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FEE R b B B WA 0 AR B RIR T (M-CSF) B 70 IR 1) R AR R J i R b R AR, R it M-CSF X 41 a3
e TS0, SR 5 IR B 20 e A 38 it PN % 2235 M-CSF 1) HeLa 400 &, LLAS 8K (pCMV/myc/cyto)#% 4 HeLa 2 it fll A %
H& HeLa 4N MO fE A5t B, MTT 5 B R SCEEAZ T BRI 5256 20 A1 M-CSF X 40 M B4 58 (K1 52 iy, I oF 5 40 e 5 W9 1) 1), RT-PCR
ME NI M-CSF 5t G140 i A S SR A s . 45 R BoR, HXTIRALLE, # 4 M-CSF ) HeLa 4H i £ 3% i (8] B &5 4
B, SGEEHAE ) W E IR, M-CSF BRr etk S SCSEA% AT IR B3 7% 4% M-CSF ) HeLa 4 ffd )35 58, B0 2 BEAE I L SEA% 1T
PRI TR T T G 94, %4 4 M-CSF (1) HeLa 41 (%) cyclinD1/D3 #l CDK2/6 mRNA ik i THE (P < 0.05). $75: M-CSF 7]
i cyclinD1/D3 Fil CDK2/6 1] mRNA ik, ik HeLa 41 fry 5.

XA BV AETEAEIR 7, HeLa 4000, pCMV/myc/cyto-M-CSF #/4, #HM0IG5, 4008 E

FRHES Q2, RT3

W 41 1 4 % il 3% X 1 (macrophage colony
stimulating factor, M-CSF), tHFREE 7% ¥ 1 -1
(CSF-1), & tH 2 Fhau iy A 1) — B BAT 1% R R
PE 48 i K71, M-CSF AF b 4l 445 5 4
TEW AR PRAAE T sl B8 TR, B 40 A 4
Hro BANTEIRIR I I T 40 Bl i, Se R Re )
RIBE N, (RPN B, Dk, — MOl R, 4l
JE A B HY M-CSF {23k . {H I 4F 5k AR 50k
PR VR 22 g n s FLIR g i
N Sl A, BT RS W ALY M-CSF, £
FlRE oA AN ma G A, NS SR i
TS Mg A8, M5 A R A% M-CSF 15
T B TE IR ) R A R TR A EE ) TR R AR
. RVE X T IX L8 5 A7 A7 76 1) M-CSF I4EFH &7
PRI, ARHAE IR, HaTanz b,

DRI, ASHIF AR F o K 2 2 ) 24 BRATE 5P
HALI pCMV/myc/cyto-M-CSF #IL ) i {7 & L 2 14,
T I NG A e g NS B0 HeLa 40 M0, g V75T
a5 i1k M-CSF [¥) HeLa 4l &, B E&THE
JR 215 M-CSF f HeLa 43454 52 G1 #1402 J#)
IAH IR IR RE M

DOI: 10.3724/SP.J.1206.2008.008 74

1 MEFTE
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HeLa 41 1)l [ vp 1L K 2% 40 Jfl 22, RPMI1640
J) 2% [ GIBCO 2w, oS s A48 A= 28 I3 At
MY ZEFH AW TREA R =0, pCMV/myc/cyto %
. Lipofectamine™ 2000 % 44 i & G418 I H
% [H Invitrogen A F), 4 A& pCMV/myc/cyto-
M-CSF tH # £ K % 25 W) 25 30T 50 pr # 4
First-Strand cDNA Synthesis Kit Il [ MBI 2 7 ,
2xTaq PCR MasterMix J# H 46 50 K4 AR A B
2Aw], PN M-CSF $50fEdifA 4 Santa Cruze 2
H 7o, RPL B-actin —Pi. BRI AL DI AR ]

* R ASRERAIEE Y BT H (30270684), i FE 4 [ AR Bl 3L 4 % Bl
i H (08J35004), 1 78 44 2L /T BHE VR T H (074059, 07C635) Flilf
AR VR 30 H (06F3203).
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PIFEPLR . EPi P EWE b AP R 1eG
THUAAE I AL S M A R AT BR A EL
MTT 2 Sigma 24 & 77 .

