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=Abstract=
p21"4" mRNA Expression During HL60 Cell Differentiation

S.I. Sub'?, J.A. Jung', J.W. Cho', M.H. Park’, S.D. Paik!,
W.K. Baek! and M.H. Suh'**

Departments of Microbiology', Institute for Medical Science’ and Institute for Medical
Genetics’, Keimyung University School of Medicine, Taegu, 700-712, Korea
p21%A4*! is the mammalian cyclin-dependent kinase (CDK) inhibitor to be discovered. p21¥ ™
which is found to be induced by p53 mediates growth arrest by inhibiting G1 CDKs. But,
recently p21¥*"! was also found to be induced in senescent and quiescent cells which were low
in p53 level and in p53-deficient growth-arrested tumor cell lines. The present study has been
investigated the effect of differentiation inducing agents on expression of p21%*"' gene and
cyclin genes in p53-mutant HL60 cell lines by using quantitative reverse transcription-
polymerase chain reaction. p21™**' mRNA was increased within 15 minutes during monocytic
and within 6 hours during granulocytic differentiation of HL60 cell lines. Cycloheximide (CHX),
potent protein synthesis inhibitor, alone had no detectable effect on the accumulation of p21¥A™!
mRNA but combination of CHX and TPA (12-O-tetradecanoyl phorbol-13-acetate) for 6 hours
increased levels of p21"*"" mRNA. Actinomycin D (ACT) alone and combination of ACT and
TPA for 6 hours did not increase levels of p21 mRNA. These results indicated that protein
synthesis is not required for the induction of p21¥**' by TPA and p21™*"' appeared to be an
immediate early response gene. In HL60 cells the increased expression of p21%*™ mRNA by
TPA occurred at the transcriptional level and did not result from change in p21%*"' mRNA
stability. We also studied the involvement of cyclins during monocytic differentiation of HL60
cell lines. While levels of cyclin A, B, C and E mRNA were gradualy decreased but
unexpectedly, levels of cyclin D1 remarkably increased after incubation with TPA. These result
showed that monocytic differentiation of HL60 cells by TPA were related with transcriptional
level inactivations of cyclin A, B, C and E, but the mechanismss of increased expression of
- cyclin D1 mRNA during differentiation remains to be elucidate.
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FLRAA ps3el F715L AT FA
o) AAl, DNA o] 387 0 Sl Sol Bl
MEF7]9A 2L apoplosisE 53 A EZ2 9
oA, = e AA sy BolBrhn B
A ilc}“’) p53°l ANEZAE dAste 1AL
p53e] A, Ex p53dl 9 LA FEHE
FRRLE ) BAALZ ol Fold Aoz
Azr=l a3l p53el o3 dEe] fFEHE #
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Mdm2?, IGF-BP3?, Bax’’, @ cyclin G*? So] &
22 At} ol & FAA A=l AMEFA A2
42 od 7138 B3k vehdl=A ¢ dEA
< o} 2 i o] hA] YA R, F T p53d] 9
g wdo] FEEATt: LA p21¥le 2e) A
ZF371e) AL B 71A0) 7Hg & wEA 9
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Xiong 5% 2 Noda ¢ g7 o3 =g
2o 2 2}+7} wild-type p53 activated protein (WAF1),
CDK-interacting protein 1 (CIP1), Z12] i senescent-
derived cell inhibitor (SDI1)Z X 11521t} p53e] 2
g MEZFHGA 7| AL 53] AEe] DNAo] &
o] A7|W p53e] o] & A she] p21™iTie)
& FE8lq o] o] Atz LA Ut
27 Hdo] §x8 p21V*.2 retinoblastoma T
22 (pRb)e] <l4tslel] ]l cyclin-dependent
kinase (CDK)2] 84S A5t MEFA A
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E_/] Z}_q O] 9—‘]}“ H D}_9, 13, 18) p21WAF1-4 _zr 7] o
& ol AFE DKl BA A B ohfe}
DNAE-A| o] %_8.15} DNA polymerase d2] 2 %9]
A}Q1 PCNA (proliferating cell nuclear antigen)$} 2
3tete] DNAEA & A ste ZHgx 74T,
23] slE MEE GIAEF7|0 g
2 led Axe GIAEF7|9 HA < pRb
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FEste] AE7 GIAEF7 ) HEAT A
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L HZej % MZEsRT

