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Effects of Water Extract from Fermented Chuga Mushroom (Inonotus obliquus) on the Proliferation of
Human Cancer Cell Lines. Jae Young Cha', Sang Hyun Park, Jin Sun Heo and Young Su Cho*. Dept.
of Biotechnolgy, College of Natural Resources and Life Science, Dong-A University, Busan 604-714, Kores,
"Alcoholic Beverage Research Institute, Daesun Distilling Co., Ltd. Busan — This study was performed to
investigate the effect of the water-extract from non-fermented or fermented Chaga mushrooms
(Inonotus obliquus) on the proliferation and apoptosis of the NIH3T3 mouse normal fibroblast cells and
various human cancer cell lines including HCT-15 human colon carcinoma, AGS human gastric carci-
noma, MCF-7 human breast adenocarcinoma, Hep3B human hepatocellular carcinoma and HeLa hu-
man cervical carcinoma using MTT (3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyl tetrazolium bromide) as-
say and DNA fragmentation. In an anti-cancer test using various human cancer cells, fermented Chaga
mushroom extract showed higher antiproliferating effect than that of non-fermented Chaga mushroom
extract. Mouse normal NIH3T3 cells were exhibited 80% above survival under fermented or non-fer-
mented Chaga mushroom extract of various concentrations (0, 0.5 and 1 mg/ml). Fermented Chaga
mushroom extract significantly inhibited cell growth on HCT-15 cells in a dose-dependent manner.
HCT-15 cells treated with non-fermented or fermented Chaga mushrooms extract produced a distinct
oligonucleosomal ladder with different sizes of DNA fragments, a typical characteristic of cells under-
going apoptosis. These results suggest that fermented Chaga mushroom extract suppresses growth of
HCT-15 human colon carcinoma cells through apoptosis.
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A AlEH3 59]. 2
£ ohgu Az u}wﬂi 18 i ue
A2 xylogalactoglucano] &= 4 $lo.m[12,21], &
& Fesls, SAslE AR, 234, A6, £712, B
= ?é} sk Ith5,20]. A7HH A ALA 2 RE FEE
A ogAE 242 177% 2 133%2 A8 x
e ), %A}xﬂ iFeeyE 9ol ta v 45 3
ASE B IR oleld ThAle)
=3 B-(1,3) ?ﬁ FH p-(L6) A% BAR FAH
glucansaz nAe A §3¢ B4 Ban
aHATH16,18). o] ST A7MHA FEEY FETIEHLS
lanosterol, ergosterol#} -2 sterol ¢} inotodiol, butulin}
22 triterpenfi 7} £ 5 A tH20]. =3, inotodiol, lanoster-
ol, trametenolic acid 59 AJ¥& Gaer A xEFQ MCE-7
2 gt AEFQ P88 A AEFAHL Uehdtin
B 8w JoH1217]. Ham 9| 7 A A o g oA
HolE REENA HIMEF AS49, FELAEF MCF-7
2 YHEF AGSS AE 4FE dAMIGL g,
Burczyki 5% ZA7PHA 348 10~2,000 mg/ml 5 5oiA
AT 73R AE Hela S3 A& JAANT stATHIL
3, B dPAEE oJHRE F71E kA waxsy



672 BB ULRIX] 2007, Vol. 17. No. 5

Y F8AH FEEANE dFY AEF HCT15 3 A%
F AGS9) =45 vehe 238 Bad vl ot
4,6]. 271X E2-S Bacillus sp. WRD-22 2 8A1#H 2¢
1%E 72 HE A7 Ale] v E A7 ARG Al
g streptozotocin-f+& Fx=F 2 A28 Otsuka Long-Evans
Tokushima fatty (OLETF) Jx#oa &%% a0 723
Aog FAE up UH3S5]
et £ AP E wa AriAe A Es
gastE Ao Aoz sevet A dodA F2 2
T AT AT gl e FF
o 5% A4 AEF NIH3T3
mouse normal fibroblast cell q} obulg} ¢1A| .ok A EF
AGS human gastric cancer cell ($%), HCT-15 human co-
lon cancer cell (t)3%), Hep3B human hepatoma cancer
cell (7}, MCE-7 human breast cancer cell (+4%}), HeLa
human cervical cancer cell (g7 %4)& A8t

