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A3} p27, p21, 2 p53- sodium butyrate?} rapamycin®] F-A|Fo oA ol vl St W=y} Z718191 01, cyclin E, A,
Bl FXof n]#sle] Bkl 745 2Helsle]n}). Caspase pathway s ZAFEE 23 caspase 39] 2413} PARP whil]e] HA2
A ol Al SR B

AE : ]2 sodium butyrate} rapamycinel] 2|3 Af5At-g-0 2 b7 ok AlEL] FA A7} dofupr] 1 7]A 2 p27,
p21, p532] W&l Z719} PARP ¥4 9 caspase 32] FA] 7 Mo} E3 ol & caspase pathway S 73] Al EAPEALE =8l
2} ol AeE A7

|
R
|

FAeke] : A7 3ol A EE Rapamycin, Sodium butyrate, A EAFEA}

A B o] Algho] MbAlsh= 7l o A= 2 glar, A4 $41]
°F 80%4 =7} obAlol, ofLe] 7t Y dv] FA| oA A

O~
of
o
=
2
o

A7 e Seike el el sk, 915, W
3ol ole] o] WAZ & MANES Holi oM%Y

9
224112003 5 Fo eFAR] el B

O
1
iz
3
&
3
oly
o,
e
e o
©
v
o
o
s
]
=
e
©
i
!

o gkl gkl A WAEE A9E Ta AR
b A o] Adeke] oF 10.1%¢el waka 2001 9% et U 2z hHE 2 o) aoleh. et e AT
ARRRITELE Y1 BEAY] AT el A7h2800  Arol, AR AgelA s Sdoli A £
we] Algto] WAk QIek: A AAAOEE ol O b A v} B4 o) e AELE How 9
HPSHE oF 5 28R 2 Wo) Walele] A7k soedwk W o olelat Al F ) Eabeal garsiataiale) o)

wo] AAE

o
=
o
T

EEA5Y 120079 49 219 AP 120079 59 31Y

TAAA} T, 700-712 DA 27 EAE 19417 Rapamycin<= FK 506 binding %3] FKBP 129]
ARt SRl AkRelst immunophilinZ]¢] sh}Z mTORE] A& E3l] Al E£9]
Zs} : 053) 250-7509 « % : 053) 250-7599 ol s olals ol o1l _
E-mail : sdcha@dsmc.or.kr S 1 —1Xﬂ =2 T 11'1;}' ]FH 11' mTOR’] —lxﬂ T S6K13’]’
f;l ﬁ% ;&iﬁi‘%ﬂ% MRC GT-AIE|(R13-2002-028-01003-0) A€ 4E-binding protein 12] 243} Q14812 7H4a}e] RNA
*Thes:two ;:hors equally contributed. 01]/‘1 %H—],J_OAE_ 01 53’% Qﬂxﬂé}‘—:— O—:],if—l"% {?J'E]-,S"é 0]75\‘19]

165



Ho|=
Tﬂo

o H 183 3=

13t ol A rapamycins- ©]Z~E.2} mammalian A|Fol] o]
3tod mTORS] 7544 GI71E 53l AlE571E o
Aghe}a shelel’ 2elm g HelgkellA] rapamycin®] A
7= A71% == $lAlek. Sodium butyrate= AHHAH
o] a5 71 2.2 n-butyric AF2] sodium salto] ] ¥ ¥
A AZNA AZAEDAE frEshe 7]5o] ek’ wdt
t}E 7]5-2. 2= histone deacetylase inhibitor . Q175
vlo]2] 2 (human papillomavirus; HPV) ¥4 Q1 S+ Al| ]
A Gl, S 5719 AAlE Rol, p213} p279] 5
< %3} cyclin dependent kinase 298] E4-& A3}
o AZAPEALR o] 2A S}’ Tk e A EolA
T AE FA A g A ZAEAE st AoE o
A ek Al o] T JAE FA] Fojste] A4F
735-sbell Pl of kel Wik ArF BauE wl glod,
A 73 st Al Eel gk 235 Az o sy
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HPV-18 ¥4l HeLa A|EFE 10% fetal bovine serum

=

+ Dulbecco's modified eagle's medium/Nutrient
mixture F-12 ham #loFHellA] F-F-A]7] 3 37°C 5% CO,
o7 el A wl ks, 24-48 A 7F F- ufekel& agtalal
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2) AEA 22| A

A 73t AEF<Ql Hela AIZE 60 mm tissue
culture dishell 2x10° cell/dish®. A E5 B3}k 244]
7F oFA1Z] & sodium butyrate2} rapamycin (Sigma,
USA) s F=H = A2|gh 5 vk o] g A wiekA
20 AZE 244847 ¥ PBS o2 A F Ix
trypsin-EDTAZ. A} 432171 &, 1,000 rpm 357+ LA &
2] s}och S-S AlAskaL PBSEH O E A5}
A7 %, cell suspension 20 119} FF2] trypan

blue §-9-& E3talo] 1387 W] &) F3iek Hemacyto-
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1) FACS (fluorescence-activated cell storer)ol] <&+ A
z 7] ¥4