R EF SN BFELE A AEFA
R NEF HLOANEF)E E A AHS
Ak A Ee) %S 10% fetal bovine serum, glu-
tamine 2 HEPES7} &+-8¥ RPMI16404] kel &
o] &35} 5% CO; 2 A4 36=3ko) A ] akshd
A ARt A e Al trypan blue dye ex-
clusioniP 0.2 A ZHEES st A= A
X7} 6 X 107/ml H £ dhod wjFsta #3}
FE UG, HLON £39] R geEd =R
422 DMSO (dimethylsulfoxide, Sigma Chem-
ical Co, USA) ¥ TPA (12-O-tetradecanoyl phorbol-
13-acetate, Sigma Chemical Co, USAYE 2}2} 1.25%
9 32 1M FEZ AMEst 38 frESHTh
TPAR E3} §%3l= 4%l 1% Nobel agar
(Difco Co)& uietol] Al o] 2 M XML&
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4719 &3t 529 —4 3 B EE &
A7) Y3t EIHE A 2 fFEF AXE
Wright staing 3o} &R o, NBT (nitro
blue tetrazolium, Sigma Chemical Co, USA) reduc-
tion assay*® 2 non-specific esterasedt H £ & &
7 514 TH). NBT reduction assay¥= A} £ W %<4 (1
X 10% 0.1mlE 3l A& h-& 0.1mio
NBT/TPA stock solution® & {3l A4 37%¢

ol A 2087 & t}-& cytospin (Shandon Scientific
Limited, USA)S ©] &35} cytospin slideo]] =+

A7l & 0.5% safranin O tl G sla] Hn|73
3lol| A] T3t o). Non-specific esteraseAHA A &=
£ Sigma Chemical3]ALS] kitE o] &3l =% 3}
Stk obee TPAZ ol&ad ReGEaRE 2
Lole MEL] MENEE flaskF2Her FA
st g o

3. RNA 22|

alr

X
(=]

ChomCZ)’nSki 57 9 Mg i £
RNAZ E#)etH ). A EE guanidivm-thiocyanate
(GT) buffer (4M guanidium thiocyanate, 25mM so-
dium citrate, 0.5% sarcosyl, 0.1M 2-mercaptoethanol,
0.33% antifoam A emulsion (Sigma Chemicals), pH
7.002 -£38A)7] t©}3 water-saturated phenol-
chloroform-isoamylalcohol mixture (24: 24: 1, V: V:
V)z} 2M sodium acetate (pH 5.2)5 ¥ 1. 44 4%
ofl 4 2087t 10,000 pmo. 2 AT F FF A
#atgqt}. 9§74 ice-cold isopropanol= FHF ¥
1 7%t} RNAZ WA 4 RNAS
GT bufferd] =9 o5 2513}]94 ice-cold ethanol-&-
Yo} RNAZ A 933k T 70% ethanol= A& &
3L SpeedVac (Savant Instrument Inc)& o] £-3}<]
938 3 DEPC (diethylpyrocarbonate)-treated water
o o] spectrometer® 260nmo Al RNAS =S
Z3stn 43t 20294 BdataA 259 ol
o AHEEHATH.

1) ATAL SHUELE 0|5 cDNAEHY

E2l® RNA 2uge oligo-dT (16mer)S A}-&3}
of 40pl &30 2 IHA}L (reverse transcription,
RDE Algatyet. v+-3EFAe] =L RNA

2ug, 5mM MgCh, 50mM KCl, 10mM Tris-HCl
(H 83), ImM dATP, ImM dTTP, 1mM dCTP,
1mM dGTP, 1 U/ul RNase inhibitor (Perkin-Elmer
Corporation), 2.5 U/ul MuLV reverse transcriptase
(Perkin-Elmer Corporation), 2.5 uM oligo-dT=, ¥t
€ 21L& =AM 143, =X SE, 28
I 5Eo A 5202 Y}

