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The Changes of Expression of Survivin by Butyrate in HCT116 Colon Cancer Cells

Dong-Guk Park, M.D.

Department of Surgery, School of Medicine, Dankook University, Cheonan, Korea

Purpose: The causes of colon cancer can be divided into genetic and environmental components. A high-fiber

diet is known to reduce the risk of colon cancer. Dietary fiber is converted to short chain fatty acid, butyrate,

in the colon by bacteria. Butyrate is used as an energy source for the colonic epithelial cells, and is known to

induce apoptosis in colon cancer cell lines. Survivin, a recently discovered member of the IAP (inhibitor of

apoptosis) family, is known to suppress apoptosis. Not only does it suppress cell apoptosis, but it also has a

protective effect from disabling G2/M phase of the cell cycle by attaching to the microtubule of the mitotic spindle.

The purpose of this study is to evaluate the effect of butyrate on the expression of survivin, in HCT116 colon

cancer cell lines.

Methods: Cytotoxicity of butyrate was measured by MTS method. Cell cycle phase and apoptosis was analyzed

by flowcytometry. Protein expression of survivin was evaluated by Western blot analysis, and the mRNA expression

by RT-PCR.

Results: Butyrate can induce apoptosis in HCT116 colon cancer cell line at a concentration of 6 mM. Butyrate

suppressed the expression of survivin mRNA and also the expression of cytosolic and nuclear survivin. In

flowcytometric analysis, the apoptotic portion was increased and the proportions of S and M phase were decreased

when cultured with butyrate.

Conclusion: We concluded that butyrate could induce cellular apoptosis partially by suppressing the expression
of survivin in HCT116 colon cancer cells. (J Korean Surg Soc 2009;77:297-305)
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AR Aol o] AF el osle] F7HH olxt HEAt T =
3] deoxycholic acid7} oA 3] A|Eo| &5
Qstol Tgerel WAL AL WAk 529l 42
£ ol 3 At wAE A 5 e Ao 4
A ek AFSE Afae Aol A whaw o] gl AWt
2l butyrates AJAIsh o] butyrater= thAe] 4] /H]_L«]
oA Yoz Ag=c) w3 butyraters A % A&
Q1 AA/C1 A|ZF9F thAQE Al EFol A p53at 33t HOPHQ.
o F AEZ AEE E"?}D]—jl 42 A 9lr}h(1) Butyrate] Al
¥ A 8 I+= Fas W8 o]y} Bel-2 family 9] W3 =

%74]7]- A= %}E%X% )2 1},(2,3) protein kinase C (PKC)<}
p38 MAPK (mitogen-activated protein kinase)& 4 A A
Az A =g ol B54te] ekt vidolw
g54te]l o AE AES fFE3te Jgo| st
(4

Survivin 2| ol] ¥F74 %l IAP (inhibitor of apoptosis) fam-
ily®] slUtE 16 kDO 27|15 7HA &= shilfo|n] A ZAH &
SARKE Ao SHelA S 4 49 A

ez ek o], ik 719 F 22l Wl
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1) M2

£ g A& A= Bel-2 (100, R&D, Minnesota,
MN, USA), Bax (R&D), survivin (R&D) 5|t} A|E uljokol]
A8k vl A 2= RPMI1640 (JEIL Biotech Servicies Incorp,
Daegu, Korea)s Abg-3lom] H7igt A|GFELS SeloldA]
(FBS, Hyclone Laboratories, Logaar, UT, USA), penicillin-
streptomycin, butyrate (Sigma, St Louis, MO, USA) 5-°|™ A
54 AAE A% MTsHHell AR&3E AlFE2 MTS
(3,-(4, 5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium, inner salt, Promega, Madison
Wisconsin), PMS (phenazine methosulfate, Promega) 5-°]t}.
2 8] AFES B Sigma Biochemicaloll A Fs}$i k.