—_—

Mz 9

A= XA
A4 A Bl Bacillus sp. WRD-2Z U5 sjggo®
AuF A AE AFAA $E 50~60%, &= 30Tl 3
% 70CE AXAA "A 28 ARY. 24
A g HEE A A 2S5 g/100 ml
5%, w/v) =2 FHTd &3t = 244 3
oF 323tk %< t}A] Whatman filter paper (No. 2)
2 AN F T2 ATANA 2L ELE ARE AEEA
o B A AREE Ao} AR (F)EA -

HMMNIZ L SAME HHY

M EF NIH3T3 (mouse normal fibroblast cell),
HCT-15 human colon carcinoma (&<, 914 944 AEF
AGS {human gastric carcinoma), ¢t A X3 Hep3b
(human hepatocellular carcinoma), Fr¥¢ A ¥3 MCE7
(human breast adenocarcinoma), 23745 M EZF Hela
(human cervical carcinoma)® Korea Cell Line Bank
(KCLB, Seoul, Korea)oll A %ok wro}l At] ujFate A AL
3t A E ujokol= RPMI 1640 (Invitrogen Co., USA) &
A3t o1, 1 2] PBS (phosphate buffered saline, pH
7.2), trypsin-EDTA (Grand Island Biological Co., USA) &
3 AL FPALS DZTO2 AFSH NIHITS A2
Bjoke X Wyi[4]e] we} 10% FBS, 0.1 mg/ml pen-
icillin-G, 0.01 mg/ml streptomycine& -3 RPMI 1640
B3 Aol 37°C, 5% COy, 95% Z7]9) ZAste|A 10 cm

Falcon dish2 A3 ATE AZ57} 97170 o 1597

kel on, o) WA E 2~3Ud] FHHA W}
ANE ALE AR 2 x 10708 JFS) AT
o] wjoky) £ 80~90% B= HUL W trypsing AHE
o A EE disho] A E2)3x YA ZFe] Dulbecco’s modified
Eagle’s medium (DMEM; Bio Whittaker Co, USA)2.2 A%
5 23] AolF U B At & AP At ATk A7k
A28 5% FE2ES TEUZ AA 42 22S RPMI
16409 0, 05,1 mg/ml ¥ 57} 52 He A]70 & 045 ym
Pe)(Millex-HD, Millipore Co)Z 742} AdAlA Azalet
ol H7lsksn
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MTT 240]| Qs MZ MZEE 3
MTT (3-[4,5-dimethylthiazol-2-y1}-2,5-diphenyl tetrazo-
lium bromide) (Sigma chemical Co., Louis, Mo., USA)& 4
oplE Mg mEZ=g o} Yukd] &3l oxido-reduc-
tase?] &4 g o3 Ao e BEA for-
mazang 4431, 0% a9 LAYEE §
Aoz dolgle AEFE AZsted o8
TH7L & B oulg s A7t A £84 FE5E9
AEH AE S A A P-S MIT assay #4331
FAE L HFANEE 47 2 x 10 cells/ml TE7} 5
ZA33 £ 96 well plated] 100 pl# R F3}3 o] AL 3
5% CO, MEuF7IoAM 6A1Z vl Fste] AETE F-2A]
F 32E ¥5E0 05 1 mg/mA F7stgth o] AL %
B MEAZ F, MTT &3 7 welld 10 pl&] ¥
A kr oA 4AZE Ft WA T MTT §94-& A7
3 %, 0.04 N HClo] &3 isopropanold 718t Zb A
X5 £3A21 ¥, ELISA-reader (Bio-Rad Model 550
Microplate Reader, USA)Z 540 nmo A F2 =5 5734
o 2t NEY A8 27 gZ2FE 100%2 she] el
AT FAEE Yehi Ak
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Zh Ao} Hef Wste] AFE A3k 0, 05, 1 mg/ml F
T2 ket %A HYgE & tAd et 33
Culture microscopes (CKX41, Olympus Optical Co., Ltd.
Tokyo, Japan)ol] 200u] wj& =2 st &gsrh