1.2 A%

1.2.1 4R S FEYs. HeLa 400 & 10%:8 4
A= MG ) RPMIL640 159755, 76 37C . 5%CO, I
B 7R #8 WN BF 9% . % Invitrogen 2 #] fJ§ R 1K
Lipofectamine™ 2000 % 441 Jp e 4y, G418 i ik,
] B SR FH 25 3048 pCMV/myc/cyto 5 G 41 B Jo K 5
e1r) HeLa 4 i A X HE.

1.2.2 BG40 1 (¥) RT-PCR . $2 HU 40 i
RNA, % First-Strand cDNA Synthesis Kit J5 %5 %
cDNA 5§ — % . M-CSF %5 5 Tk 19 51 9 1 i -
5" CTTGCCATGGAGGAGGTGTCGGAGTACTG 3,
U Neo 1 BEUINL AL N 5" ATGTGTCGACCT-
CCTGGAGCTGCGGGCTG 3', &1 Sal 1 B YIAL
Ri: Neo 5% Liif: 5 TCCATCATGGCTGATGCA-
ATGCGGC 3’, Fiif: 5" GATAGAAGGCAGTGCG-
CTGCGAATCG 3'; GAPDH 5|4 [-iif: 5" TCACC-
ATC TTCCAGGAGCGAG 3', Fiif: 5" TGTCGCT-
GTTGAAGTCAGAG 3'. #"3 PCR: 94°C 4514 30 s,
57CIE K 1 min, 72°C £ 1 min, 30 MEI )5
72°C L GEA 7 min, 20l N . BB R HL UK
5.

1.2.3  # YL A0 1K) Western blot £l . 4 41 fitg ,
F BCA WGRIMNE S A B &, EFEZR i i - 41
E TR, 4 10% SDS- 28 A T i Bk I v ik
J5 ¥ % PVDF I, T 1 marker fifi & £ 15T
Oy PRSI E . S 5% 0k (1) TBST
VB, 10500 i\ M-CSF 5§ B-actin —#7T, 37°C
¥ 2h B 4ACHFE IR, TBST WPE 3 ¥ 1: 1000
INNBRAR I A A B b 19 L =E T BREOL PR
—9i, 37CHFE 0.5h, TBST WVe/aE . ¥,
T XJEH

1.2.4 L0 M) S e A M Ak 22 RSl . 4 Bl oy 2 42
Bl T 6 FLA, 4% 2 T8 I O I e (A I
15 min), PBS ¥k 3 ¥, 0.2% TritonX-100 i iE
HIEAL 5 min, PBS Pt 3 K, T Ik & Ak 42 i B
WEREIRIFE 10 min,  LAFHWT P95 S AL 0 1)
WEPE. PBS UE 3 K, TN 50wl IE AR e S i
W, W T E 10 min. 20, 400N
50 !l M-CSF —$i(1 : 200) T &+ 4C 1 H LR,
PBS ¥k 3 I, BEALIE N 50 wl A=Y brid 5t
/N IgG —4t, 37CHFE 1h, PBS YL 3 X,

