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1 . AR HDAC #p#) %) SAHA %1% #1J% HeLa 20 005 4 4 45 a9 %, 42 ) SAHA 432 Hela %805, &
EHME TR MRS, S 4 & k40 n s ie3g 7, TUNEL A s fe 8 o, f—F 5L B 4 & 040 4m i, % 2%
RNJE F B Fa s BT A5 2 oA 20 feu T A5 58 7y, S BF 92 8 € % PCR (Real-time PCR) #= %, 9% ¥ i (Western blot) #i) 2
Ak, 4R 7 SAHA A ¥ Hela fe)s , miedg it T, K AR %, ot £S5 T KT EAR3 p21 KB AGK ; dphl
it A, BT RF EEAAR XA E MYLY AiAKF T H;SAHA LR meXA A EARA TR KRS
R~ SAHA T REA TS p21 Ao MYLY A B KA K AF 3p 4] 20 I3 58 ALk 2m i 32 % Am 1K 2w RS2 45 A6 A1 09 VR .
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Effects of SAHA on the Proliferation, Apoptosis, Aging and
Migration of HeL.a Cells

ZHANG Mengmeng, LIU Xuena, LAI Yongwei, LIU Yue, HE Hongpeng

(Key Laboratory of Industrial Fermentation Microbiology , Ministry of Education, Tianjin Key Laboratory of Industrial
Microbiology, College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: To study the effects of SAHA on the biological characteristics of cervical cancer cells, HeLa cells were treated
with SAHA and then the morphological changes were investigated under microscope. Cell proliferation was determined with
trypan blue staining assay. Apoptosis was examined with TUNEL staining. Cell senescence was tested with S-galactosidase
staining. Cell migrating ability was examined with wound-healing assay and transwell migration assay. Real-time PCR and
Western blot were used to measure p21 and MYL9 expression. The results showed that the treatment of HeLa with SAHA
could not only inhibit cell proliferation and cause the cell senescence but also increase the p21 gene expression. No apoptosis
was observed in HeLa cells following SAHA treatment. Additionally, cell migration ability was undermined, which was con-
sistent with the down-regulation of the migration-related gene MYL9. The above results indicate that, by promoting p21 and
inhibiting MYL9 gene expression, SAHA may inhibit cell proliferation, promote cell senescence and reduce cell migration.

Key words: SAHA; cervical cancer; cell proliferation; cell apoptosis; cell aging; cell migration
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ot Ak 3o 72 53 51 e 40 8 11 5% B2 il (histone  acetyl-
transferase, HAT) F1ZH 25 1 2 L EALEE (histone deace-
tylase complex, HDAC) {4k,

TEE SR AT, HDAC A /K Tt i i v 4
SR, EHEANMOREAS. R, HDAC 52 BAa B
WHe 254 ™. SAHA (suberoylanilide hydroxamic
acid, SAHA) X FRIR ST it (vorinostat) , /:3€[E FDA
HEMEH TR T 40 EIEIRITHY HDAC #Ii5H).
TEE WU, 2098 KB SAHA 55 byrZy
Yyl icTy O vk I I FH B e i 9 20 X AR T R
I7 R B , R 2 B, A DR A g T,
{2, SAHA Fph b FHAE B S dn e rp & 7 AR B RERY
HEWNEEONE, AR X A L R AT RS (52 e, H R
WA SCHRRIA.

YT HPV BEDRIRE B S0 () B, ARSI 2 i
BRI T SAHA XS EHUEAMMT HPV JEPIRIKH)
SN, K SAHA il HPV K 2k 5 | e 4t A J&]
HARHAE Y BRI, SAHA By 250 Ho Ay 98 200 i 26 70 1)
YEFFEA I, Rt , ARSI T | 4 %
FNAH LT RS X 28y TH A TR ABIESR.