DNA fragmentation &8

A7 A 2250 gt QM EFA QAR AEAPE
(apoptosis)ol]l 93t AJNAE ZAs7] Y5t 4 dMAEE
718 g o Mk 1 x 10° cells/dishe] & & 100
mm dishol] #3F38te] 47]9F 2 WH O 96AIZF st
At W YE & AZTESS PBSE 23 1A A7 te AE
g 31 94EY 3o AZE e dE AX
extraction buffer (50 mM Tris-HCl, pH 7.5, 20 mM EDTA,



1% Nonidet P-40) 2 mlS 21 AL A 2417t F¢t &3
Atk o7]el sodium dodecyl sulfate (SDS) 1% % RNase
05 mg/mE FArlstd & T3 T 37Co)A 247 wut
3}, proteinase K 0.5 mg/mlE 715l 422CoHA 2A)17
t}A] ¥ A1Zitt. DNAE phenol-chloroform-isoamylalcohol
(25:24:1)3 Yo & 223 & JAEEZ DNAY e &
Zd& 2o 0.18]¢ 3 M sodium acetate?} 2.59] ] ethanol
s *01 DNA pelletg HAA)7) 1, ThA}| 70% ethanol2 )
To] & & AFA AT 71Z9 DNA pellet- Tris-EDTA
buffer (20 mM Tris, 1 mM EDTA)Z %9 t}& 260 nm &
B A F3 F 20 ug DNAZ 2% agarose geld] A} 7]
955} ethidium bromidez @3tz gsle] DNA
fragmentation =& #<18}¢H8].
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.EE

2225059 I mg/ml 5%
2 AYste] 943 dv e ]%0}"1 NIH3T3 Aj2¢) ¥

B 3lE Fig 1o Yetd Atk 2+ A8 E AstA] e ol
Z79 Axe #4E gAY Z}ﬁb_, 1 mg/ml A7} 5%
AT 80% ol HEES Ut n(Fig 2), Fol3<
e BEHA gkt ojHe AFAME A A =24
Eo| 22EL 16 mg/ml $E2 ¥7}59< u) NIH3TS A)
X7} 80%S] AESE B 1Y AHY FF5Y B v
g vk JTHe]

DHEMERS 4] & HelHs

2o ZAAM eivete) B A8 AT8 Hof

Fig. 1. Morphology of NIH3T3 mouse normal fibroblast
cells treated with water extract from non-fermented
or fermented Chaga mushrooms (Inonotus obliquus).
A: Control (0 mg/ml), B: 0.5 mg/ml of non-fer-
mented Chaga mushroom extract, C: 1 mg/ml of
non-fermented Chaga mushroom extract, D: 0.5
mg/ml of fermented Chaga mushroom extract, E: 1
mg/ml of fermented Chaga mushroom extract.
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Fig. 2. MTT assay of the water-extract from non-fermented or
fermented Chaga mushroom ({Inonotus obliguus) on the
NIH3T3 mouse normal fibroblast cells and various hu-
man cancer cell lines. Each cell was cultured in me-
dium prepared with 1 mg/ml concentration of the wa-
ter-extract from non-fermented or fermented Chaga
mushrooms (Inonotus obliquus) for 4 days.

7ol whal iAol AQl Y EEojA Rol RAH T Qe
Hg Aotste] QA Fe) g N EF HCT-158 M85t
2E AN §5% B3E HESQTE TE L wLE
ANWA F2E5E 05 21 mg/ml T2 X2 T LA
EF2 HCT-15 29 YelH3E Fig. 39 e Aok 2
& 2 uga AR 3289 1 mg/ml 55 AT
7tz 744 e AE ASEE vy Avkislo] gy
A 433 aBHY A2 AL HAHFg. 2). 53] T
& Z7PA FEEAA A FY A EF HCT-159] tis) 48
ZHAA AF7} QS AAT & FEEY Y2 Ht 5F
o & FA94 ads AES A ApFo| BolAF

M EZ 24 0] A 5 A3 (Fig. 4), 0.25 mg/mio] A 5 50% 01*&
o} 7 vehfo] x7pAle] g A5A A $&