T 50wl B 8 L R Y DAB %W, WA R W 8%
10 min.  FRAKMEE, HRAREEYL, ARKMPER
W, ZFECRENAK, —HIAEH, R
B
1.2.5 AN ). BERE T A, WA
HUrE, VT 0 PRI A N 24 FLEG IR, LA
1 R (B 24 h) A ] BB R 3 FL 410 B ik 1 i A0 e 46 1
e, BUMH, ESEVHEL T AW AL 8 K. %
oo A s R =
£ L IN ] — 4RI )
log,[Z% 1AM Ok B2 / L AR 40 AR FE ]
1.2.6 MTT . JHEEGH AL TEE0a i, 85 4 Bk
FEREFL 180 wl Fff N\ 96 FLIFFRIL, B537 44 h 5 in
A 20 pl MTT (5 g/L) k815 7% 4 h, 2 B3GR I
200 pl DMSO #2%; 10 min J& 5 F B bR AR I, B
570 nm AL I EIRIBRL(A VAR 40 s ).
1.2.7 R OSCSERZ AT RN 40 M3 5 S 0. 1 40 i
WL N 5x10* A /ml 2280 96 FLESFEM, AE4L 180 pl,
R R (% R A& 1) 57 GCGCCCC-
GCGCGGTCAT 3’ K BEHL v Bow W (1% 1 1R B AX
& 1) # %) 5 CGCACGCCTGCTGCTCG 3', M
RPMI1640 K5 72 3% fif, LA 1. 3. 5. 7. 9 nmol/L
RSUHERTFRIMA A R 770, K598 44 h, WA
20 wl MTT (5 g/L) 4k 245 9% 4 h, £ LR IIA
200 wl DMSO, ¥ 10 min J& {3 F A ARSI 45
41 550 nm AR ERIEQA), R TR
1 1l Z& (Inhibitory rate) vh 5 2 X ok HHHIZ /%=
(A Control — AASODN)Xloo%

A Control

1.2.8 RT-PCR # ¥ 41 Jitg J& 39 4H O¢ 22 1 1Y) mRNA
Tk, WiETHrs, PEEAN M RNA, G cDNA
Rk AU OCE F 1) cyclinE L
5" ATCCCCACACCTGACAAAGAAG 3', | iif
5" CCTGAACAAGCTCCATCTGTCA 3'; cyclinD1,
¥ 5 GAGGAACAGAAGTGCGAGG 3', Fif
5" TCTGGAGAGGAAGCGTGT G 3'; cyclinD2, |
Wi 5 GGAACAGAAGTGCGAAGAAG 3', K
5" GGAGTTGTCGGTGTAAATGC 3'; cyclinD3, |
Wt 5 ATGCTGGCTTACTGGATGC 3’ , F
5" CAATCACAGCAGCCAGGTC 3'; CDK2, L3t
5"  GCTTTCTGCCATTCTCATCG 3’ , | it
5" GTCCCCAGAGTCCGAAAGAT 3’; CDK4, [-Jif
5" ATTGGTGTCGGTGCCTATGG 3’ , | it
5" ACGGGTGTAAGTGCCATCTG 3'; CDK6, L-Jif
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5" CACCTGGAGACCTTCGAGCAC 3’ , K
5" TTATTTGTCCGCTGCTGGTCAC 3'. L LR
I Bl A AR AR G RNV 4
94°C THAZYE 5 min, 94°C APk 30's, 60°CIEK 30,
72°C $EAH 1 min, V25 NMEH, g 72°C GEA
10 min, B b e vk 04T

1.2.9 GEil A H. SR EHE R H (v x)Fon, 4l
i) B3R 7 22 90 W S o K25, Hl SPSS12.0 4iit
BAF5E, P<0.05 NG L.

2 & R

2.1 S%IE M-CSF HeLa #Hi R HIE L

A% T 25 3 AR (pCM V/myc/cyto) £ G 41 g Je &
YL HeLa 40 920, M-CSF mRNA % & 1 i fE
pCMV/ myc/cyto-M-CSF % 4L 21 ffd 1) i i v sy Rk
Lb A, B gt 3R F M-CSF [ 2 4 HeLa 4
MUk FORL F £ Neo &M, W1# 1a, b, ¢ Prax, Tl
TR e 1% M-CSF 1] HeLa 40 i 5 [ 2257