1 HRSH®

1.1 &

EHEAM HeLa >k H3EE ATCC. JIR4-1MiE,
R R A B R AT B W 5 40 58 4 B SR S
DMEM-LG, 3 [F Gibco A ] ; SAHA, 3£[H Sigma 23
Al p21 YUl +FAm (ST) K42 p—FAL BT
e iR &, R~ KRAEYH AR BRA F 5 Trizol
5 M-MLV #5585 &5, 2 Invitrogen 23 H]
Fluorometric TUNEL System jfl| &5, Promega 2\ Al ;
SYBR Green 44¥}, 5 DBI /A w]; = BEE .
JERE & RNase A, JtatZR3EERHEA AR ; MYL9
PUik | B-actin HriA, Santa Cruz 22 H]; INFEPT RIS
P =EPLREOE =8, 3£ E LI-COR A H].
1.2 XWHE
12.1 mppssk

B8 Hela ANMIREFE T 10% B4 13 .
100 U/mL %% . 0.1 mg/mL %5 Z % DMEM-LG
KigRIE, 78 37 °C 5% CO, TEIREE IR A I BE R
Fi. RIS RERE] 70% ~ 80% INF, SR T 0.25% Jif
it AT AL AR
122 &wmriidéitmiedk

G HeLa 4Jfa3P T 6 FLAR, 2543 24 h

S P JB T 005 Ak T fe il 2% B B A T R VL O IS M R
FE. MRS 0.4% SIRIEELEL 9« 1 1RS]S
3min J&, 7650 R A I BRITEob 2 503 50 40
FFEAHAL , FEAH B G IR W5 €0, 17T A .

123 p—F5UbH o ke e %€

HeLa 4lJlifH SAHA At 72h J5, AR EE
Bt FUBE T g G a0 6, Feihd B Al 5 22 4 ¢
BY-FUMET RS M. PG e = I E 15 min,
PBS HEVEEIIASGA X-Gal WYL TAER, 37 CH
B, L RAEE T WETTHH .

1.2.4 %% ¢ ik (Western blot) 547

PRI B S R Y, AT SO0 M R I FL Uk (SDS-
PAGE) f:ill. 3 2 > 1 U AL B8 ol 2 1 3 B8 A TR
YRR, R ERE A 1h, 4253500/ p21
itk . MYL9 Hilk | p-actin HIABEE , 4 CRbrk, PelE
Je AR I 1 — 4T QL AEHT R 2SO0 P . I FHr il
BN ) EIREOEIEE 1.5 ~2h, YEE 3 &, H
Odyssey 15 RS
1.2.5 PCR #:n]

4 °CEM T Trizol Z4fF40M, $2HUE RNA, i
ITiHE SRA55) cDNA, M TR #L PCR S SCHT9¢
JtE & PCR (Real-time PCR). 5|¥J¥%% 5 GAPDH:
F3i# 5-ATTCAACGGCACAGTCAAGG-3', Fiif 5'-
GCAGAAGGGGCGGAGATGA-3'; 18SRNA , | i
5-CACGGGAAACCTCACCCGGG-3', Fiff 5-CGGG
TGGCTGAACGCCACTT-3'; MYL9, L 5-ATTCA
ACGGCACAGTCAAGG-3', Fiff 5~-GCAGAAGGGG
CGGAGATGA-3'; p21, Fiif 5-GACACCACTGGAG
GGTGACT-3', Fiff 5-CAGGTCCACATGGTCTTCC
T-3'. PCR JZ W 4544 : 95 °C 5min; 95 CZEtE 305,
56 CiB k 30s, 72 CHEfH 30s, 28 KIGEH; 72°C
10min. Real-time PCR [z IV £ 14 : 95 °C i 4% ¥4
2min; 95 C7Z5 ¥ 10s, 60 CiB k 30s, 95 °C 4E i
1 min, 40 MEFR; 95°C 10s &1l AACE B
PSR T
12,6 miRJE =%

FRIRAE RAFH) HeLa 4HMEEEFIT 24 fLAR, K55
24h Jg /NSRS RIZ, F PBS ¥k 2 Ik, BRIk
FIZH, SRIG I 5 umol/L SAHA #k£:5535%, 36 h 5
S T MEIEHANE. ] Image J #cpi R 98
B, $i iR (D) 34T R
0 hJJR 9515 — 36 hialJR 5 2

T % =
ARTB* 0 hkIlJi 5

(1
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1.2.7 Transwell 8 it it 4% 52 36

HE 5%10° 4> HeLa 401, &4 SAHA (0
I B SRR I M AS] Transwell FZEH, RN
ANGH 10% MR, 555 10h B2/ NE,
FIAREE R DE B H A, TR 4% 2 R
T [#1 5 DE R TR A 40 M , DAPL IS e A% , 1 0
PR E BT 2D 5 AR BEAH. AT 40
AR I () 1.