2) HCT116 CHEH} HEZ by

HCT116 A+ Alx2F % Bt A EF L34 T}
ek 39 Al] vt F HCT116 thAet li—zr% 1x
10%em’e] AE F52 60 mm Z7]9] wHfg
ksl om 3ulel uijekal e vkS 71‘0]“1‘/\ DP A=
A AAE Slstel = 96 well #lg-E-7] (Falcon)E AH-&-3131
t}. wljokel-2 RPMI16409]] penicillin-streptomycin (100 Ujml)
= A7k 10%9] FelobdA & Hrtste] 5% CO,, 7t
& Aele] AZEu]ek7] (Forma, USA)oll A wlokstgich e
Ag A HCT116 AlEE 573 & A4S b g2
RPMI1640 uljokof o 2 48] 7k wljokslo] Gl7]ol F7|3&
Al om ol FAIZEATIE EQlslsirt

3) MTS ol 9$t butyrated] MzZE =4 £X

7t 559 butyrateol] 3t AIE FAHE 47 S,
HCT116 A<t A ZE 1x10° cells/wello] 5 %= RPMI1640
o 3|Aslo] AE HLHE 96 well wHkE7]
(Falcon)®] 7+ wellol]l 100 214 Y31 24A|17F 5QF v oks}od
AZE wFE7odl F2AZ ek iAE 1, 2, 4, 8, 16, 32

mM 552 butyrate”} 5o ko2 ZrolFa 724

7F ZoF nfjokgl & A EEA]S MTS W o g =339t}
Z+ %9 butyrate’7} £+ HH°ok°“% Y A2 ek

o,

Ho g ZolFgleh MTS W2 2.0 mle] MTS (3,4, 5-di-
methylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfop-
henyl)-2H-tetrazolium, inner salt, Promega) 243} 100 1.19]
PMS (phenazine methosulfate, Promega) S5 & J’ }'7 z¥
welloll MTS/PMS &8¢ 20 114 How 759 3
CO, vioE7]oll Al 4A]7F EoF HF-S-A]7] 3 precision micro-
plate reader (Molecular Devices) 2 490/650 nmol] 4] B3 A
29] formazan®] EFEE Z2Hsle] 4 5] u}E EAS

‘37& AA&(%) 2 EHs3t.
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Butyrate®] 55 6 mME 7247 F9tk v
rateol] &%k A|ZEE7] 9] wiste} AE AHe] WIS ZA
7] 9sto] wlokol-S AAs . A EE-S phosphate buf-
fered saline (PBS)E A& 3t & wjok 7|2 HE AZTES &
o AEE 70% oAlgH-EE 4°CellA] 247k F<t A8kt
100% g2 24 & AL E & F AEEE A 150

A

1eg/ml®] RNase7} E35 of|ghgoll ol A2ollA] REG-A]
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7tk A Az 55 94 ZElste] AlZES Boal v
PBSE A|E detli-S wkEt). Propodium iodide (10 1 g/ml)
= flowcytometry S Al283s}7] 302 Aol A7}l flowcy-
tometry:== FACS (Beckon-Dickon, USA)S A-&3lo] =7 s}
%At} Forward scatter9} side scatter$} PIol| ot red fluo-
rescences 620 nmol|A] do] A|EF7]9] wistel A|EAE Q)
AEE A

Wi ubs

o

5)