2) mRNAS| Ht™ EMZ 95 SEHE A2
ey

Z3ta A Huke (PCR)E 5ule] 10X reaction
buffer (15 mM MgClL, 100mM Tris-HCt pH 8.3,
500mM KCI)¢} 10mM dATP, dTTP, dCTP, dGTP,
0.25uCi9) a-P dCTP 18] 1L 20mM sense 2 an-
tisense primerE 2}Z} 1WE 28 mixtures]] 0.5u1
o] ¥F8-A]7] c¢DNA reaction mixture®} 2.5 unit9]
Taq polymerase (Perkin Elmer corporation)& 2-&
F ZHTE S0 &3S 31 30ule] min-
eral oil-g £33+ t]2 DNA thermal cycler (Perkin
Elmer corporation)E A}-&-3}e] PCRE A3 3}S]
o} 2 Ao A& GAPDHS] primerd 7|4 &
2 5'CGTCTTCACCACCATGGAGA3' =#
5'CGGCCATCACGCCACAGTTT3'e) 1y p21%~e)
d 7192 SCGGGATCCGGCGCCATGTCAGA-
ACCGGC3' 2 5'CGGGAATTCGTGGGCGGAT-
TAGGGCTTCC3Z AR At AL&atgloh.
PCRZZAL 95 A 30%, 60x] A 30%, %
A 30%E ¥ er, GAPDH #3A FE&
AN E 24 cycle 2T p21MIRAA FES
28l & 26 cycleS Al @&ttt Cyclin A, B, C,
D1 2 E¢] primere] 9714 ¥9-€ Lucibello 50
ofe} gAAAs ALE sgen PCRE %
253] AA1etd

3) XM7|Y =, autoradiography % densitometry
analysis

ZZg PCR A& 10ulZ 5% polyacrylamide
gel o) A7|FE3 T x-ray filmol] 15A17F 2+33
Al & @Astdn. @49 filme] bande GS
365 scanning densitometer (Hoefer Scientific In-
struments) 2 gel documentation system (Bio-Rad
Laboratories)Z A}-&3}le] density® &% stG o}
Autoradiography’t VHebd p21%AF ) density S 2zt
Zte] GAPDHSE) density2 Y50 relative index
RDE F3tA -
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5. Western blot & 4{

1 x RIPA buffer (10 mM Tris [pH 7.5], 0.2%
sodium deoxycholate, 0.2% tritonX-100, 0.2 mM so-
dium pyrophosphate, 0.2% SDS, 2 mM phenyl-
methylsulfonyl fluoride, 1 pg/ml aprotinin)E ©] &
st AEZRE DAL Bt 150 pg
o 9 AS 7 =¥ 12.5%2] SDS-polyacrylamide
gelodl A H719F& o+ MilliporeZ] AHA| F<
immobilon-P transfer membrane® 2 Zo|s}Hth
(Sambrook et al., 1989). ¥ ¥ amidoblack® 2
G35t size markerE FA)Stm YFof Bk
blotto&% (5% non-fatty dry milk, 20 mM Tris
[pH 7.5], 137 mM NaCl, 0.05% tween 20)°]] = t}
2 Pharmingen®] A}2] p21%*™ polyclonal Abe} 24|
7t F<QF WkE-A]7] & peroxidase-linked secondary
AbSt 1A]7E W A7l T Amersham)A}e]
Enhanced chemiluminescence kitS o] &3l #AZ&

s

2 o

HL60A| 9] E3lo] m& p21V4 4 14;(}_,] 1}
d FFE gotBr] A5t TPAXEF 2, 6, &
12417t %o RNAE #37] 3l RT- PCR—°— A) 3 &k
A3 gxroM e p219 FEE & 31210
U TPAA 2] Foll M & p21¥*Fle] Bl g 2 4 gl
AT HL-604 £} o] p53fAzte] &4
Hol 7} & K5624] £Fo| A = TPAA g F o

Fig. 1. Effects of TPA on p21WAFI gene ex-
pression in HL60 and K562 cells. Cells were treat-
ed with TPA for the indicated times. Total RNA(1
ug) was reverse transcribed into cDNA by using oli-
go-dT (16 mer). PCR was carried out 35 cycles. S
represents molecular size marker.

p21" G A Ao LR FIHE L B £ 9o
p21Y R Azt e] o] ps3fAAGE EYAH
o2 Wdo] o]Ro] AL A4 AU (Fig 1).
RT-PCRS o] &3 p21¥* g7 =} wtdd o] 2 =
T4 < 93 PCRY HH cycle & 24 RNAF
EE ¥oliy] $ste] TPAXME 6A17R e HL
604 ZF=2 RNA-g £2)3} oligo-dT (16mer)=
GAALA|Z] 3 PCRY cycled 18] 1 total RNA
F& 2elste] PCRE AAISATh A3 3 PCR
cycletE ZA3l7] 95t total RNAZ-S 50ng
©2 3to] 18 - 32 cycle®] PCRS AA| & Az}
(Fig. 2), p21™A*1.2 24 - 28 cycle 12] 31 GAPDH
£ 20 - 28 cycle Ato] oA AH G FZH|E BA