o e SAHAZLZE I B IRAH g 4

R = oM LA >
1.2.8 TUNEL %42 4m fe 8 ==

Jnzh kb3 HeLa 403, DMSO 1 & BH P % iE
4H. 24h J7, #% M8 Fluorometric TUNEL System i#7] &
() AL FRAN ML, 2 i s ™ B FFHA R,
1.3 St

SEHECR S ] SPSS v13.0 BEALFE, &2 SE
BHRLL A £ " FOR. A gitE 750
MR ¢ K, *3e7m P<<0.05, **#R P<0.01.

2 HRESH

2.1 SAHAX'E%if= HeLa 40 iE5E A 220

SAHA 4bFf HeLa 41l 24 h J5, 508 T UL
JL 5% B R A 24 A8 Ak, A8 (ST) 7T LAiss 3 g
M T, FHEBHPERT IR, 4550 8K, SR In2h 4 5k
DSMO ZHAH L, SAHA ZH 4 g 2% /)N, 40 A 1 FL A4S
K, gl AR (B 1) . i R mi Ak BRZH 20 if 2%
JE ), (B AN IATRAR N JEARR, 5 SAHA ik
P 24 L B S AN [

o

5 umol/L +Ffufs

N

DMSO

5 umol/L SAHA
1 MZ54IEf5 HeLa BRI SF L

Fig. 1 Morphological changes of HeLa cells after SAHA
or ST treatment

1 umol/L SAHA

T ERT SAHA Xy S 40 i B9/, A
FH 6 W s e sk JEAT IR A0 185, S5 SR i 2 fr
7~. SAHA ] HeLa ZHARAGI4%Y , If H % SAHA

FUHBLEEB $35% B30

WeFE BN, TE A H B8/ s 24 SAHA HeFE R
5 umol/L A, 1G4 IE H 24 k25 FAXT BRZH ) 50% . LA
a5 . SAHA Hlli B #idi Hela 4 g 7.

2.0

1.6 1

1.2 r

3
ok okl
0.8 |
0.4 - H
0
0 0.5 1.0 2.5 5.0
SAHAMJE/ (umol-L™)
2 AMIERERITE SAHA 4 3E/5 HeLa iFHAMME
¥=
Fig. 2 Quantification of viable HeLa cells after SAHA
treatment

1G4/ 10°

2.2 SAHAXT p21 EERIZHIZ

UL AN A 5 A A 52 B Z AP R R R HE. p21 &
P ORT 24 e 39 8 e 0 B R4V 51 4 A B B
A TS SAHA W Aniaigss s p21 JER %A
2, AR SAHA AbFE HeLa 4000 24 h, 4%
Ja42HL RNA, FIJ] RT-PCR HI Real-time PCR il
p21 ) mRNA K-, Z5 R 3 FiR.

0 0.5 1.0 25 5.0
SAHAM ¥/ (umol-L™)

(a) PCR P=HHi ikl p21mRNA /K-

20

B 16 5%
%
=
= 12
"2 5k
Z st
g
qo4r
*
o Lr— I I I I
0 0.5 1.0 2.5 5.0

SAHAMJE/ (umol-L™)

(b) Real-time PCR £l p21 mRNA 7K

p21 | e a— -‘l
B-actin |_ a7 |
0 0.5 1.0 2.5 5.0

SAHAH/ (pmol-L™)

(c) Western blot ¥l p21 #E [ /KF
B3 SAHA Lbif p21 BE R
Fig. 3 Expression of p21 increased after SAHA treatment
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p21 mRNA 7K F-Ffi SAHA BT En g il ,
& PCR 455 —2(. Real-time PCR Z5 R TN
SAHA 45 p21 mRNA ASEFHEZY 16 fi5. AR
WeFE SAHA AbFH HeLa 4] 48 h J5 24 fif 20 il $2 O
FE 1, Western blot Kl p21 & K258 BN« p21
EHME SAHA WEE I INmEE . AT UL, SAHA 5|
#2 HeLa Ziffirf p21 JFEPNFRIR0 B, M BHAS T
HeLa ZiAE A1, e Z4Mi HeLa 43458,

2.3 SAHA XI5 3% HeLa ZHA8E T 19520

ARSI F ] TUNEL 344600 SAHA AbHEA) HeLa
UM S S R T, T F A (ST) AbBRAL A FH P
TR 2L, DMSO 41 m P MxT Rl , Z5 R aniEl 4 Fr
5. JNZGREFE 24 h J5, ST AbFRZH A0 A% P H B4k (0
P, W ST 155 Hela ML A5 T ; 1 SAHA &b
FHZH 5 DMSO XfMEZH TUNEL Ye(ati KRR, i
TCAMIPAT- IS, DL 4503 : SAHA JEAL 1R
HeLa 4H 08 T=.

