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Abstract

Phenylacetate was found to induce tumor cytostasis and differentiation. In this study, we
investigated the activity of the synthetic phenylacetate derivatives, 4-fluoro-N-butylphenyl
-acetamides (H6) treatment of human cervical cancer cells. Results showed that the anti
-proliferative and apoptosis effects of this synthetic compound. The IC50 values were between
1.0 ~ 1.5 mM and ID50 value were about 3 days. Moreover, it significantly induced apoptosis
evidenced by morphological changes, DAPI and TUNEL staining and DNA fragmentation. H6
increased the expression of Bax protein, whereas decreased the expression of Bcl-2 protein. H6
also induced proteolytic cleavage of poly (ADP-ribose) polymerase (PARP), and then presented
DNA fragmentation and apoptosis. To search the mechanism of anti-proliferative effect of H6,
cell cycle analysis was performed. Results showed that 1| mM H6 induced S phase arrest in
Hela-S3 cells and G2/M phase in Hela and Ca ski cells. Western blot analysis of S phase
regulatory proteins demonstrated that the protein levels of cyclin-dependent kinase 1 (cdk 1), cdk
2, cyclin A and cyclin B were decreased after treatment with H6. H6 increased the protein levels
of p53. Taken together, these results suggest that down-regulation S-phase association cdks and
cyclins and upregulation of p53 may contribute to H6-mediated S-phase and G2/M phase arrest.
Furthermore, the decrease of Bcl-2 and activation of Bax, caspase9/caspase3 may be the effector

mechanism through H6 induced apoptosis.

Keyword: phenylacetate derivatives/ cervical cancer cells/ cell cycle/ apoptosis
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p53 F-v & - fA*E B Pr4] F]+ (tumor suppressor) 2 & 4534 & F]+ (transcription factor) >
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(chemotherapy)B| $ #ids chin s »c % 17 o

Z 4 e

< w2 AR Sd Kerr 4 AII2E R A 1 & §d
— FEOIRAL v FoKfEps (cysteine protease)fxdr 314z e k= oo ipdt Fod gLyt B chdp i
B >~ %A d caspase (cysteine aspirate-specific protease) i & ¥ o ¥ wmrz 2 |
» i (T - P v FRSf2IT T (proteolysis cascade) @ 5= AL @ T < BT OT
poae ’ﬁ + Mfhcaspase e A R Y AR I 0 A A BRARLG frimie F - G M P tmue =
1 & A G S LT 0 — 5 mitochondrial pathway » fw?e 7= 2 4 R @k B I wmied 2 C
(cytochrome C)> % cytochromecC £ Apaf-l1 & » €1 caspase 92" o ¥ — % death
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Hela ¥ Hela-S3 F 3t A 553 § 5+ & ’9;]1-&-.,.91 ’z (human cervix epithelial & adenocarcinoma
cell line) - Ca Ski 3t % $f+ ¥ §¢ 4 & # % 'm*¢ (human cervix epidermoid carcinoma cell
line)> & + ¥ FE @K B im?z o Hela, Hela-S3 22 Ca Ski ‘w2 M = 2B R A5 F 5% =
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77 » % B TUNEL (terminal transferase-mediated dUTP-fluorescensin nick end-labeling) & i?|
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e 2 DAPI &) .37 CR A ¢ A7 30 448 1 PBS ik 5 4R A A2 (5 B ¥ kM At
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(=) &= % DNA ehE o A 2 47
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oo T g ank- ¥ A A ER I Bel-2 0 i@ kA ) chcytochrome cefR ) o
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(1) H6 i =+ ¢ iz cnd Bie* > d Bl- 2% 87 > SHO AJZ+ ¢ FRme s §
FEF PR Fwe it B2 ek o B REEFR iR FHEoHIC 95 1.1 mM
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(2) ‘wmre k= = (Cell Apoptosis Assay) > § m# k= 4 pFr > ¥ BRI 7 3w be 3
T ke D m e Bg > i TR e ek~ e T AL A e sz CN A4
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32 H6 ‘w2 «’F’fs D= e 3R me A i ey o 44 ggﬁq;;ggﬁ—ﬁa ¥ DNA %74
F RO B o R R R0 A H6 o % F 5% n*s Hela - Hela-S3 2 Ca Ski cells
Ab im0 R SRR R F IR e = PR S