(a) bp 12 3 4

M-CSF 1400—
GAPDH 697 — [
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Fig. 1 M-CSF mRNA and protein expression in HeLa
cells by RT-PCR, Western blot and immunocytochemistry
(a) The mRNA expression of M-CSF in HeLa cells was detected by
RT-PCR, the length of GAPDH gene is 697 bp and that of M-CSF is
1 400 bp, which corresponds with the size of the extracellular region of
M-CSF. [: Untransfected HeLa cells; 2: pCMV/myc/cyto-transfected
HeLa cells; 3: pCMV/myc/cyto-M-CSF-transfected HeLa cells; 4: 1 000 bp
DNA marker. (b) The protein expression of M-CSF in HeLa cells was
confirmed by Western blot, M-CSF is 56 ku while -actin as a normalizing
control is 42 ku. I: Untransfected HeLa cells; 2: pCMV/myc/cyto-
transfected HeLa cells; 3: pCMV/myc/cyto-M-CSF-transfected HeLa
cells. (¢) Immunocytochemistry was used to further confirm the protein
expression and localization of M-CSF in HeLa cells. Only M-CSF-
transfected HeLa cells were expressed M-CSF protein at a high level in
the cytoplasm (200 x ). (i) Untransfected HeLa cells; (ii)) pCMV/myc/
cyto-transfected HeLa cells; (iii) pCMV/myc/cyto-M-CSF-transfected

Hela cells.

2.2 [k M-CSF 45%2 HeLa B {S 18T 8]

B Y M-CSF ] HeLa Z0 Jf 41 (¥ 5 48 1 (7]
(HeLa-M, (2.26 +0.05)KX) % HeLa A #% 4L 41 g 41
(HeLa, (2.88 +0.12)K)A1#E 4L 73 JFrkiff) HeLa 41 Y
41 (HeLa-C, (2.81 +0.18) K )] & 45 % (P < 0.05,
£ 1), SRR Y M-CSF (1) HeLa 41 Jfd {1 3
B fie ) 0 S .

Table 1 Effect of M-CSF on doubling time of HeLa cells

t/d HeLa HeLa-C HeLa-M

1 10 000 + 6 10000 + 8 10000 + 8

7 42500 + 12 43800 + 15 63 000 + 24
Doubling time 2.88 + 0.12 2.81+0.18 2.26 +0.05

The M-CSF-transfected Hela cells had shorter doubling time
(2.26 £0.05) d than either pCMV/cyto/myc-transfected HeLa cells
(2.81+0.18) d or untransfected HeLa cells (2.88 +0.12) d (n=3, *P <
0.05 ps the other two groups). HeLa: Untransfected HeLa cells;
HeLa-C: pCMV/myc/ cyto-transfected HeLa cells; HeLa-M: pCMV/
myc/cyto-M-CSF-transfected HeLa cells. (x + s )

2.3 [fJit M-CSF {21 HeLa fE1455

MTT & 050 45 R W, % 4« M-CSF [
HeLa 4 Jitd 84 4 G877 % 25 T PR Moo) e 4t (& 2,
P<0.05).

Cell viability(4 s,,)

4 5 6 7

Incipient cell concentration/(10*ml™)

Fig. 2 Effect of M-CSF on viability of HeLa
cells by MTT assay

The M-CSF-transfected HeLa cells had more significantly augmented
reproductive activity than either pPCMV/cyto/myc-transfected HeLa cells
or untransfected HeLa cells (n=3, **P < 0.05 vs the other two groups).
HeLa: Untransfected HeLa cells; HeLa-C: pCMV/myc/cyto-transfected
HeLa cells; HeLa-M: tpCMV/myc/cyto-M-CSF-transfected HeLa cells.
M : HelLa; [J: HeLa-C; [0 : HeLa-M.
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2.4 M-CSF #5714 R X EZFEL N HeLaZl i
1#E

b T B s G M-CSF ] HeLa 41 fito 4 5 fig
[F1451 5 M-CSF KIX[MX &K, H M-CSF R
RSUCEERZATIR AL B0 I, 45 7. M-CSF 1%
S e SO IR e 40 %% 4% M-CSF 1] HeLa 4
NG5, HANT 2B A B SCTEA% T BRI FE 1R 3 w1
R, PN R e e RN e JIURLIK) HeLa 40 ) 52
/N 3, P<0.05).

2.5 BEJR M-CSF *#Ra B #1#H X & 82 mRNA &
ey 0pA )

ARSI T 40 A G AR DG kAT
3T, HiHEW: HeLa-M ZAJfd cyclinD1. cyclinD3
HI CDK2. CDK6 )& IA ¥ i 3 i 1% U2 40 i
(P<0.05, K 4), 1M cyclinD2. cyclin E A1 CDK4 [f]
FIREHYWEZE(P>0.05, Kl 4).