R 99 g g 40 9® o0 (CYCLES)

p21

GAPDH

25000 1

20000
15000

10000

Densitometric Absorbance Unlt

=
18 20 22 24 26 28 30 32
Number of PCR Cycle

Fig. 2. Correlatlon between the number of PCR
cycles and p21™*" and GAPDH mRNA levels in
TPA-induced HL60 cells. HL60 cells were induced
by TPA for 6 hrs. Total RNA (50ng) was reverse
transcribed into cDNA by using oligo-dT (16 mer).
The PCR cycles examined were from 20 to 30.
PCR products were electrophoresed on 6% po-
lyacrylamide gel and then the gel was subjected to
drying and autoradiographed. The levels of am-
plification were correlated by densitometry.

-458 -

AlEoistin | 1P: 203.247.13.27 | Accessed 2016/01/08 13:38(KST)



S.I Suh, et al: p21¥*" mRNA Expression in HL60 cells

Q
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p21

GAPDH

15000 -
e GAPDH
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Fig. 3. Correlation between the amounts of total
RNAs and the amplified p21"*" and GAPDH
cDNAs. Total RNA was extracted from TPA-treat-
ed (6 hrs) HL60 cells and reverse transcribed using
200, 100, 50, and 25ng of RNA. The resulting
cDNAs were further amplified by PCR (24 cycles
for GAPDH and 26 cycles for p21). PCR products
were electrophoresed on 6% polyacrylamide gel
and then the gel was subjected to drying and au-
toradiographed. The levels of amplification were
correlated by densitometry.

GAPDHE 24 cycle 18 31 p21¥A™.2 26 cycle=2
sto] HL60M £5 E3lo] mpE p21™*" mRNA2
2 FTE got 3kt EAF o A183 RNA
#F (50ng)2 Fig. 3o wet 2ttt Fig 4=
HL60 A| X5 TPAR #3} F=3F RNAS &
2] 3to] A7) A A A& RNAZ (50ng)< o] &3t
o oligo-dTEZ A A}LEd) 26 cycleZ PCRS A A|
& AFolth. TPAS A stA] F2 A EFoA
L p21"A MRNAS] @& o] o}F ulu|dtg ot
TPAE A3 FoME A A|7to] ZA3}dld|
w2}, 5 TPAC o3 £37t =4 A X7t 7t

TPA
P
0 O o ©¥q> 2 (HOURS)

p21

GAPDH

2.0

Relative Index

Time

Fig. 4. Increased p21WAlrl mRNA expression in
TPA-treated HL60 cells. HL60 cells were treated
with TPA for the indicated times. Total RNA (50ng)
was reverse transcribed into cDNA by using oligo-
dT (16 mer). PCR was carried out 24 cycles for
GAPDH and 26 cycles for p21w'm. PCR products
were electrophoresed on 6% polyacrylamide gel
and then the gel was subjected to drying and au-
toradiographed. The levels of amplification were
correlated by densitometry. Relative Index is de-
fined arbitrarily the ratio of the densities p21"*"/
GAPDH.

TPA

0 025 05 6 12 24 48 72 (HOURS)
p21 e -

Fig. 5. Expression of p21wAFl protein in TPA-
treated HL60 cells. One hundred microgram quan-
tities of total protein were electrophoresed through a
denaturing 15% polyactylamide gel and electroblotted
onto immobilon-P transfer membrane. The mem-
brane was incubated with anti-pZIWA‘F' antibody
and then incubated with appropriate secondary an-
tibody, the binding of which was detected by
enhanced chemiluminescence.
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DMSO
0 6 12 24 48 72 (HOURS)

p21

b

Relative Index

Control  6hr  12hr 24 hr 48 hr 72 hr

Time
WAF1

Fig. 6. Increased p21 mRNA expression in
DMSO-treated HL60 cells. HL60 cells were treated
with DMSO for the indicated times. Total RNA
(50ng) was reverse transcribed into cDNA by using
oligo-dT (16 mer). PCR was carried out 24 cycles
for GAPDH and 26 cycles for p21V**'. PCR pro-
ducts were electrophoresed on 6% polyacrylamide
gel and then the gel was subjected to drying and au-
toradiographed. The levels of amplification were
correlated by densitometry. Relative Index is de-
fined arbitrarily the ratio of the densities pZIWAFl/
GAPDH.

