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=Abstract=

Expression of Rb Protein and Cell Cycle Control Genes
During HL60 Cell Differentiation

Jae-We Cho', Won-Ki Baek', Seong-Il Suh!, Jong-Wook Park’ and Min-Ho Suh'

Departments of Microbiology’ and Immunology’, Keimyung University
School of Medicine, Taegu, Korea

Differentiation will be divided into three general steps: cell cycle exit, apoptosis protection,
and tissue-specific gene expression. The role of cell cycle control genes in the process of cell
cycle exit is a largely unresolved issue. HL60 cells, a promyelocytic leukemia cell line, were
differentiated into macrophage-like cells by 12-O-tetradecanoylphorbol-13-acetate (TPA). During
TPA-induced HL60 cell differentiation, the expression patterns of the cell cycle control genes
were investigated. The expression of hypophosphorylated Rb protein was remarkably increased
compared with the control. Cyclin E and A proteins were dramatically decreased and cyclin-
dependent kinase (CDK) 2 and 4 proteins were gradually decreased, but cyclin D1 proteins were
gradually increased during differentiation. The expression of p21¥A*!
TPA treatment and then remarkably up-regulated 2 days after TPA treatment. The expression of
p27%"™! was also remarkably up-regulated 1 day after TPA treatment.

In conclusion, the increased expression of p21™*" and p27*", and the decreased expression
of cyclin E and A may cause the decreased activity of CDKs; and then hypophosphorylated Rb
protein will be increased during the differentiation. The increased hypophosphorylated active Rb
protein will stop the cells in G1 and produce proper conditions for cell cycle exit.

was increased 1 day after
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M = HL60 Al 2= F4AFF 3N EY (acute promyelo-

) E3 A o] BEHHEAE AMESI A5
& AER F3Ae AT B35 #dE &
ARETRH 714 L olFsted =80 B B
otvet Aj2E & AzYPLezAe] 7HeAd = 3o
@A HL60 A EE o] &3 3=y el A+
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cytic leukemia) Ex}2HE FElele] FH @ NxF
24 A7 Baee EA o8 HP7AD
(granulocytic lineage) == TF/AAME AlF (mo-
nocyte/macrophage-like cells)2 £3}% & n| #3519+
A EF0)r}0,
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ZA9 5: HL60 M| X E3}A] Rbe] &

B2+ 12-0-tetradecanoylphorbol-13-acetate (TPA), 1,
25-dihydroxy vitamin D3 (Vitamin D3), retinoic acid,
dimethyl-sulfoxide (DMSO) 50| o', 2315
SA O webd EsieRds o oE EYE
g zA7AAE Zoj7t e Rew Huy
o 315}4’10’19).

GFT 23t fRAEY Fug =24 9
A AEZESE o] FoJAH, I FellME AMEF
71 2L £l AN wi$ T893 1S A}
Agtn g0 A2st 258 g, ALF
7] 2EAREY] 4z & oz HEFI|7} Gl
MERA 258 48250 €0 vy
H 3} F Aol apoptosis protectiono] Yol Ao
2 g8 Q9P AEEA A EF7)9) G1 3
A71Ade AEF7] 2EAA F Rb oy
A (Rb), E2F, cyclin, cyclin-dependent kinase (CDK),
2 CDK inhibitor (CKI) S-0] Zlo] Tojdlg)™?,
AEEs FFF dehdes G AEF7] FA)
o] EAAETR 71AE A5t AL 3l
Z A kY (tissue biogenesis) 74 -& o)}t 7}
A Y B olyel, dd) o 2

AETe B2 A7l FollA A By Ro}
7} H it

o] o= Rb H cyclin A, E, D1 a8l
CKIQl p21%4Fls} p279°! o] A EF7] AR
Eo] AEEIA Gl FA = Boste 71A
< T staxl HL60 A o] TPAE A 2)ste] &
g FEsEA @A QoA ol fAA
£9) 2P L BA}Y

Mz o oYy

1 Mz G Marufet

o] 4l v EBAAEFQ HL6O AT E .