AFZ73 et A EZ 60 mm tissue culture dishel 3x10°
cells/dish 2 A £5 B3}t wiod]oll 24417F wj ozt
% sodium butyrate®} rapamycinS 5= 2 2|3k
A|EE 24-48 417} vl 9FA] 7)1 2L PBSE 424 &, Ixtrypsin-
EDTAZ A5-5-A171 F, 1.5 ml tubeol] $7]3Z 1,000 rpm

2.2 307} dAke] alslek A5e A 71sta PRS-
ol o 2 AH-FA1Z] FH 1,000 pm oF 3E7F 94l FHels}

gt} A= A At YA R ethanol | mlS 4
I AH-RAIZL T 4°C 1A17E oA A EE 34 A FT
1,000 pm 02 387} AAIH-2] sk AFEeS A A
PBSE- o2 A&k & Trisodium citrate (Sigma, MO,
USA) 0.1%, IGEPAL-Ca-630 (Sigma, USA) 0.1%7} &
%l 8-l RNase A 5 mg/ml, propidium iodide (Sigma,
USA) £--& 7lste] ghlell M 1A17F B2t 4°CollA] o
AEE B fA| EEA7)(FACS)E o]-8-3Fo] DNA 3§kl
- histogram= S48},
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2) Western Blot analysis

Sodium butyrate?} rapamycine s=HZ 22|gt &
cyclin E, D1, Bl, A ¥ A| FAPEALol| A= p27, ps3,
p21, pRb, active-caspase 3, pro-caspase 9 = PARP %1z}
chio] Wk ato] S galstar, A|EF7] 3] 2ol A8t
© AR S ¥ A Western blotS A 3 3}5ich
#-2Y8F A Eol| 4] Lysis Buffer (10 mM Tris-Cl (pH 7.4),
5 mM EDTA (pH 8.0), 130 mM NaCl, 1% TritonX-100),
0.2 M phenyl-methyl-sulfonyl fluoride, proteinase inhibitor
cocktailsr L Aol 3027k i F Al 3] 4=
< #3}L Biorad protein assay kit (Bio-Rad Laboratories
Inc., USA)E o]&-3o] ©hila-& 53 & 545
(Du® 650, Beckman Coulter Inc., USA)] 595 nmel|A]
S48kl i S AwFaigiv ojal A
#7143} nitrocellulose paper (Immobilin
Milipore, UK)2 %17]o]5{electrotransfer)= A| 33}t
A7]0]E% =L blocking&4(5% skim dry milk in
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TBS-T buffer)ll o] cold chamber ujell4 124]7F
shaking}3it}. Blocking-$-21-2- A1 A3} p27, ps3, p21,
pRb, cyclin E, cylin A, cyclin D1, cyclin BI, active-
caspase 3, pro-caspase 9, & PARP (Santa Cruz, USA)el|
o3t A2k Al 10 1,000°-2 343} blocking -8-2l}(A)
2)ell 3417t Fet HES-A17] 3 1XTBS-T £-24(20 mmol/l
Tris, 137 mmol/l NaCl, 0.5% Tween-20)°-Z 1037} 33]
AFstdet. 22l o)A} dHalel goat polyclonal IgG
(Santa Cruz, USA)Z 1 : 1,000°-% 3]4]3} blocking &Y
o] nitrocellulose =2 2L 2417} 5ok WA A A&
ZAZAAT) 1xTBS-T £ 2 2 nitrocellulose =S 103
2k 3w Al 6}04 H] SolHo® Aghlsle S A7
ahodt. 1A 5 "ol wolgle TBS-TE #1738kaL ECL
western blotting detection reagent (Amersham Biosciences,
USA)Z 73&3lsich
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Fig. 1. Effect of sodium butyrate and rapamycin on cell
growth of human cervical carcinoma cell line (HelLa).
Growth inhibition in HeLa cells treated for 24 hours
with various concentrations of sodium butyrate and
rapamycin. Cell viability was measured using Cell Titer
cell Proliferation Assay and expressed as % of control
culture conditions. *p<0.05, S; sodium butyrate, R;
rapamycin.
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ok MZFol|lA sodium butyrate2t rapamycin2| M&AX Zat
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1. Sodium butyrate®@} rapamycin®| A= £+ M| =Zof|
st SAIYH gat

Sodium butyrate2} rapamycinol] 2|8 2}7d -9} A| £
o SAA| EAE dolr ] lafe] wieks Apg7E -
ot Al #5791 HeLa Aol sodium butyrate s 5= 2
2|3t A3} 24417 52| A EFA A EA= w20t 5
V= F71s191 00 10 mMellA] 58%71A] 2] A E