gl whal p21™** mRNAS] W& o] F7ld S &
& USATE 53] TPAA 2] F 48A3HR] L& o] 7}
F Fol p21™Me] dulddAw wwmad A
TPAA 2] F 6177 ¥ p21VAF dhulo] 1
o] FEEHULY 24ANA I & LES
Hoj p21™7 mRNAS & 3} Gl of = 2frhe)
Al Zkzo]l 2 JERNQITE. Fig. 6= DMSO=Z 23}
f=g Fo] RT-PCRY ZA#<1d] DMSOA 2] ¥
6217kl 4] 48A13F Abol o A& p21™*" mRNAS]
o) F7lete FAE B oy 72412 A
Tl A& 48A13F Aol HlE] oha Ldo] 2
43} t}. Fig. 72 TPA, cycloheximide (CHX), %
actinomycin D (ACT)Z ©= T H3sta] 64]
7+ 2% ¥ RT-PCRE ZAFRld TPAGYSE B

o & &
o N v\o v\v
©

& QX LR

Fig. 7. Effects of cycloheximide (CHX) and ac-
tinomycin D (ACT) on p21%*"' mRNA levels in
HL60 cells. Cells were treated with TPA in the ab-
sense or presence of Sug/ml CHX and 5Spg/ml
ACT. The PCR products were resolved on 1%
agarose gel, stained with ethidium bromide, and
visualized under UV light. S represents molecular
size marker.

TPA/CHX & A 2] ZollA p21Y4" mRNAS]
He gz B3 ZrtEdoy ACTHSE 2
ACT/TPAHZ A g TollAe p21™ mRNA9
TS Ao B 4 gl Cyclin A, B, C, D1 &
Eo] & 2 AW B W cyclin A, B, C 2 Ex= TPA
A2 X A|zte] A= ddo] gasteE FA
£ B on cyclin D19 28 Frtete ¢4
= Bt} (Fig. 8).

an

et

2

£ Ao AHE-g primer7} % £3] GAPDH,
p21™A" & cyclin (A, B, C, D1 2 E) mRNAZ &
Zg £ YA S Lol r] 9ete] HL6OM X 2
TPAZ 6A1ZF H3} /X3 HL6OAXZ HH
RNAZ 2] 35te] RT-PCRE A A|e & pGEM-T
vector (Promega Co.)Z2 cloningg 3}t ©]
plasmidE 2|5t} G714 8-S A1 F Gene-
Bank % 7% (Hitachi Co.)& ©]-&3}o homol-
ogy® A& AAIG A3 GrIMEe] FL3A &
Aol AH-8-3 primerE ©] &1 % &3 GAPDH,
p21V4 @ cyclin mRNAS ZZ % 5 9122 &
M=

A A Lo Qo] G1, S, G2 L M A EZF7]
£ 53 329 g 71Ade g8 Rio] &uA
Aot A ZI7F A EF7IE dlolud AT H]
32 U E FAS e 1AL obf & 2 A 3
A gk N EF7)9] 2H & CDKE 34 e
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TPA

S 0 Pr 1 6 2> s ¥ (HOURS)

CYCLIN A

e e e e s e e w we we | —510bp

-402bp

-638bp

GAPDH

e e _ 300bp

Fig. 8. Effects of TPA on cyclin A, B, C, D1,
and E gene expression in HL60 cells. Cell were
treated with TPA for the idicated times. Total
RNAs (50ng) was reverse transcribed into cDNA
by using oligo-dT (16 mer). PCR was carried out 26
cycles for cyclin genes and 24 cycles for GAPDH.
The PCR products were resolved on 1% agarose
gel, stained with ethidium bromide, and visualized
under UV light. S represents molecular size marker.

a0 G o3 o] Fox %), uhek
GIAZF7]9 #olslE CDKIF A 3IEH A
EE SAHEFIZ olgigm F2A31A H, ut
2 CDK7} H| &3l d A EE o o £
kA @3 G1 =& GO EF7]d] &4 =t
2o CDKe| &4& %x43sl= CDK Inhibitor
(CDKDEo] &A= A E7} ool 25
W3t o R A FTAo) 2AHEX Y i A)