(3)*H6 # Fimre k= ¢ £33 = mbe ?cytochrome c:h % #% £ caspase 9~ caspase 3 5 1t o
FAEE R ES T B R B SR R B AR OR R S gl
‘WP e e 0 B e PE R e 'i’f”fté«/(;“_ré o hmre B AR 2F 5 AT RS me -
e2A ¥ 5 caspase RIFE Y R B e k= ¢ - BEEY £ B B o e TS
SpF iz ¢ 33 = cytochrome Cd 5 E8 f 35| m¥e > fw¥e B cficytochrome Cif £ Apaf-1 %
& ?ﬁi&% & 1 caspase-9 » i# = caspase-3 % it K [ cfcaspase-3 € #-F #Fehk T —PARP
AfEda B R0 IR AULine 1 EF g R RS AR § S d A 192
(Western blot analysis)!4 anti-cytochrome C, anti-caspase-9 £ anti-caspase-3 = a4 i ip] fm 72
B ehcytochrome € > caspase-9 £ caspase-3 £.F € & 1t o KRBl chg % B+ § 5O
EH6 IR is cytochrome CE d B MMM T nre B2 N F e JLPF Al 40 b ve B 5
cytochrome ¢ * ## % fﬁ % o cytochrome C4{ ¥ P¥ A 3 4v e P i1 4§ ¥ caspase-9 ¥ caspase-3 -
I ECIPCRISRE =R Rl S R S (O Yok S8 P chcytochrome Cf 2 X w®e B > b pF
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(4) 4-Fluoro-N-butylphenylacetamides (H6)®8> 55+ ¥ 3¢ g w2 ¥ ¥ e F > WHO o2+ ¥
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PR s e 0 SEG2MPEER & F vt s S AR S 2004 AR 2 0 S ¥ SR
# ¢ » # cyclin Afreyclin B4 ﬁfj{z\I}Lm'F’T v @ BT e ehd e 0 d e iy
a7 %7 HO6 ¥ 1 = w2 33 ) o B B F A S G2/MPFEp » Fpt 2 i o 4782 H 4p i e
cyclins% cdks > ¢ % &7 Bl o d % % ¥ &rH6 2 24hrpF > ¢ 3¢ S cyclin A, B% cdk 1, cdk
2EA BT P FRR {4t LY 5 o ¥ ?h 7 2 47H6 i Hela ~ Hela-S3 ¥ 18 >
p53 F-v Fen® it o B % FMpS3 Fov Fend MEP R 4 0 B pS53 3w B AHO $5
TR Bpwie it Y DR E R 4 (Bl ) SFEL R Ry 7 rHO BESF ¥ %
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= s 4]2 — £ = apoptosis inducer Bax -+ i e& JLE 3 4r ; % apoptosis

suppressor Bel-2 F-6 ehd B O o Foeb s m g 2 Fe4F 2 4p & Staurosporine {- TNF-o. 4t
Hela-S3 cellssh# & Frd) 5% 7 %gﬁ Bax~+ & & i~ 3 R A48 %+ > FReytochrome Cff *xfrim