Fig. 3. Morphology of HCT-15 human colon carcinoma cells
treated with water extract from non-fermented or fer-
mented Chaga mushrooms (Inonotus obliquus). A:
Control (0 mg/ml), B: 0.5 mg/ml of non-fermented
Chaga mushroom extract, C: 1 mg/ml of non-fermented
Chaga mushroom extract, D: 0.5 mg/ml of fermented
Chaga mushroom extract, E: 1 mg/ml of fermented
Chaga mushroom extract.
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Fig. 4. Morphology of HCT-15 human colon carcinoma cells
treated with various concentrations (0~1 mg/ml) of
water extract from fermented Chagn mushrooms
(Inonotus obliquus). A: Control (0 mg/ml), B: 0.0625
mg/ml, C: 0125 mg/ml, D: 0.25 mg/ml, E: 0.5 mg/ml,

F: 1 mg/ml of fermented Chags mushroom extract.
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Fig. 5. Growth inhibitory effects of various concentrations
treatment of the water-extract from fermented Chaga
mushroom (Inonotus obliquus) on the HCT-15 human
colon carcinoma cells.
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Hwang S[11]2 A7A 125% 95 $2E&& W3
AEF HT-299] 15, 6 L 12 mg/ml H7HA] v kAt F
7 FEol moldSE SA A Advt Astrhar sho] B A
Pl Aot AU 4, Hwang F(10[& 3o A2

= X KR

HT-299} Caco-20] Euu|Al#} AEo||Al +84 F2ES
6 mg/ml E= 12 mg/ml A &lsgE o fFA AE A
F 74 A dgitka oy, 9 Al E S5 SNU4s4|
PRI ol%; FEA HOE JFS WA ZATT
ATk T3 o] HA FEEY Azl 2 A7A
7217k Wl °ok77}11% AE 5 ZHa7F A97E 96417 ikl &
IHA FEE 24 mg/mlF AFojHA FEE 48 mg/ml
A7t A ZHZF 40% 9} 50% FFEo0 B A Ao g Hus
Ao 2d e g A7HA 25259 3
7hgo] ol & Ay ALE-8 %EEE} 24 9 0115

NSUFLMEFO M= U el

IE g ougE AP 58
2 Mg 3 AFAF-YHET HeLadl He) W3S Fig 6011
e ek BE we Blta A 3329 05 mg/
ml 55 APl AE 4% Ao A FFE HA
A #3pg ot 1 mg/ml & Az FolA 242 27% F 9
A A2 Yehdlo] £ A8l AHEE AT FolAME 4
23] g FEY EAS 2 A(Fig 2).
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Fig. 6. Morphology of Hela human cervical carcinoma cells
treated with water extract from non-fermented or fer-
mented Chaga mushrooms (Inonotus obliguus). A: Control
(0 mg/ml), B: 0.5 mg/ml of non-fermented Chaga mush-
room extract, C: 1 mg/ml of non-fermented Chaga
mushroom extract, D: 0.5 mg/ml of fermented Chaga
mushroom extract, E: 1 mg/ml of fermented Chaga
mushroom extract.

Fig. 7. Morphology of MCF-7 human breast adenocarcmoma
cells treated with water extract from non-fermented or

fermented Chaga mushrooms (Inonotus obliquus). A:
Control (0 mg/ml), B: 0.5 mg/ml of non-fermented
Chaga mushroom extract, C: 1 mg/ml of non-fer-
mented Chaga mushroom exiract, D: 0.5 mg/ml of fer-
-mented Chaga mushroom extract, E: 1 mg/ml of fer-
mented Chaga mushroom extract.
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AR wl el A dojA) s T F o
o HE 7FSU18,21], R A 2EE
gurel A3 MCF-70) disted vl w2
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Fig. 8. Morphology of AGS human gastric carcinoma cells
treated with water extract from non-fermented or fer-
mented Chaga mushrooms (Inonotus obliguus). A:
Control (0 mg/ml), B: 0.5 mg/ml of non-fermented
Chaga mushroom extract, C: 1 mg/ml of non-fer-
mented Chaga mushroom extract, D: 0.5 mg/ml of fer-
mented Chaga mushroom extract, E: 1 mg/ml of fer-
mented Chaga mushroom extract.