DAPI TUNEL

ST

100 pm

DMSO

100 pm

5 umol/L
SAHA

100 pm

100 ym
—_

Bl 4 TUNEL Z#il SAHA 40323+ HeLa 4HB0E - HIZNE
Fig. 4 TUNEL assay determining the apoptosis of HelLa
cells following SAHA treatment

2.4 SAHA %S HeLaZlfisz

M TE L2 5 p53-p21 {5 Sd g riE . /1
B8 SAHA Ab¥J5 HeLa ZHMuNGBE BT, AR K,
TEAME, FFE 2 nRe s, B 3 /R SAHA -
A p21 BRI, XL RELR SAHA FIREIS
.

R 20 M2 1 Bt p—F LB gLt
B EEAK pLFLBETERAE pH 6.0 A4 AT,
A X-Gal KA B, i B Al e dE e, H
5umol/L SAHA 4bF HeLa 40jfl 72 h, 45540 5 Fr
7. SAHA 41 Z 504 M P9 AE B0 1 €™ P ik BH 4 g
WIEZHC p—FZLBE T IS e 4 5, 11 DMSO £
B P AT TG, A J30) 200 PN TR 248 e D B o B
o, WYL A iR A AR IR T SAHA Ab¥E
1. HEEE SRR SAHA /55 HeLa 4l kA 5.

or
DMSO 5 umol/L SAHA
5 ZEIEXp-FIEFBLEELNARTE
Fig.5 Examination of cell senescence with f-galactosi-
dase staining method

2.5 SAHA #]#| HeLa ZHRaiE 7568

AN i g 20 M A A e ) Y v S B RS
JWiEZ 5 umol/L SAHA Xf HeLa 4HMIITRLHE J111)5%
WA TR SEEG , 25 5N 6 Fiow.

DMSO

5 umol/L SAHA

Oh

36h

(a) ARSI

Eilljisg =

DMSO

S umol/L SAHA
B
(b) TImage J FXAFRE =T
6 XIRSEHHN SAHA Xt HeLa ZBREIE 5 8E 1R FT
Fig. 6 Measuring the effect of SAHA on the migration of
HelLa cells with scratch wound-healing assay
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36 h S XF B ZH 40 %) IR LT A A i b B
SAHA A4 RRI B RA RS, Image J HFERE
30T, SAHA 2R 40 M Xl A 6 e 07 BH a5 , 40 it
BRETRET 40% /247, B SAHA REGEIH HeLa
AT R

QIR S5 R SAHA #1H| HeLa ZHMif47K
SEDT RS, HERIY SAHA 2 AL 0] L2 4 i 2s
TR RE ST, R transwell SEIGHEATIGE , 25 540K
7 B, I 7@ AT, 5 DMSO AR, nZhZam)
0 it 25 3 /0 2 R DA 208 S I T ST % )G T A e
b, B 7 () 45 R R, SAHA A S 4 LT Re %
T 70% , SRR SCHR 45 R —8. ZEE R RRE M
transwell SLEG 45 R, SAHA | HeLa AT
g

5 umol/L SAHA

(a) transwell 258

AN R %
)
o

* %

N

DMSO 5 umol/L SAHA
215
(b) Image J B2 54T
7 Transwell ;X4 SAHA %t HeLa ZRBfER 88 18
=21
Fig.7 Effects of SAHA on the migration of HeLa cells
determined with Transwell assay

