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Abstract

The mushroom Inonotus obliquue (I0Q) has been traditionally used for the treatment of gastrointestinal
cancer in Russia, Poland, and most of Baltic countries. To explore the possibility that /0 has chemoprevention
effects, we examined whether or not the aqueous extract of 70 inhibits HT-29 cell growth and investigated
the mechanism for this effect. Cells were incubated in the presence of increasing concentrations of the aqueous
extract of 7O. The extract substantially inhibited the viable HT-29 cell number in a dose-dependent manner
and inhibited 5—~bromo-2’-deoxyuridine incorporation into DNA of HT-29 cells. Annexin-V staining followed
by flow cytometry revealed that the extract induced apoptosis of HT-29 cells in a dose-dependent manner.
Western blot analysis of total cell lysates revealed that the extract induced cleavage of caspase-8, -9 and
-3 and poly (ADP-ribose) polymerase, but did not affect the protein levels of Bax and Bcl-2. In addition,
the extract dose-dependently increased the activity of caspase-8, -9 and -3. We have demonstrated that the
aqueous extract of /0 inhibits cell proliferation and induces apoptosis in HT-29 cells, which may be mediated

by its ability to activate the caspase pathway.
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HT-29 4| 3£(ATCC HTB-38)+= American Type Culture
Collection(Rockville, MD, USA)oll A -8l sksd o). Al £nl o
ol] A}-8-8F Dulbecco’s Modified Eagle’s Medium:Nutrient
Mixture Ham's F12(DMEM/F12), selenium< Gibco/BRL
(Gaitherburg, MD, USA)ll 4| -4} 8}s3t}. Fetal bovine se—
rum(FBS), penicillin-streptomycin, trypsin-EDT
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Cambrex Bio Technology(Walkersville, MD, USA)ol| 4] -
3+ vl Bovine serum albumin(BSA), 3-(4,5-dimethyl-
thiazol-2-y1)-2,5-diphenyltetrazolium bromide(MTT),
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o] A]ek-2- Sigma Chemical Co.(St. Louis, MO, USA) el 4
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Amersham(Bukinghamshire, England)oll 4] £<]3}¢] A}
3ok

ANEFE

Aol A8 7‘}7}‘31 AL Al etell A el Ag 74l
shof Ab-g-shoivh AFste] skt AZMA 100 g8 557
4= 1 Lel] ¥ a1 heating mentleof| 4] 100°CE 7} 8} 1247+
ot &34l 3292 Whatman #1 filter paper = o 3
st} ~70°CE YFA12 F FAAZR7|Z L2447 2 o
7WA] Azt A7pHA BEEREES HEC

M|z el 2k

HT-29 Al £+ DMEM/F12 8 A ¢l 10% FBS, 100 units/
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v ofsleq cell proliferation ELISA, BrdU(colorimetric) as—
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Fluorescence-activated cell sorting analysis
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A 3to] Al £l phycoerythrin(PE)-conjugated Annexin
V& 7-amino-actinomycin D(BD Pharmingen, Franklin
Lakes, NJ, USA)S Yo 158-%qF odAalox] g +
Annexin V ¥ 7-amino-actinomycin Dell 23] A3
A %2 FACScan (Becton Dickinson, Franklin Lake, NJ,
USA)E AH2-3}te] flow cytometry B ol 28 &4 35tk
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= wlgZor o]%3lEd], ©] phosphatidyl serine®]
Annexin Vel &3t BA-E 71X 9l 22 2 Annexin
Vo o3 M= A x= apoptotic cell& vieEbAT 7-
amino-actinomycin D& 7 45 A 18 £33}
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Western blot analysis
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PBSE 313, lysis buffer(20 mM Hepes, pH 7.5, 150 mM
NaCl, 1% Triton X-100, 1 mM EDTA, 1 mM EGTA, 100
mM NaF, 10 mM sodium pyrophosphate, 1 mM NazVO4) &
H7}shed 4°Coll A 4047 wutstgict. o] o hulal o) 3
2 ukz]3}7] 9 a4 20 pg/ml aprotinin, 10 Lg/mL antipain,
10 ng/mL leupeptin, 80 pg/mL benzamidine HCl, 0.2 mM
phenylsufonyl fluoride® A 7Fsldch A E-2 13,000x ¢
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lysate® AH8-3tgdth. Cell lysated] wlA k= BCA
protein assay kit(Pierce, Rockford, IL, USA)S A}-8-3}4]
225t} Cell lysate(100 ug protein)E 4~20% sodium
dodecyl! sulfate polyacrylamide gel electrophoresis(SDS-
PAGE)Z £ 3F & polyvinylidene difluoride membrane
(Millipore, Bedford, MA, USA)¢ll ¢]% A Z v}, Membrane
2 5% skim milk-TBST(20 mM Tris - HCI, pH 7.5, 150
mM NaCl, 0.1% Tween 20)el|4] 14 7+£9} blocking s}z,
anti-bel-2 antibody(1:1000 3]4]), anti-bax antibody(1:
1000 &) 4)), anti-cleaved caspase-3 antibody(1:1000 3] 4),
anti—cleaved caspase—8 antibody(1:1000 3 4), anti—cleaved
caspase-9 antibody(1:1000, 3]4]), anti-cleaved PARP(1:
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Fig. 1. Effect of the aqueous extract of Inonotus obliquus
on HT-29 cell growth.