= 2. F L, He ¥ 35 d $iyBel-2 2 Bax2 B 0 51 e g e

FEHOFET g pwmre k= chlg sk § HO & »Jplmie p > (5d — P w0 i 3 - 50
i * 3E 2 Bax F-v e B 4 o iﬁ-i'&%ﬂ@ﬁ" cytochrome ¢ f#x3|im®e i > 315 7 35
caspase-9 E it %’%’ d caspase-9 =% 1t ¢ 17 caspase-3 LSt  wmE P HEFERH N2 A
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Hela cell HelaS3 cell Ca ski cell
Control H6 Control H6 Control H6

vin

DAPI

TUNEL

H6 vs Hela cell H6 vs Hela S3 cell H6 vs Ca ski cell

8h 24 h 48 h 48 h 48 h
M C Heé

500 bp

B = - 4-Fluoro-N-butylphenylacetamides (H6)3% % 4 2§+ ¥ 58 % ‘w*2 Hela ~ Hela S3 #2 Ca ski
cells him# k= o 12 DMSO~ ImM H6 /= Wi ¢ 3+ § Sk m?e 48 | pF (A)r1 3 & %
d B tmre A fi s 1Y 5(B) 1Y 2% agarose gel 4 17 5 % &2 {8 DNA fragmentation sf§25
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HE vs Hela cell H6 vs Hela 53 cell

24h 48h 72h 24 h 48 h T2h
HE HE He
hro:
el cytochromo ¢ eytochrome ¢
eytochrome ¢ (eytosol) (cytosol)
(peliet) cytochrome ¢
procaspasa3 (peliet) pro-caspase 3
pro-caspase 3 32KD m
caspase s [p- actin m -
i~ actin
caspase 3 17T KD
pro-caspase 9 43 KD
caspase 9 34 KD
- actin

Bz H6 3 Fimre = ¢ ¢3¢ = %2 T cytochrome C 7% f £2 caspase 9~caspase 3 /& 1t o
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( A) Cell ¢cycle analysis for Ho-treated Hela cells

Treatment
[Distribution of cell eyele (%a)]

Time (h) Cell eycle Control Hé
Gl J360+£212
. s 4228 £0.55
Ga/M 2412+ 2.66

Apoptosis 0.00 £ 0.00

Gl 4182+ 1.94 3117 £1.82

g s 446 £3.12 46.86 £ 2.37
Ga/M 23.72+£1.21 2197 £ 1.88

Apoptosis 0.00 £ 0.00 1.97 £1.30

Gl 46.04 £ 1.78 4262 +£1.44

24 s 40.54 £ 1.42 2887 £0.56
Gy/'M 1338 £0.48 1851 £0.91

Apoptaosis 0.09 £ 0.00 2357 £2.96

Gl 4461 £ 1.40 3063 £0.28

48 5 3557+ 1.89 2268 £4.19
Ga/M 19.82 £ 0.63 46.68 £ 3.91

Apoptosis 0.21 +0.03 28.18 +7.44
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(B)

Cell cycle analysis for Hé6-treated Hela S3 cells

Treatment

[Distribution of cell cycle (%)]

Time (h) Cell cycle Control Hé6
Gl 41.03 £ 0.62
0 S 4296 +4.96
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Gl 48.57+3.42 358+46
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Apoptosis 0.91 + 0.09 28.36 + 1.82
Gl 47.61+1.40 48.9 +£4.90
48 S 3557+ 1.89 44.6 £ 3.50
’ Gy/M 17.82 £ 0.63 6.7+2.3
Apoptosis 0.21+0.03 29.93 +2.13
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Cell cycle analysis for

He6-treated Ca ski cells
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[Distribution of cell cycle (%)]

Time (h) Cell cycle Control Hé6
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Gl 60.19+1.77 53.62 +£1.32
. S 2932+ 1.38 27.74 £0.55
" G,/M 10.49+0.71 18.64 £0.95
Apoptosis 0.37+0.06 5.62+0.24
Gl 67.43 +0.80 52.70 £ 2.75
o4 S 22.39+£1.09 21.00 £3.42
Gy/M 10.18 £ 1.84 26.46 = 2.51
Apoptosis 0.68 £ 0.09 6.01 +£0.95
Gl 7253+ 1.71 61.51 £1.38
" S 18.96 + 0.58 19.93 £1.11
) GyM 851+ 142 18.56 + 1.45
Apoptosis 2.34+0.15 13.15 £ 2.34
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H6 vs Hela cell H86 vs Hela S3 cell H86 vs Ca ski cell
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