i
A

ujekolol] 6 mMe] butyrated 78l HCT116 A<+
ATFE 1A F IR F o] ATEE AOE 4
ZHAl & 0.1 M PBS (8.5 mM Na2HPO4 - 7H20, 3 mM
KH2PO4, 125 mM NaChE 3xt#] Al-3 & A EELS A
23 =N 25 mM Tris-Cl (pH 7.0), 1 mM EDTA, 1 mM
PMSF, 1 mg/ml leupeptin, antipain, aprotinin 0.1% NP-40, 250
mM NaCl, 5 mM DTT, 0.1% Triton-X-100)el] -3 A7 c}. A
I FANS 12,000 pm o Z 1558-7F 4°CollA] AR 5 A
elo] 4EE Helo] ALANS Thujoz Aglslch
obeff AE HAEE thA] Triton-X-1000] Ee+= A|E &3
goHo g ohA] &A1 12,000 ipmeE 155-7F 40CN A
AR Z Asto] B2 Helo] wl ghile] BAol
Ag3s19i ), v A 22 Braford micro assaytdH o2 ZA
dglom A8 wrtA e so'col Bakssich
AE FAY 30 1g¥S Laemmli sample buffer (0.5 M
Tris-HCI pH 6.8, 10% glycerol, 2% (w/v) SDS, 5% (v/v) 2-5 -
mercaptoethanol and 0.05% bromophenollue)oll Y3l 95~
100°Coll Al 527 7443t & 7 A g5
gelsol| Al Laemmli ¥ ol olal] A 7955 AlBsldct. &
2l5 A 58S nitrocellulose ZH(BioRad, Hercules, CA)ol|
semi-dry transblot apparatus (BioRad)& ©]-&3}o] o] FA]71
& ukS- 1% TBS with 0.1% Tween-20 buffer (Tris 50 mM,
250 mM NaCl, 0.1% Tween-20, pH 7.5)°ll %<l 5% non-fat
skim milkZ 4°Cell4] WHA] HEGAIF T So] AIE 1
1,0009] ¥l&=Z 1% TBS with 0.1% Tween-20 (TBS-T) &=
Sof] 3]45le] 4°Coll Al WHA REGAIZATE 1% TBS-TE 10
t‘i/ll 3H4 k]]?—l ‘8]—

10% polyacrylamide

S peroxidase-conjugated ©|%} ¥+A|(anti-
mouse for monoclonal antibody, anti-goat for polyclonal anti-
body, 1 : 2,500 3]
CA, USA)E AZollA 1A7F F¢F WHAIA e oA 1%
TBS-TZ 1054 3¥ A1Hek & uk-Sx hwlS chemilumi-
nescence kit (ECL kit, Amersham Corp)Z HH3-A]Z] % image

4}, Zymed Laboratories Inc, San Francisco,

analyser (LAS-2000, Fuji, Japan)& whitd-S 73190}
6) RT-PCRZ mRNA & 813} =8

Butyrate *|2] 3 A|E AHol| Fofsl= AR A A]—JJ-
oA FEHEA of okiz] $1sto] 6 mM B
butyrates g 7}slo] 7241 7F B<F ujokdt ¥
(Life Technology)S o]-&3slo] A4 RNAS F33sl ) o
A A|EZE 27} Trizol solution 1 mlol] Hol] AEE :-?7“3]—
A7l & EHofl s3] galEA 2 AATIEE AAsE
7] 9stod 4°Coll A 1087F 12,000x g2 FAEE| S A3¥s}
3 A NS A Z-E eppendorf tubeol] %71 3 5E7F A2l
Al HEEA]7| 3L chloroform 200 ¢ 15 Yl 15% FE AshA
vortexinggt ¥ Aol A] 3E7F W] g Fol| 4°Coll A 1587
12,000x g2 9441 #elE Al¥eldet. 24257 RNAZE
23tE A NS A 2§ eppendorf tubeol] £7]1 = o] 7]l
isopropyl alcohol 500 #1& 3L é}%oﬂ/ﬂ 1057} ¥124)7]
I 4°Coll A 1087F 12,000x g2 HUA &
A NG A7 ste] RNA pellete] A7 2 =l g &
9] olEkE 1 mIE AT F 4°CollA] 587 7,500% g A
welgte] olgh&g AlASIL 158 B 371 FollA A=
AlA RNA JAEE Ak o] AL diethyl pyrocarbonate
(DEPO)E Hel3t T2 &A1 & L3FEAZ oD
260/280 nmell 4] F3= FAeto] FEH RNAS §55 =
Aetoich. F4% RNAE <3} 80°CE Waslar, 3k & o]
ol A&st3iek. 24 RT-PCRoI| AHE-3F primer®] 1714942
Table 13} 7t}

Trizol reagent

>

°l'

4 i}
1) Butyrate s ZAHA
FER g

Butyrate S 1, 2, 4, 8, 16, 32 mM<] S-ollo]] 3] 4

Table 1. Primers used for RT-PCR

Primer
Survivin 5> CAC-CGC-ATC-TCT-ACA-TTC-AA 3’
3’ CAC-TTT-CTT-CGC-AGT-TTC-CT 5’
Bcl-2 5’ TCT-GCG-AAG-AAC-CTT-GTG-TG 3’
3’ CTC-CAC-CAG-TGT-TCC-CAT-CT 5’