@ m 71 2 3 1 23 1 2 3
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Fig. 3 Effect of M-CSF-specific antisense oligonucleoside
on viability of pCMV/myc/cyto-M-CSF-transfected
HeLa cells
M-CSEF-specific antisense oligonucleotides significantly inhibited the
proliferation of the M-CSF-transfected cells in a concentration-dependent
manner (n=3, **P < 0.05 ys the other two groups), but had little effect on
the other two groups. HeLa: Untransfected HeLa cells; HeLa-C: pCMV/
myc/cyto-transfected HeLa cells; HeLa-M: pCMV/myc/cyto-M-CSF-

transfected HeLa cells. #—e: HeLa; m—m: HeLa-C; A—A: HeLa-M.

12 3 1 2 3 1 2 3

——---:nﬁw 697 bp
-— o

CDK2

CDK4 CDK6

Fig. 4 Effect of M-CSF on the mRNA expression of cell cycle related protein in HeLa cells
(a) Detected by RT-PCR, M-CSF up-regulated the mRNA expression of cyclinD1, cyclinD3, CDK2 and CDK6, but had little effect on the mRNA
expression of cyclinD2, cyclin E and CDK4. M: 1 000 bp DNA marker; /: HeLa, Untransfected HeLa cells; 2: HeLa-C, pCMV/myc/cyto-transfected
HelLa cells; 3: HeLa-M, pCMV/myc/cyto-M-CSF-transfected HeLa cells. (b) Quantification of the expression levels of the RT-PCR results presented in
(a) (n=3, **P < 0.05 ps the other two groups, *P > 0.05 ys the other two groups). /: CyclinE; 2: CyclinD1; 3: CyclinD3; 4: CyclinD2; 5: CDK2; 6:

CDK4; 7: CDK6. W: HeLa; [J: HeLa-C; [0: HeLa-M.

3 it it

I A4 B % 3 8 IR 1~ (M-CSF) 2 4 A5 5 1A
5 0 4% 16— AN BB AR . AT SCERIRE e 7
VF 22 35 e 98 40 it B0 T IR 23 WA 2L M-CSF 11 5325
ik, 4 M-CSF H HLAE T i e 40 i Jfa 5 f i A%
I, TS IR 4l fis 2h AR 28 e oo, B
TEA R, HHLHIAE.

IS5 M-CSF £ i1 40 i & A R g il

HER, AREARE T pCMV/myc/cyto-M-CSF
Bk, MBEAE T A A M A, WAl
M-CSF s il P e A7 T4 B s b, HAE AT
B AA T M-CSF 7> 1 L4 B2k N S 32 D
FERRFR LA ) A5 Sk, AR IA 1) M-CSF
ATy Z M AMERAE 5531, HHIER R PR
IS M-CSF 4l it &. & 1X— Bk, KA1KE
pCMV/myc/cyto-M-CSF i idf 5 5 /A% G N1 5 23
J# HeLa 40 /1, G418 Fiiik )7, 343 FHYE e,
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2 RT-PCR. Western blot % 5 % FH 7 5. v [ AN
51 2% 1K M-CSF mRNA, fj H.f¢ @ % 1& M-CSF &
M1, S Ak 2% SEE0 7R M-CSF & 7 TBH M e
B 4 M. X el IR, i H M T P R
R w15 M-CSF, AL vof 4 46 a7 (1 41 i R
AR WS 5 M-CSF AE T 1) 40 g A 25