10% fetal bovine serum (FBS), 2 mM glutamine %
HEPES7} 348 RPMI1640 ikl o] -43la
36T, 5% CO; v]<F7) el Al wjFslaA HAHo|
ALgstATh AltEl FA] trypan blue WAl o2
AE YZEEE 43 sa] YEAE7} 6x107/ml 5
& fFA3EA 238 Fr=stdh

2. MzZ2st R

TIH= E42 ¥4 32 nM TPA (Sigma Co,
USA)E HL60 M X (7x10°/ml)o]] ] x]3le] A3k
B3 eslych 281 BI45 ol ERdEe &

-78 -

Fo B3HAE g RPMIN640 vl 10
mlZ oA ke FAo

3. Trypan blue bfA| A&

0.4% trypan blue 50 plof] Aol SO WS Y31 &
33 ¥ hemocytometerol] 251 18- & trypan bluer}
HiAlE W MESFE Ao YEMNESFE AF
Ao, T A8E A2 Ag F 1 FEA
£ Atk

4, Western blot 244

34" MEE lysis buffer (10 mM Tris-
HCI (pH 7.4), 5 mM EDTA, 130 mM NaCl, 1% Tri-
ton X-100)°] 0.2 M phenyl-methyl-sulfonyl-fluoride
9 proteinase inhibitor cocktail (0.02 mM aprotinin, 2
mM leupeptin, 5 mM phenanthroline, 28 mM ben-
zamidine-HC-2 ¥ 1 D &off 3087 & 3 12000
pm, 4T A4 sl FE AL AL F, Biorad
protein assay kit 2 % 2kl t}. 100 ugel vz
& 12% F+= 6.5%2] SDS-polyacrylamide gelel] A
71453 o}, nitrocellulose paper (Millipore Co.,
USA)E o]ty ot A o]¥ membrane- blotto &
o (5% DALS, 20 mM Tris (pH 7.5), 137 mM
NaCl, 0.05% Tween-20)l] 2oy 4CollA 423t &
g} (shaking)3} it} membrane-& 4204 UA}3}
A £ 243} incubation 3 TBS-T buffer (20
mM Tis (pH 7.5), 137 mM NaCl, 0.05% Tween-20)
2 AAsta, oA &9 (A-&)o 1A13¢ incu-
bationdt 3 TBS-T buffer= A} 3} 32 Enhanced
chemilluminescence kit (Amersham Co., USA)
2.2 detectiond} ]t AL-E-F YAFAEL T
3} 2t} (Rb:G3-245, PharMingene Co., USA; cyc-
lin A:sc-239, Santa Cruz Co., USA; cyclin E:sc-247,
Santa Cruz Co., USA; cyclin D1:cc-04, Santa Cruz
Co., USA; CDK2:M2, Santa Cruz Co., USA; CDK
4:¢c-22, Santa Cruz Co., USA; p53:Ab-2, Oncogene
Science Co., USA; p21:WAF1, PharMingene Co.,
USA; p27:KIP1, PharMingene Co., USA).

1}
. 23lo] w2 HL60 MZ2| HE|Z w3}

TPA XX A] HL60 A 9] dejd wals =Y
Hu|g oz 347 AAsH T} (Figure 1). 37+
= 145 o 70%, ¥3H= 2, 3UA oF 90%2
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Figure 1. Morphology of HL60 cells after TPA treatment. HL60 cells were cultured in the absence of TPA
(A) or in the presence of 32 nM TPA for 1, 2 and 3 days (B, C, D, respectively). Photographs were taken aft-
er crystal violet staining (< 100). This experiment was repeated three times.

A ZE7} A Zu)FHA] vietel] BAEEA 2HE
(polygonal)F &l o] T/ AN X AlF = F315 2
T} (Figure 1B, C, D). th5%-¢] HL60 4] £ TPA
AA 3 W2 G/ E AR B3lE S B
T UAAJT

2. TPAZ} HL60 M| = Ad&Etof| o|x|

rr
02

ook

TPAZ} HL60 A E A Ao 1 X]& 4 &2 trypan
blue WjA|H o2 AHEXNEFS AlFsle] 918 H
ok HL60 A X E 371] & =4, &, 10% FBSS
S8k RPMI1640 HjokeR FBS7} $l= RPMIN640

o T

wjorel, 2] 31 10% FBSS} TPA (32 nM)E 3 o

-79 -

&k RPMI1640 ujj Feioll A ztzt 42 B2t wjj kst
AN YEAESFE ASSA T Figure 2). 10% FBS
E A3 Mjgde] Aole AEAQA AFFA
< 37wk, FBS7F A AE Afolle AXe ¥
gd&x71 ¢ 50% A AAES B F U9 o
U TPAS A 2] & 7 -$-ol& FBS7L JLolle 2+
33 A1 e & A 27 A9 S7HA] Fot
A, TPA 2|2 A3 M EEA A EEL 5l
T ZAE E F 3t

o=
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Figure 2. The effect of TPA on HL60 cell prol-
iferation. HL60 cells were seeded at a concentration
of 2.5X10°/ml and then cultured under three dif-
ferent conditions for 4 days; RPMI 1640 medium
containing 10% FBS (—@-) or 0% FBS () or 32
nM TPA (). Viability was determined by trypan
blue dye exclusion test. This experiment was re-

peated three times.