Bax 5" TTT-GCT-TCA-GGG-TTT-CAT-CC 3’

3’ CGT-CCC-AAA-GTA-GGA-GAG-GA 5’
B -actin 5’ TCA-CCC-ACA-CTG-TGC-CCA-TCT-A 3’
3’ CTA-GAA-GCA-TTT-GCG-GTG-GAC-G 5’
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sto] HCT116 tiAst A5 72417F 53k wieFsksict.
Butyrate 5 H7}s}A] ¢k iz 7ol v] 3l butyrate s 3713}
92 o) 7k Z7Hel wek A S4o] Zokslel 8~ 16
mMe| s AolollA] Hdigte AlE A4S vehd
Y} 32 mMe] butyrate FSollA= E2lo] 16 mMe] FE&
o) ST AT S4o) BLYE HelrhFg 1), 2 Y
oAl = 8~ 16 mM2] FE9] butyrateol| A= A|E FAdo] 7
sto] APFEES 6 mME Fsto] Ag-g A3

2) HCT116 CHEQ AMZEQ G1/S7| 7|3

HCT116 A EF< AlZ o] ofF st Al xF2 4

Cytotoxicity of butyrate
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Fig. 1. Cytotoxicity to HCT116 colon cancer cell by butyrate.
HCT116 cells were incubated with different concentrations
of butyrate for 72 hours. Cytotoxicity was measured by

MTS method.
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Fig. 2. G1/S phase synchronization was induced by serum with-
drawal for 3 days. The cell cycle phases were evaluated
by flowcytometry. M1 = subG1 phase; M2 = GO/G1 phase;
M3 = S phase fraction; M4 = M phase.

S5 3w AEFT]9] 7 7)ol upE A EES] vlEo] A
ZAatol] d8kg A 4= glck HCT116MEES G1/S7)dl =
713kA1717] SJsto] RE AYS H3Pslr] A wlfokg7]dl

ok g oll o 7 4847k Eqt ujjoks}
7t #7019 HlEs FAIEEAT]

ZAs 0t SAE B4 AT} Go/G1719) AEe] u&
o] o 87%% Aol thRE] HEESo] GIs7]ol E7]3
g s FlsksichFig. 2).
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3) Butyratetf| o|3t HCT116 CHEQY MZEQ| At

ButyrateS HCT116 A Al Z3ol Aglslolg w) AlZ
Ado] futE| =2 &7] 9ste] HCT1164]Eol| butyrateS
A7VebAl 2 L3 Abeke] 12417 FQF wekRE TellA
DNA 4 31,7]_ 010114_:;(],_% A) 543]_031;]_ Butyrate-—ag 7}
A 9k 7241 7F Zot uiekal Fol| A= AT Ao Azt
o1 DNA 374 3foll 913 DNA Aeke] mofo] thehtA gho
L} butyrate’s A7Fste] 724 7F F3F H]-]Olz‘é‘]— ;Loﬂxib DNA
EA43171 Lol butyrateol] ]38 A|E
g 717l SJsfe] Aojdrt AL

4) Butyrate0i| oIt M|EAIHO| 20{5t=s T W M3

Butyrate 5 A 7}sko] 72417k FRF ujekdt Fof] Al A

Fig. 3. DNA fragmentation by butyrate. The HCT116 cells were
treated with or without butyrate. DNA fragmentation was
induced only in 6 mM butyrate treated cells, which in-
dicates cellular apoptosis. M = DNA marker; 1 = without
butyrate, 0 hr; 2 = without butyrate, 72 hr; 3 = with 6 mM
butyrate, 0 hr; 4 = with 6 mM butyrate, 72 hr incubation.
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Fig. 4. Expression of survivin, Bcl-2, and Bax proteins. HCT116
cells were incubated with 6 mM butyrate for 72 hr. The
expression of survivin, Bcl-2, and Bax protein was eval-
uated by Western blotting. Immunoblot analysis revealed
that survivin completely lost its expression by butyrate, but
on the contrary, Bcl-2 expression was increased by