I Y G B S AT 7 I 52 2 0 DR 3R R R
R, JLr, 4 Y A 1 (cyelin)- 40 i JE 3 A
MR 1 (CDK)- 41 1 J 30 2 1 AR ol 4 1
(CKI) A W /E 1z B R EAE . AR
M BAT AR I R A, 2R IAE G WRRst
INF TR AN TR], T G S 5 20 D 2 4 J) 30 1 O e
AR, A UELERL T G A BRI, hnT LU
A i I LS g I, sEs ik ez, A
M GUS It A st R U HEE, XA E
F9% K cyelinD1/D3/E, CDK2/4/6 Fil CKI Z56-10],
ARSI R FH T A HL L 1) HeLa 40 Jif AL e =%
AR HeLa 40, %Y M-CSF [¥) HeLa 41 Jfi[¥) £
S ) B S A, AR ik, FH M-CSF #§ 5%
PES AR R B S, AT Sl 25 40 3 T R
AP 25 it o S ST A T IR R B 10 184 DK 3
SR, NG M-CSF ) HeLa 41 [ 39 5 55 & in b
e M1t M-CSF KT 25 AL . [) IN A SE 56 38 3«
Jd 5t M-CSF n] 8] & | i HeLa 4f ffl cyclinD1.
cyclinD3 A1 CDK2. CDK6 [f1#ik. Kirma 25157
FUH: MR P S R IA Y M-CSF mERt i G135
SRR OCEE A, Rk B R . RS
SEGHT ISR H . M- CSF [ 8 se e Hi ik & 3k X
SRR AE MBI AT SMMC7721 41 g (1) 1 5
W cyclinDI/E 1R IiEF i ple Bk, H
M-CSF 1) 5 0 [ i AA Je e SCSE SR IR I &
i g 25 i) SMMC7721 20 J g4 sl 4 11
B0 iR cyclinD1/E Al L1 pl6 R IANRRE. iXxut
SR AR 2L

Zi Pk, A 458 M5t M-CSF n]
IL3E A cyclinD1/D3 1 / 8% CDK2/6 ¥, 4 4
PSR ) A S B 1], (R4 3 5

2 % x M
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M-CSF Accelerates The Proliferation of HeLLa Cells by Up-regulating
The Expression of CyclinD1/D3 and CDK2/6

TU Jian"™, WU Hai-Yan"", ZHANG Meng-Xia?, ZHANG Xiao-Hong?, LUO Hong-Mei?,
LONG Zhi-Feng?, WANG Yu-Hua", LEI Xiao-Yong", TANG Sheng-Song" """

("Institute of Pharmacy and Pharmacology, Hunan School of Higher Learning Key Laboratory for Pharmacoproteomics, Hengyang 421001, China;
2 Department of Histology and Embryology, University of South China, Hengyang 421001, China)

Abstract Non-secreted macrophage colony-stimulating factor (M-CSF) plays an important role in genesis and
progression of tumors. To explore the regulation of cytoplasmic M-CSF on the proliferation of HeLa cells,
pCMV/myc/cyto-M-CSF vectors were transfected into HeLa cells. After comfirmed by RT-PCR, Western blot and
immunocytochemistry, the effect of cytoplasmic M-CSF on the proliferation of HeLa cells were analyzed by MTT
and antisense oligonucleotides. The doubling time was counted according to cell growth curves. The mRNA
expression of cyclinE, cyclinD1/2/3, CDK2/4/6 were assayed by RT-PCR. The results from RT-PCR, Western blot
and immunocytochemistry showed that both M-CSF mRNA and protein were expressed at a higher level and
localized to the cytoplasm in M-CSF-transfected HelLa cells, compared with either pCMV/myc/cyto-transfected
HeLa cells or untransfected HeLa cells. M-CSF-transfected HeLa cells had shorter doubling time and more
significantly augmented reproductive activity than either pCMV/myc/cyto-transfected HeLa cells or untransfected
HeLa cells. M-CSF specific antisense oligonucleotides significantly inhibited the proliferation of the
M-CSF-transfected cells, but had little effect on the other two groups. Furthermore, cytoplasmic M-CSF
up-regulated the mRNA expression of cyclinD1, cyclinD3, CDK2 and CDK6(P < 0.05). So it was concluded that
cytoplasmic M-CSF accelerates the proliferation of Hela cells by up-regulating the mRNA expression of
cyclinD1/D3 and CDK2/6.

Key words macrophage colony-stimulating factor (M-CSF), HeLa cells, pCMV/myc/cyto-M-CSF vector, cell
proliferation, cell cycle associated protein
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