al3E2] G2/M phase arrestS 5 g apop-
tosis 3=+ cyclin A9] & 74, ckd inhibitor p21 &
=7t ol #olgtial BastAtH36]. -5 A (Trametes

116KDa
e R o
BACHD —— ————

B116KDa

LI

Relative content (% control)

Control 1 S0 100 150 200
Treatment {(pM)

Fig. 8. Expressions of PARP proteins in MCF-7 cells treated
with Gluvone. Values are means + S.D. (n=3). Means not
sharing same small letters are different at £<0.05 by Duncan’s
multiple range test.

versicolor) 2. 25 ) thdA-Heteo] = E3A(PSP)
o] QA 1k MAD-MB-231 A2 52 7hA4eF A3k Al
© 25 2% protein bound polysaccharide (PBP)<] <1
A 27t SW480 M Z 2 A= apoptosisel] 71133 Th
[37, 38]. o]& HEaL¢} k74 2 Gluvone®] MCF-7 Al
o djst 6‘0*7] - apoptosis Zdol| T3 FHAAE A
894 9 248 53 apoptosis F3 T EA I B0 A
o, o] Gluvoneo| 723 3ok 2 oF o} 59 A
= 7HA AL 52 el ebs Aol ARt @4kAl = A7) 9] @
ME B A7t ook & 740]"%

Isoflavone & genistein o1 2] &< FA|3E 2] apopto-
sisE a8l [39-41]. Akiyama 5[42]2 genestein©]
tumorigenesis o] T 23 H3S ta AGRHE 84
oF WAlstAl Aty o] 3+ protein tyrosme kinase (PTK)
o] &5 EolAH g Attt gk genisteine DNA<}
topoisomerase Il Ato]e] 3 ZA3S Z31 224 topoi-
somerase [19] 2}-8-5 oA $th[43]. wetA] Gluvoneo] +
A2l isoflavone2] ¢+3} o AL} apoptosis = 32
YA = EA)8k= AR Gluvoneol 23 e <] isofla-
vonee] S thA| o] ol AUA Z3E Hofd Aow
I AR, o] & $19 Tl B2 A5 H oo & Aol

AzA o7 ABM AAMjFEzHE 223 Gluvoned]
MCF-7 Azl gt get7] -2 Bax @i g o] - F7}o
-2 mitochondrial dysfunctionell £]3F apoptosisel 71<1
-5 93tk Gluvoneol| 234 isoflavone?] oo tj gt
A= B FAH o ® Fuo]of eplA N, Tk & E)
o] FUAEL AES] apoptos1sE %50}04 Al = A

2-g-517]9l apoptosisE 5= GluvoneS A= 7))
W S hAl
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Fig. 9. Possible anticarcinogenic actions of Gluvone.
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