Hr

Survivin

ERK (C-20)

butyrate.
0mM 6 mM
0 72 0 72
o - Survivin-
- cytoplasmic
Survivin-
nuclear

Fig. 5. Expression of cytoplasmic and nuclear survivin protein after
72 hour incubation with or without butyrate (6 mM).
Butyrate can inhibit both cytoplasmic and nuclear survivin
expression.

of] Frojsl= o] ukel-S Western blot W02 24619

Cehul obe] S SJeloli Brki TS o &513ich
3} butyrate S 7FsEA] 5L 72417 ksl ale
AE Al A AEsHE suvivind] Walol F7)5
951‘4 1} butyrate S A 7Fsko] wlFgE 7ol A= survi-
vin §hfo] WFS ®|A] k9hth(Fig. 4). Survivin ghuie] Wk
< ‘ﬂ-‘*—"“ﬂ‘%‘ oz} ol ol A & ko] YIS thFig. 5).

AE AEE AAIs= Bel-2 T2 butyrates 4 71314

™

£
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l il
g

[}

kS ull= Wdo] gl o} butyrate s d7lslo] 724]7F
&<k viek3t A foll Eelo] Walo] Frtediet. Al A
€ 531+ Bax T2 butyrate?] 7ol ZHAIgle] BE
7350l A whde] ZhAsloih(Fig. 4).
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BAX
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B-actin

Fig. 6. Expression of apoptosis-related gene mRNA induced by
butyrate. There was no difference in expression of Bcl-2,
Bax mRNA transcripts by butyrate. But survivin mRNA
transcript was reduced by butyrate, indicating that the ab-
sent expression of survivin protein by butyrate is due to
suppression of mRNA transcription.

ﬁ

5) Butyrateo|| 2|3t survivin mRNA 25

Butyrateol] ©]3} survivin $Hl W o] ka7 Rz 24
of] o8k AJNAE &7 18} survivin, Bel-2 §73 212} Bax
GAALE] vEES Table 1] 9 primer® RT-PCR W] o
Z mRNAS| a3 FAsic) Bel-2 412k Bax 41
212] B2 butyrate S M 7VsFA] ¢k 724 7F Bt woks)
R e 27 Wik giodeh 2Eu butyrate s % 7bstod
72217t &t st S vl Bel2 FAAE wdo] F7}
st o} Bax AR wheo] ZH4&sldt). Survivin 4
A= butyrate S H7FsHA] 9k AL 1247 T ukdo] 27}
LT butyrateS d7Fsto] wokal A $oll= 72417k Zoll
o] A9 gl chFig. 6).
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6) Butyratet]| 2|3t HCT116 MEQ ME AlE i3}

HCT116 AL Al Zol| butyrates H7}slo] 1, 2, 38 &
Qk wieksle] RAIEZ A4S o] &3] butyrateol] oJ3F AE
F71¢] wste Al Ao BEE SHsh G0/G171¢]
A|ZE9] B&-2 butyrate] 37kl FAIF o] Hﬂs&M UR
ow 5719 AZZ9] vlE butyrates X 713E -9 A3}
Al 228 1Y, 19.47% vs 7.26%; 29, 17.43% vs 5.24%;
39, 16.99% vs 1.54%). M7]2] AZE2] v & X butyrate S
A7V 735 29 A 7 skl e 39l 24 ]
Fo] A1, 31.55% vs 12.21%; 2%, 43.67% vs 7.83%;
39, 30.60% vs 20.52%). A|E AEE Do AEE] Hl&
< butyrate®] H7}ol] oJzte] AR sA FrlelAon o=
24 A 7 ASAAL, 1.77% vs 24.97%; 24, 3.13% vs
47.86%; 3%, 0.70% vs 18.8%) (Fig. 7, 8).
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Fig. 7. Cell cycle analysis with flowcytometry. HCT116 cells were incubated for
1, 2, and 3 days with 6 mM butyrate. (A) O hr, without butyrate, (B) in-
cubated for 1 day without butyrate, (C) incubated for 1 day with 6 mM
of butyrate, (D) incubated for 2 day without butyrate, (E) incubated for
2 day with 6 mM of butyrate, (F) incubated for 3 day without butyrate,
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Fig. 8. Apoptosis analysis with flowcytometry. HCT116 cells were
incubated for 1, 2, and 3 days with 6 mM butyrate. (A)
incubated for 1 day without butyrate, (B) incubated for 1
day with 6 mM of butyrate, (C) incubated for 2 days with-
out butyrate, (D) incubated for 2 days with 6 mM of buty-
rate, (E) incubated for 3 days without butyrate, (F) in-
cubated for 3 days with 6 mM of butyrate. The apoptotic
proportion of cell cycle was greatly increased by butyrate
(from 3.13% to 47.86 % on 2nd day of incubation, from
0.70% to 18.8% on 3rd day of incubation with butyrate).