HT-29 cells were plated in 24-well plates at 50,000 cells/well in
DMEM/F12 supplemented with 10% FBS. One day later, the
monolayers were serum-starved with serum-free DMEM/F12
supplemented with 5 pg/mL transferrin, 0.1 mg/mL BSA, and 5
ng/mL selenium for 24 hours. After serum starvation, cells were
incubated in serum-free medium in the absence or presence of
various concentrations of Inonotus obliquus aqueous extract. Cell
numbers were estimated by the MTT assay. Each bar represents
the mean*=SEM (n=6). Bars with different letters are signifi—
cantly different at p<0.05 by Duncan’s multiple range test at each
time point.
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2 thETel Bl 6713% Aol AxES7t FHaEkedct
(Fig. D.
A7 A S B o8 HT-29 Al £ Arolole Al
7} st omg 2yt Ale] HT-29 Al 29 cell prolif-
eration®l] ¥] 3 8F-8- 241817} ¢ 8] BrdU incorporation
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Fig. 2. Effect of the aqueous extract of Inonotus obliquus
on 5~-bromo-2'—deoxyuridine (BrdU) incorporation in HT -
29 cells.

HT-29 cells were plated and treated with Inonotus obliquus
aqueous extract for 42 hours as described in Fig. 1. BrdU was
added and the incubation was continued for another 6 hours to
measure the incorporation into DNA. The incorporation of BrdU
was normalized to the viable cell number determind by the MTT
assay. Each bar represents the mean+SEM (n=6). Values with
different letters above each bar are significantly different (p<0.05)
between concentrations of Inonotus obliquus aqueous extract.
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Fig. 3. Effect of the aqueous extract of Inonotus obliquus on apoptosis of HT-29 cells.

HT-29 cells were cultured and treated with Inonotus obliquus aqueous extract for 2 days as described in Fig. 1. (A) Hoechst H
33258 stain. Cell were stained with Hoechst H 33258 and images were obtained using a fluorescence microscope. Microphotographs
are representative of three independent experiments. Magnification, X 200. (B) Fluorescence-activated cell sorting. Cells were trypsinzed,
stained with 7-amino-actinomycin D and Annexin V, and then analyzed by flow cytometry. The number of living cells and early
apoptotic cells is expressed as a percentage of total cell number. Each bar represents the mean® SEM (n=6). Comparisons between
groups that yielded significant differences (p<0.05) are indicated by different letters above each bar.
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Fig. 4. Effect of the aqueous extract of Inonotus obliquus
on the protein levels of Becl-2, and Bax in HT-29 cells.
Cells were cultured and treated with Inonotus obliquus aqueous
extract for 2 days as described in Fig. 1. Cell lysates were
analyzed by immunoblotting with an antibody against Bcl-2, Bax,
or B-actin. A photograph of chemiluminescent detection of a blot,
which is representative of 3 independent experiments, is shown.
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Fig. 5. Effect of the aqueous extract of Inonotus obliquus
on the protein levels of various caspases in HT~-29 cells.
Cells were cultured and treated with Inonotus obliquus aqueous
extract for 2 days as described in Fig. 1. Cell lysates were
analyzed by.immunoblotting with an antibody against cleaved
caspase-3, cleaved casapse-8, cleaved caspase-9, or B-actin. A
photograph of chemiluminescent detection of a blot, which is
representative of 3 independent experiments, is shown.
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v} Fig. 5ol A K= vhe} o] EAFeF 10 kDagl cleaved
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caspase-72 ZAZE = A] ¢kt Initiator caspase?l cas—
pase—82} caspase—99¢] cleaved form w4 ¢£F2 27pH
Al =25 Xl 23] Zr18l9lt}. Cleaved caspase-8¢
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T2 283 A4Sl v eyttt 235t effector caspase?dl
caspase-39] cleaved form ¥ A $FEL A7l A &2 E
Aol o8 "dA 8] Fr}skdch(Fig. 5).
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caspase-3-> 471+23% &AJo] F7atAth(Fig. 6).
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Fig. 6. Effect of the aqueous extract of Inonotus obliquus
on caspases activity in HT-29 cells.

Cells were plated and treated with Inonotus obliquus aqueous
extract for 2 days as described in Fig. 1. Cytosolic extracts were
prepared from cells, and caspase-3, -8, or ~9 activity was de-
termined by measuring the cleavage of the substrate Ac-
DEVD-7-amino-4-methoxy coumrin (AMC), Ac-IETD-AMC,
or Ac-LEHD-AMC. Each bar represents the mean = SEM (n=4).
Values with different letters above each bar are significantly
different (p<0.05) between concentrations of Inonotus obliquus
agueous extract.
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Fig. 7. Effect of the aqueous extract of Inonotus obliquus
on the protein levels of cleaved PARP in HT-29 cells.
Cells were cultured and treated with Inonotus obliquus aqueous
extract for 2 days as described in Fig. 1. Cell lysates were
analyzed by immunoblotting with an anti-cleaved PARP or B-
actin antibody. A photograph of chemiluminescent detection of
a blot, which is representative of 3 independent experiments, is
shown.
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