= ol E =Z5HA HAoh WA xE A

F 79 CDKIE 7t &, o] F shie p21™™
familyZA] p21VA" p27*2 2 p57 EM0] oty A
lem, 2 s} INK4 (Inhibitor of CDK4)
familyZA] p15, p16, p18 = p19 So| L34 9]
g2, olg F p2IVe A E o] DNAEARA]
P53 Aol o8 HAL R o] CDKE 94
Fo A MEE Gl AZEF7]0) HEA sty
Tl dthn G A FA T H 2o p21V g A
€ pS33 FHe ddESE 9lgo] Bada
AP 2E0 BAZNME ps3gAAd SA
Hol7b glE HL-60 % K5624] Eol| A p21™AFej
80| R=EHE o2 Ho} (Fig 1) pr1¥ig
AR 2] A= pS3H-AAL o] o= o
e BE7F lvhn AZHE . e 3 HL60A X
Fo] E3le] m2 p21™™ Bzt cyclingA A}
£ 98 F=E gol¥ uA} RT-PCRE A5}
%tk RT-PCRE ©]-§3 mRNAS| S 9l
of 2] 7kA] Wgo] mctEo] glon} FTA BaA
de o= B2 A3 dotn <A Ut
11,16, 35, 41, 43,47) E3] PCRO) cycles 7t 2718 o)
mt2t PCRAME Q] & cycled| wha} H]#) 3l
S7FHA R HAIZE Stk a2 B AP =
p21™ g Hte] ¥ FEE RT-PCRYYo =
B FH o2 24357] 95t WA RNAE S|
w2 PCRE| cycled¢ PCRAIE 3} o) BAZ &
o} 1 gk}, 25ngof| 4] 200nge] £2] 3} total RNAZ
oligo-dTZ HHA} A]71 ¥ PCRE A& A7}
(Fig. 2 2 3), RNA¥ =+ GAPDHS] 7 $-o|x =
25~100ngAtel ol Al 28] p21%AFle] 73 9-o) A
€ 25~50ngAtolel A AF G F71e] H|E By
t}. 18] 31 PCRE| cycles== GAPDH2| 7 $-o] A]
£ 20 - 28 cycle, 18] 3 p21VAF o] 7 20 A &= 24
- 28 cycled| X A3 F7te] v S Ho, B A
o4& RNAZS 50nge.2 3ta] GAPDHE 24
a2z p21Fe 26 cycleZ 3la] PCRS Al A| 5}
Aot 223 cyclin FAAFS] W& LS Lucibello
0] A el et Adstgo

TPA 3 DMSOE A 2] & A § x| Azte] 2
FE p21Vlo] wdo] Zrlsl: AYL By
p21™*e) Mg o A L E 3}e} s WA B
7} Atz ALE 55 TPA 2 DMSO7} p21%AFie)
FEdE A FEdeR, T E3d g2 v
g S7HIAC daA d7d .t Yok
p21™7e) W o] ps3zt R @A FEE U0
2 TPAJ} protein kinase C (PKC)S 4] 3}s}
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3, @A438td PKCrt mx| 9] AEADAAE A
Fata], 2 A7 p21¥4e) B o] Z1H A A
o2 yZtEd. TPAE | &3t ddF= £3}
= A TPAANE F 15EEY $do] %
=} er (Fig 4), TPA/CHXA 2] oM = 2& o
F7tHe Aoz Hol TPAX e w& p21™"e]
B3 Frle AL 9y FHE 2 7EdA
g Z7S fAxz Addd. aHE=
HL60A) o] 3lo)A TPAA o] wr& p21™*Fe)
W Z71= HALSGF (transcriptional level)el] 4] 9]
FHol F935ttx AlRdd. 281 CHXEE
Azl Me p1ViTe) Wdol njetetA T F
7}7} B3 (Fig. 6)5©] CHX7} p21VA7e] &
superinductiondl= R 0.2 ALRHET}. ]9 ] B
ACT 2 TPA/ACTH 8l 2 & L& o] =5
%S Ao 7 Hol TPAA e g p21VA"e)
He] 71 mRNAS] kA 9] Wsle] b2 A
o] ol gtz AR HETH