o] It AF =t olx E54k F7HA7IH (6) o
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deoxycholic acid (DCA), ursodeoxycholic acid (UDCA), lith-
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2343 = et Mahmoud 5 (8)¥} Narisawa “5(9)°ll wh2H o] %}
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A 713]7F AHojzlek. Afde tAellA] aEo] ok

HkAkel butyrateZ AJAI s (14) B4 H butyrates T
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Butyratet= 4-8t4E 717 Awiatez Az Aek AE9]
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AA/C1 A|EF9} A} A E3=Q] PC/IW/FL, HTl| 4 P53}
sk o 8 AlEAES fFEsvka e Qlvh(,19)
E Agol A-E3 6 mM2| butyrate’s == B Q] F
At o] FEoIA e AFrt Aol A9 butyrate]
S tigtly & 4 Qo) T3t 6 mM butyrate®] HCT116
7St Aol i3k AE SA42 butyrate ZHA| 2] Al E =
A mItH ke AEAE g% As & F Ak
Survivin IAP (Inhibitor of apoptosis family)oll <&}= <]
ZHe] IAP 53 F shitolrh & IAPE st B 1 o]
49| BIR (Baculovirus IAP Repeat)s Zt3l 9o BIRS <F
7070 8] otm|:=Aito g FAE oYUt AA7EA Aol A =
8709 1AP7} WA= 9}, Survivine 16.5 kDad] Z7]5 7}
A 179 Aol $1%] g} (20-22) Survivin long al-
pha-helix #+Z& Z-2™ RING fingers ZA| ¢b31,(23) 7%
Ho g 3o BIR 995 Z3 9t} Survivin®] carboxyl
terminal®] long alpha-helix -2+ polymerized microtubulin
I A% 28-S 2 (24) Surviving] S A E F7)o)
oJaff =A =t o] IAPTE F U3 AAelH, G2M
712 Aol & F= Ao g d#dA ek (21) Survivine A E
ApEae] =24 i ohdet AZEARE FAZE hon, H
Aol oahi B i Atelul B5AA EFellA
WA =tk 22) o183 survivin® AFES] A4 A EollA]
A= 7lE st 2 g2 ol Aok 2 51ke] ATl o8t
, & 3kakell Qo] survivin®] WFE- EEFE

\:! o
TR a5 dPHoE FA &L 9% X

¢

=

oo (B oaZ kol

o7 By 3 9r}.(25-28) Survivine HFZ(transitional
cell carcinoma, TCC)ol| Al £33t of| Q1A 2 A ol 4] 9
survivin®] %L o % ol QA A7) A QAR
AR} (25) HUdelAE survivin®] o] E-2kat o F9}
AZARE %EAAE Ao HEH T Q) et
ojl ol A= survivin®] A|Z U] W2 FF 3t o
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vin®] W& wlallsl L survivin W A A|ZAES] =
1, GeAlel ek A4Sl Bk, 24 2 HAE He)
t}.(28)

HCT116 A< AZ 5o 6 mM9 butyrateS 3 7}s}o]
AT Bt vk AT AEADE FEoHE Bax S
butyrate®] 7}t HA|le] W o] Zh4sto] butyrate”} Bax
ghule] wolE oddbol G AL oF 4 Yedeh Tet
AE AE-S AAs}= survivin butyrate s 3 7}sFA] ok