3 4

TPA

3

Days

ppRb
pRb

Figure 3. Western blot analysis of Rb protein in
TPA-treated HL60 cells. HL60 cells were cultured
in the presence of 32 nM TPA for 0, 1, 2 and 3
days. Proteins were extracted at the indicated days
and were subjected to immunoblotting with a mono-
clonal anti-Rb antibody. This experiment was re-
peated three times. pRb: hypophosphorylated Rb;
ppRb: hyperphosphorylated Rb.

3. TPA B3 FTA| MEFT| =

OFAL
oS

e

=g

TPA Rah-5E4] AERA T
Aag AEF7) ZAAAES) B G

7] 918l TPA XA R AA 19, 24, 344 27/
WA E AGR 23te Az Zzte] &y

-80 -

A9 5: HL60 A EF3HA] Rbo| &

TPA

3

Days
Cyclin E

Figure 4. Western blot analysis of cyclin E, cyc-
lin A and CDK2 in TPA-treated HL60 cells. HL60
cells were cultured in the presence of 32 nM TPA
for 0, 1, 2 and 3 days. Proteins were extracted at
the indicated days and were subjected to im-
munoblotting with a monoclonal anti-cyclin E, a
monoclonal anti-cyclin A, and a monoclonal anti-
CDK2 antibody. This experiment was repeated
three times.

L p27mm

3WT 1WA}'1

Figure 5. Western blot analysis of p53™", p2
and p27<%! in TPA-treated HL60 cells. HL60 cells
were cultured in the presence of 32 nM TPA for 0,
1, 2 and 3 days. Proteins were extracted at the in-
dicated days and were subjected to immunoblotting
with a monoclonal anti-p53“", a monoclonal anti-
p21™AFand a monoclonal anti-p27*""" antibody.
This experiment was repeated three times.

=) o
1‘@1'2‘

A& FZ3lo] westemn blot A sta o (Fi-
gure 3, 4, 5, 6). Rb= E3Hfr =zl Haj B3k
29 2 394 A4 Rbe] @A FH IS
B} (Figure 3). Cyclin E, cyclin AE #37% 19
A EE BHo] FaHo] BIFE 2 3dM e T
A4S 2 & g3, K 3= 5¢ A3

=
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TPA

CDK4

Figure 6. Western blot analysis of cyclin D1 and
CDK4 in TPA-treated HL60 cells. HL60 cells were
cultured in the presence of 32 nM TPA for 0, 1, 2
and 3 days. Proteins were extracted at the indicated
days and were subjected to immunoblotting with a
monoclonal anti-cyclin D1 and a polyclonal anti-
CDK4 antibody. This experiment was repeated
three times.

2 wgo] A AT (Figure 4). p21YA"e ps3™
o] 3T 19AFH S7t=7] A 25t
A AASHA SRt o, p27 e BEHh
ARE BASHA @] SUHERA B3
T 3UA7MA adlE A H AT (Figure 5). Cyclin
D12 B3 19478 FAA oz Tdo] S7t
o, CDK4E 3 Bt FAx oz 23
o] s A (Figure 6). 0]/32] A5l F2
£ TPA B354 AZEF7] 24AA 9] 2d &
d& 8. %25t (Figure 7).

]

I

HL60 A& o8 T/ B3 220
& FHFAE T SHUAYAE AEE &
3te =4, 317X 29 vitamin D3, TPA 5ol
M G/ E A2 E3bH o, retino-
ic acid, DMSO 5ol 9jaire HAHFALE &3t
g HL60 Al 27} B3ae B84 =259
B3R AL A xuto EAjsteE 84 < 2
et =i, Holol AFYRE B3y A
Al 2E Az ASAAZ A3H = A
o7 23] YoH?. TPA x| o) 23+ HL60 A =
23A 2 9z 235497 2+ protein kina-
se C (PKC) 248 o8 Az A2 2o},
TPA A XA @438 PKCE A ¥ g 2 2
glo] 83 9L M= cjun, cfos, @ c-myc}

2o Z7)7H A} (early response gene)s2] WS

=

=2

al
=

=871 =

pRb

\

Figure 7. Effects of TPA on the expression of
cell cycle control genes in HL60 cell. pRb: hy-
pophosphorylated Rb.