G1 cycline = &3 cyclin C, D1 % E&
CDK2, 4, == 69} 37 pRBE <14k3}A1# pRB
9 AZFAFA 715E& A3 GIAZF7)
o] NEE SHEFIIZ oYL 3t oo
"q}\i]-”). Matsushime £39& colony stimulating fac-
tor 1 (CSF-1)Z& | A3t] A EE GINZEF7] =
7ol AAAZ Bl A= cyclin D19] & o]
ZHAE o] gloy CSF-18 H718lH GlolA SA)
EF7IZ olgHr] AAo wde FUt #F
HASS Budyn, £3 Lew 59 w2
cyclin EX GIAMEF7] Fyte]] do] Frls =
Aoz Hol TPAd ]3] #3F f- =¥ HL6OM X
F A e Gl cycling] #&o] 7H4E Aoz A
L& 4 9ok B AFolA & cyclin A, B, CH E
£ TPAAE ¥ tiid Z713lthr} 24A13HR] HH
ZHaste 4E B9 wdo] cyclin D12 A&
Z71te FHAE E9Y (Fig 6). AE E31A
cyclin C9] ¥ 3ldl] disiM & ofa 2 dalA YA
ol o2 At Moo & o2 A
Zrhch. SHEF7] 9 MA| 237 29] oj3hd] &
W3t cyclin ASF Be] HaE oA 4 glont
cyclin D18] 28 Srbe ofE Z]dd oA ¢
olteA A9str|zl olf o oprt: p21VATe)
9}3} cyclin D1-CDK29} 7]%°] JA|H o] ofd
W& BAAE2 2 cyclin D10o] F7HE vha A
Ztgch. 28]m Akiyama ST TPAS & &
HL60A| ol A cyclin D12] &d Z7[E R 1

o] cyclin D1 mRNAS] 28 Z7}71 A X Z2] 9
HEA] Gag A2 old Aoz Bagl glo,
A) E3-3}k9} cyclin D1zke] BAE oz Wi
of & R¥o] & Ao Yztdc}
2 B
M EF71e] 232 CDK (cyclin dependent ki-
nase) LA U= Ao Ao & o] F o
Aed, H2 CDKel 4§ xdd= CDKI
(CDK inhibitor)E-2] 272 A X7} o 929 4l
Zof gkgte] g A F2lo] 2AHEA ) Ul
& A2 ol E =E3HA HAUth o]E CDKI
% p21¥ATe Xl Xeo] DNAEAA] p53RA At
o8 AAE fFrEHO CDKE dAgozA A
XE GLAEF7|o] v EA e Aoz geiA
FAT, H2o p21VHAAe] W o] ps3
FasA 288 = dge) EuHn I &
AT E pS3EAo] MXFQ] HLOH EFZ *
AT L T2 B3 feshda p21Ve)
do] QA =AM, p537 F@3HA HEo
o]Fojd # JeA, g EIHEd O
p21¥4" B Z+E cyclinEo] W] ojuj g W3
7} QA E dAA-ZHEAAH S (RT-PCR)
= o] &3t ZASIR T pS3H-AAe] EA
7} 9l HL60 B K5624) X 39 TPA (phorbol 12-
myristate 13-acetate) 2 ] 2] dto] N EEZZ F

g A3 gxTdME p21™ 2dE B F
Ao TPAX ] Zoll A& p21VA7e] 23 & B
F AT B = G p21MfA R 1E

9] A% TPA T DMSOE A& FolAE A
2 A zke] Aapgtel] wat p21VATe] WE o) Z7t
5] p21VAlgAdzte] 2A L ps3RAAY =Y
FHozx o] ojFo] A F U< ¢ 4 UA
on, p21"Afo] W e Halol U AAS
T3 AL H AT TPAM B 3 158 2E p21Vie)
dgo] F=EH A TPA/CHX (cycloheximide)]
oM e ddo] FrlHEle Ao Hel TPA
Aol ma p21™Fe] B o Frle Az @
o) §4E& 9 7skA] Fe ZVINg FHAR
Ayl E3 actinomycin D (ACT) 2 TPA/
ACTA | Zo e p21™e] o] REHZA
e Aoz Hol TPAX & o] wpg p21¥AMe) ut
o] Z7lE p21VAF mRNAS] <A o] ¥zt
o2 Ao] ohdl: AL T 28] B2 HL60A]
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