$ T2A1 7k Zo]] Wk o] dxJs}A] Z7}et= HHH butyrate
2 Aylsto] ujeksl 7ol AL 7247k Eol] A chud ul
ol glitl. o] butyrate”} survivin®] W& 2A-s= F
Q3 99lo] 5= A& AJAFSEY] butyrateE 7 }° 73 ol
Ae AZE AE-S AAIS= surviving] W& Zhiof] 2] s)o]
AE Aol Dot 4 A4S A A} 2E} butyrate S
A7V 7% Bel2 B9 WS 274417 Bal2%h survivin
< AZT Aol tidk F7HHQ Adde] Dad Aow A7
o}, Surviving ¥ ZH&7) surviving] # eto 29 o] %
01] géﬂ_ 7)4\?1;]% 01—7] _r]ﬂ_gq ‘ﬂJ"qu-J u].uﬂ_,,]. oﬂu]—uu

AL Felste] Ay A AZAN F ohz} dle] ok
W E T haste 22 Flste] survivin o] A

A2 A Aol 4] butyrateol] 2]3F W] A7} dojuhe
Aoz 7=} e WdE st o Aol A= butyrate X
gl & ol ARt survivin BFH o] Ko butyrateol] 2]t sur-
vivin®] Wk o] Wst= F2 A ZZANY survivin®] HHe of]
dgko] Ql& Aoz Azt=Elr}t gk 2] survivin ol
+ butyrate®] dgko] YA ol A|EAN L survivin©]
A E o] 58 7hsAd el 3lo] butyrateol] 2]3F survivin®] Al

E olAlel 912 wskol digk A7 AW Folh
AE Al Folshs S5 MHE Bela SR}
Bax-T- 2= butyrate s A 7VslA] 95aL 72417 < vl ekst
& W wEe] Wart gk 22t butyrate s 3 7bsted
72217t 59t kst E vl Bel2 AR W] F7)
3}l o) Bax A2 Walo] Zhasgict. o] & okl Wb
2] 739-2F dXst+= ZAFolt}. Survivin A= butyrate s
HA7VsAl b2 A5 12417 F o] F7bsll AL butyrate
£ A7ksto] wiekst 7 f-oll= 72417F Fof] Whde] A9 ¢l
o] Azt chuio] Wit PXel= AIE butyrateol]

2|3t survivin®] FA2 B A Al 2slo] survivin T €]
Welo] Zhadts & sk

Butyrateol] 2]3F HCT116 thA AEe] AE F7]9] ¥
3h= GO/G1719] AlEE9] H]&< butyrate 7holl 2 &=
WE2] okskeh. el 719 AEEX thEToll Bl buty-
rateS H71gE & 190l 19.47%}F 7.26%, 29 9ll= 17.43%2}
5.24%, 397l = 16.99% 2} 1.54% = AAs}A| ZHast il
M718] AIEE9] B & X butyrateT 713 FollA] dlz-ol
Hlal 190l 31.55%2F 12.21%, 2Ll 43.67%} 7.83%, 344
+ 30.60%} 20.52% % 53] 294 FAA FHasaict Al
EAHEE Yoy AEES HEE butyrateS A7} 7
5 53] 294 AAZ ZUHE AT 1.77%2F 24.97%,
290l 3.13%2} 47.86%, 394 0.70%2} 18.8%). &
HCT116 ‘;H;d.oL /:ﬂ_;i__g,] slu]—_‘l '61-/(-13]_,‘: j’,]-76]j,]_ _'C_i_/\]_J;Lo:l
o] dojub= AZ F7] B FAZ FgFE Fol AE
As frieshe Aoz 4% g ek olnkE o] 2g2
Az AL AZF7] 5 FALEY AAHe F
= 3k survivin®] W LAl o o
7HA butyrate®] A|ZAE S 278 °8'*ok—°—
o2 Aellol™ butyrate®] U FA L
W E| I §lo],(29) o2 o] ool ubet Ak
rateE A St ANZ A& F s 2R 7Y
i gt

butyrate =

‘5’]— o:] ﬁ]—
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