2.6 SAHA XIEBHEXERERIZHZNT

MYLO EPALEREE 42585 9, AN B 2R gs iy &
RSy, S HAMMRE s SIS, s i
AEJ1. B T8/~ SAHA i HeLa ZHAEIERE B,
ARSI ISRl v B SAHA AbBR4R L, F A RT-
PCR . Real-time PCR FlI Western blot 545 T
MYL9 7E RNA /K5 EAK-RFRIAEDL, 45580
Kl 8 frs. MR 8 AJ1: SAHA T MYL9 mRNA 7K

FAMEREEE H35% H3m

- HLS U B AR A PE ; Real-time PCR 4555 RT-PCR
45— %, 5umol/L SAHA Ab¥EJS HeLa 4 rh
MYL9 mRNA /KT %2y 60% ; Western blot 455 1.
7N, MYLY ZE KB SAHA ¥k B 34 0 i i R
W& DL b S22s BAE], SAHA 3R 3T B AH 56 5L A
MYL9 ik,

SNl gy D GED D V=N

0 0.5 1.0 2.5 5.0
SAHAM ¥/ (umol-L™)

(a) RT-PCR ¥l MYL9 mRNA 7KF

1.2

Yool I
e
= 0.8
< EES
5 0.6
E * %k
=N 0.4
—
>~
= 0.2

0

0 0.5 1.0 2.5 5.0

SAHAM %/ (umol-L™)

(b) Real-time PCR :ill MYL9 mRNA /K3

g ——

B-actin

0 0.5 1.0 2.5 5.0
SAHAH¢ %/ (umol-L™)

(c) Western blot #iill MYL9 & 17K

8 SAHAMELFBEXERE MYLIRiE
Fig.8 Expression of the migration-related MYL9 gene

decreased after SAHA treatment
3 i i

AT EFELL SAHA SACERE HDAC #5574t
B SUEAE , AU A A0 A AN 27K A SE I IE B
SAHA ik ‘&8s HeLa M45H M AS | E AN T ; [F]
i, SAHA FIREEZAEC p— UM BTGk , 175 54t
MFE; FIRERHIEILN MYLY ik, 4T
FefiE 1. CAEMFFE 2500 SAHA X4 s s A
TSI, SAHA 5 AT | ARy 7 B I s i
ARG | e SEANIE T, WASCR B SAHA A3
AMEiE HeLa AMIEAT, ME15S HeLa AiifisE &
i HeLa ANARATRs. ‘B 20005 S50 Al 5 2500 A\ FE
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T 2 PR e 4 L DA 2 k2 A 28 il | i 5
BN ASIIR HINRE. SAHA FACE U8 HeLa 41T
RS, #7n SAHA W] REFRAILE S A e % B ri pl
R, RIS S0 25

21 it 3 4 A0 L e A AN Ak RE O B A PRI RE R
AR, WRATHEMRE AN, deT LUK AR F I 40
JH. Y 0E AN B2 E GG, A0 A S AT LB A
200 e R A S e N i 5 R T B R T
IEH MM, — AR LT, W HURIT 6 y7 b
SRR, AR AT T 15 AR A 2k e O Rl
RS R S 1) i Je 200 B S — T AT LA S P e 240 e
HOBE IR BIPURRCR ; 9 — 5, BB OREE T
Pt o1t 0N S R O =i A = P N e et L e € S
P R G RR IR AN, A, A SN X fh
T HIASGET 1 bR A MO A 36 7 45 AR AT g Ak i
S A2 R M DR RO R 9A 9T R G A AN i R S X
R H HTE AR , AT &K SAHA Hl i
FA LMW RIETS, Brll, ZE ] SAHA i3
7 S Y AR S S, HilE A A

HETRIE HPV JHEEA 100 2R, Fidfa
EEE, P LR R fa T HPV. S:808 30
G HPV A4S 16 AU 18 &Y 52 AIZE Hirb 16
T 18 %1 HPV 76 E HUf 2 4 P58 70912,
IR I B SR A 5T 2 AT 16 AEl 18 7 HPV AY41iE
FOAE AN, AR A5 HPV18 (1) HeLa
MIZR. J TIUE SAHA XFE S 3 i 1E 2 75
Wi FH T HA HPV R s 4, & — TAE
BEXFHEHT HPV16 By CaSki. SiHa 255 25l 20 if 2 3¢
AR, I RITE S KRG SAHA  BYHT S #509
YEFL. a5 . R sh K5, ik & 2
AP A ) SAHA Bz HAG A= W24 1 P FEAi.
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