Cyclin E
Cyclin A \ GOK3
126
~

Ip21, p27

Proper Conditions for
1. G1 Arrest

2. Cell Cycle Exit
3. Differentiation

A3, o]y zr|FHAES TE WIe
AF NEF7|E 4TS v XA dotn LA

ilqé,l3).

o] oA vl ahehA Q1 HL60 Al o
TPAS A x| sta] @/ AA L ADE E3IA]7]
W], Balgd AsAdAA F AZESA Gl
AR o] Zo] BAstE HMEFV] ZAJAE, S
Rb, cyclin A, E, D1 18]3 CKIQl p21™*"3} p
275F1e) Wy S TPt A EE SIS B¥E
NEF7) 229259 24 7|AS og)stnat
At

o] oA HL60 M FEE Collins®]® B 119}
=AU} TPA A x| A] 24A12F ¥ o) F-&2] HL60
A Z7F G/ E ALG =2 Fehe Aot ol e
G/ AAE ADZe P A wgoA s PKC
isoenzymes = sht= &z PKC-8¢f 2] gk vimen-
tin filament®] Q14+s}7} FQatttn 2 A UG

B85 24X 7heto)] A EEGo] T 2
AFQET, o] TPA AR A Al £F7]7} Gl
AAHAS AER3T FEEEA GG @4
o2 Azt #2143} Rbs S F7] 7 del F
23 FAAEY HAAIZH T3 &L o
£ E2F9} Agste] E2F9] 7|52 AT =H
A EF71E Glo] AR A7 YA EA R A
AT 82, TPA 34 o] 93 HL60 A EE3}A]
A Q14+s} Rbe] wd =717 Baso] dEd™,
o] A FolA X TPA A x| <] HL60 Al 73}
Al A Ql4akzl Rbe] ¥rd o] Z7td o2 Hol F
7tel A 4ks} Rozt Al TEEF =0l YeEhvd=
Gl ZAlo) o] Hod=E= Aoz YzhHEG.

Cyclin-CDK &gl <]afjA] Rbz} #1443} =
o] 2243} ¥ Rbe| Gl FA 75 FAs =
Aoz deA Y™, =, cyclin D-CDK4/6 £
A7} RbE QAR A7), Helo] cyclin E-CDK2

T

=
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B3 7T A3 A RbE A48 A7l o2 Rb7}
AA st 3 E2F7} frelslo] EAstEw Gl A
2} (progression)} DNA E-Ajol] 23t o] §--4}
9] 230 FUHH] AEF7)E GlA S22 &
o7ti G2 ¥ M AEF7|E AA A AEEY
o] o] AY O, A £ Wol= cyclinCDK -3
Aol g Rbel FY& ANEE 7] Y3} cy-
clin-CDK E-& o] Ag3sld 7]%& d=sle o
A A} (inhibitor)7} 120, @A) 71A] o] 21gF CDK in-
hibitors CIPKIPZ 2} INK4Fo 2 B850 gt}
CIP/KIP7 9 & cyclin D-, cyclin E-, cyclin A-2] &4
kinase?] 7]%-& oAk p21™, p27 ", ps79%o)
424 201, INK4TZd = cyclin D-0} &4 kinase)
7152 JA 8k p1s™®, p16™ ., p18™, p19™Ho)
G2 A T,

A4 Lo A REE9 CDKE-E cyclin, DNA
polymerase delta®] subunitQ] proliferating cell nu-
clear antigen (PCNA), p21¥*"3} 43 B2 34
shi=d), o} Aol 3 Expe] p21Mo] gy
o] glo™ RbE 4tsl A|A E2F7} &4 35,
A8 A gzt p1¥Ae) W o) FrtE o
F EApe] p21VAfle] Ag Aol EAstA HE ol
AFA ] Rb Q1433) 7)o BEAHE) HE Ao
2 A A o] @A A TES} 27]0]
p21™¥o] Z718 Roz Bo} p21Mfe) olgt
CDKe] Rb 21413} 7]5 Al TPA X xjo) ol &
HL60 Al ZE-3}A] vreltE #1413} Rb 2 5
7te) %23 714 F 32 B2, Jiang 510
7} Steinman 5% TPAS] €] 3+ HL60 A 3£ 514
p21VAT Gulo] M ERE Zrld] Fobgdtn B
o ok A 508 HL6O A EE5HA] p21WAT
mRNAS] 24 718 Hughut gled], p21Ve]
FA e ps3Viel osted fEE £ oty
HL60 Al £& ps3™" A7 AEd MEolBg
ps3VT wjgl & ANZAAZE ot} pi™
o] Wo] FI1g A o2 Al €.