Journal of Life Science 2007, Vol. 17. No. 5 675

W) A7l sl A A
9] 4 mg/ml H7} §
2 614%9] AT 4% AAEA} 9
S9Ee AA B4 ALAE 290 U
TS 40% FEAA AR AR Ve Faka)
2o YaAE e AEEAo) %1%% AN SY 22

2} HAA o)
B9, 584 $98 2 544
7.9

U AY AEF Ko vlAE Bdhe B A7 29 Hs
S92 Ham E[9]0] A}&-8 2718 A ol ow

Ao AL SR 40 AT B
BAEAN AT & A+A7 Bt o & 54 Ueh]

R S
2] 8k 7P £ Hep3Bel g i}e Fig. 9 L}E}Lﬂ

. 2 1mg/ml & A+

*1‘: AE A5 Aszt 2+ 47% 2 68%Z e,
M RE A 22 FY FRANE A2 18% 2
20% AZEASE As) Z37F Jepg S5 AN o £
& E5S HAT BE A F5E4 98 A 5%
Az A&As e dZAH FABA 4 Jelhge
u, BPEE 2 58 A rde o FS el
gF ol5o) g Y FAIAHA AFo] glojot & AL
Z A4EH9 A,

olA e AFA A1 2 A28 &
gds Z2AE BYd LE A FEEL
391% AA s, wLE At ojrY ozt
429%% et HT3,5]. w3 Bacillus sp. WRD-22
71 B E A7 Ale] A E 391% Fheta 9L,
ZriEadaios g G29 Gb Atole] ARA &
FS38%E TR AOR el AvAlo] wtaEE 1}
Ao A8 L9y A e ARG ol ¢
Afrel FLAEF AS A GAE vdE ArpwAld
o A3 Aoz A4 Ak Kim 5[14]& A7k A AL

2

tr

o

E2Y

2o
T ol g

ool fob Wi 2 2

p2J

r[o

W o> e 32

LA i1

=

Fig. 9. Morphology of Hep3B human hepatocellular carcinoma
cells treated with water extract from non-fermented or
fermented Chage mushrooms (Inonotus obliguus).
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AR Y84 571242 crude-polysaccharideE &
3 A3, Inonotus obliguus DSMZ 8695 % BELYU 11020] X
Zt7t 35.6% 2 269% FFEHOl UAATAL sA LubHo R
wHAGH e FLEaFAE 2= dFAe p-(1,3) 2 p-(1,6)
A% Z27MAE JMAE glucano 2 84 5534 &)

e Aoz w21

DNA fragmentation

wa g oupdE AT FEE o A E FAYA
7} 4| AR oJF AJAANE HES}7] 93 apoptosisy}
4ol #f Yehie DNA fragmentationd HEZHE ge-
nomic DNAE £ 3} agarose gel electrophoresis 3 2.
2 zApstgth(Fig 10). AT NIH3T3 A EE DNA
fragmentationo] Ao} dojubA] ol AT BE & A} 2
S AF%E RAY 56 dZY AEFA HCT-15 AEE
MTT assayol] ¢t A9} nparlA g wg A7pA 33
EFmol olg} v E /A FZE AT DNA lad-
deringo] o] dojut= Aol #AHo| 1 mg/ml FElA
59%2) A% As&e Sd o) FUok £ HIEE A7
A FE2THYe 2L AN FE20M 7 FEAE
DNA ladderingo] 20| Qojup HEZ4 o4 &37} &}
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Fig. 10. Effects of the water-extract (1 mg/ml) from non-fer-
mented or fermented Chaga mushroom (Inonotus obli-
guus) on DNA fragmentation in the NIH3T3 mouse
normal fibroblast cells and various human cancer cell
lines. DNA samples were prepared and analyzed by
2% agarose gel electrophoresis. M: Marker, 1: NIH3T3,
2: HCT-15, 3: Hela, 4. MCF-7, 5: AGS, 6: Hep3B.
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