H9lom, rapamycin®] -9 100 Mol A= 23%2] o
ARt Bod ot FAlel| Foatod A= AFAtE-0 7 78%
o] FA]o] AAl=|gl o FAAHCRE 9| 9l oA
< HYrkFig. 1).
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2. Sodium butyrate@} rapamycino| MZF7| & 20j o]
X= g2

A7
7t 5 BAle] FEEE Rl

A| 3ol sodium butyrate2} rapamycins- 7}

5 23t s Hehs 2t
7 2ol % sub Gl F719] o] 9l on), BA ol
oA % o|EA 07 sub G17]¢] F717} elue] Al
EApEARE] o S7FE Eelakala s St u

% sub G1 fraction of cells

ot
R SR SR SR SR

Concentrations (S; sodium butyrate, R; rapamycin)

Fig. 2. Effect of sodium butyrate and rapamycin
treatment on the cell cycle profile. After treatment with
indicated concentrations of sodium butyrate and
rapamycin for 24 hours, HeLa cells were collected,
fixed, stained with Pl and analyzed by flow cytometry.
The values represent the number of cells in a phase of
the cell cycle as a percentage of total cells. *p<0.05.
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Fig. 3. Effect of the combination of sodium butyrate and
rapamycin treatment on caspase activation and PARP
cleavage. B-tubulin was shown as an internal control.
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Fig. 4. Effect of the combination of sodium butyrate and
rapamycin treatment on the cell cycle related gene
expression. A-tubulin was shown as an internal con-
trol.

2} sub G19] S7Hd& IS thFig. 2).

3. Sodium butyrate2} rapamycinO| active-caspase 3,
pro-caspase 9 2 PARP X Xlof thst 23t
2z 7449 A| 1| sodium butyrate©} rapamycinS- &
R A2|eiar 2447k F A EAFEAL] A RS oo}
171 218}o] active-caspase 3, pro-caspase 9, PARP %1
Ape] WS SA3 A3 FAFATA A He o
caspase 3 SHilA o] oA Z7} v & | caspase 9
«] oF4 7+A 2 PARP cleavaget 54| Fod ol 4] Bkl
o] 7} SickFig. 3).
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Fig. 5. Effect of the combination of sodium butyrate and
rapamycin treatment on the expression of cyclin genes.
B-tubulin was shown as an internal control.

4. Sodium butyrate2} rapamycin@| p27, p53, p21, pRb,
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el 8- ek A3} p27, p21 % ps53 FAARE
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4). Cyclin E&] &2 Ao ol A &2 W37} glgl.on,
cyclin D1- FA] o] A F=7}
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S7VE Hhlo 3FAch(Fig. 5).
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Treatment with sodium butyrate and
rapamycin inhibit growth of human cervical cancer cells

Yong Jun Jeon®, Chi Heum Cho*, So Jin Shin, Sang Hoon Kwon, Soon Do Cha
Department of Obstetrics and Gynecology, School of Medicine, Keimyung University, Daegu, Korea

Objective : To evaluate whether mTOR inhibition by rapamycin can enhance the inhibitory effect of sodium butyrate, a histone
deacetylase (HDAC) inhibitor on human cervical cancer cell line Hela.

Methods: Cervical cancer cells (HeLa) were treated with sodium butyrate alone or in combination with rapamycin. Cell viability
was analyzed by 3-(4,5-dimethylthiazol-2-yl)-2 5-diphenyitetrazolium bromide (MTS) assay and flow cytometry was performed to
ascertain the effects of sodium butyrate and combinations of sodium butyrate with rapamycin. Expression of cell cycle related
proteins were evaluated by Western blot analysis.

Results: As proven previously rapamycin, the mTOR inhibitor was effective in reducing the cell growth of cervical cancer cell
line Hella. Rapamycin and sodium butyrate induced growth inhibition in a dose dependent manner, with 100 nM/L rapamycin and
10 mM/L sodium butyrate blocked 78% cell growth. FACS analysis data substantiated the competence of rapamycin in inducing
G1 arrest of mammalian cells, and this ability was greatly enhanced by the combination of sodium butyrate and rapamycin. The
percentage of sub G1 fraction of cells was remarkably increased by the combination of sodium butyrate and rapamycin. Sodium
butyrate in combination with rapamycin showed the increased expression of CDK inhibitors p21, p27, and dephosphorylation of
Rb whereas the expression levels of cyclin A, cyclin D1 and cyclin B1 were reduced.

Conclusion: The findings implicate that rapamycin could enhance the anti-cancer effect of sodium butyrate. Further in depth
studies and in vitro studies would throw more light on the growth inhibitory mechanism and its potential use as therapeutic drugs
of butyric acid and rapamycin.

Key Words . Hela cell, Rapamycin, Sodium butyrate, Apotosis
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