p27"e BAFol A X Yol A &Fo] 943}
A #E=H T, FA7] dEe MENA = T
p27%%0] B ATty Byso] glen, cyclin-
CDK &3 o]& 3 p27°%" 9] inhibitory thres-
holdE FE&of EA4slH = Aoz &84 Ut
19 o] Ayl AER3} 7)o p27Te 2E
o] Z7I3 & thE-Eo] M27F /A E AY
2 B3l B3A% 39A471A] S/t wde] #
Ase A& 2 o, p27l 9§ cyclin-CDK

o
L

-82-

A9 S: HL60 A EE-31A] Rbe} 23

E3tx9) 24 e HIO M E 83 27] 2 5
3} 3719 AXF7) BA o] FasA) Feshe A

o7 Aztdrt.

CDK9] &4 E ZaA7e E & 714102 cy-
clin?} CDK®] 44 a7t A& & Ut o] A%
oA} M EE-3}A] cyclin E, A 2 CDK2, 4 o g
o} 74523, Buger % cyclin E, A, @ CDK2,
42] mRNA @& o] TPAS} 9|3k HI60 M X 83} &
Ay Badt A8 mald o, ArbdAe
A cyclins 7} CDKse] ¥go] ZAw o] ME 1ff o]
Sl A Eo) kA 7HA7t cydin-CDK H3x) &
o] 3 Yoz 2A83itta AYzhEt Cye
lin D1 Th-2 AR 3]l F<bk ddo] el e
u}, CDK49] ztao} p21™™ 3} pp7%e] 2718 3
2 & Rb Q443} 7152 vleke Aoz Hud
o} A ZEEA cyclin D12] A EF7) 2A71% o]
o] A mix] & 4 glof o] AN A7t g
8ty AyztE

o] AdZ4AES Y
o] gt HL60 M X E3-FEA] dEE Gl 7]
BA ol e, p21¥ 3} p27°Fie] W Z7}} cyclin
E, A 18] 1 CDK2, 4°] ¥& 7742 <13 CDK2,
4] Rb Q1413} 7)559] 3HA0t 22 U A AL
3} Rbo} d FIt Fa8HA FAE3te ez
Ay Zrh .

il

3

1)

|o

2 A5, TPAC]

=
—

ANEZEe AEF719 GI FA|, AFEAL 2,
aga A 5] fdxte] wdelete 37H4 9
71235 AP oz AYAh AEF7]Y G1 3
A AMEF71E 2-5tE o8 AxF7] 249
Ag3kel Y Fs Lol oA o] Fojyh
3 A gloy MEESA Gl FAd fo] &
dxlo] Jle MEF7] 2AJNAEY] 48E 74
g of & Fito] @ol ol
o] AFo|A= HL60 A Zo] TPAZ A3}
31 F=3tEAM Rb 4w A 2 cyclin A, E,
D1 28] 31 CDK inhibitorgl p21*4F 3} p27¥e] wt

FEE TSI AEZE3e FAE AT F7
AAE9] 24 71§ ol#staat sttt
HL60 M EF= TPA XX]o 2|3 A X734
AEELo] FaetA ZLEHAA DR/
AL B3R T, AEF7] 2AHAAE] Wi
€ 3 23kt Rb A #1443 Rb
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7t 37}k R, cyclin E, A A2 AA3) s
SR om, CDK2, 4 @92 MA 3] Zhasiith
p1"4fe Balg 2718E F1s] AlFstd
294 & AASA FrE R e, p27 e B34
T 27)1%E @A 2ol FUMEHEA 3R
T 34774 adE $AH9 azas TPA
o] 9] HL60 A EE3HA] p21VA 3} po7¥Fie) it
@ F7}9} cyclin E, A9 Hd Zhdof o3 A
2.2 CDK2, 42] Rb {1413} 7] o] i o] A<
233} Rbe] 2ol FUtE Ze® Yem, 57t
d A Q4Est Roe A EF719] Gl HA 2 HEF
7] olgol o] HH Aoz Al
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