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=Abstract=
Expression of Apoptosis Related Genes During HL60 Cell Differentiation
Won-Ki Baek

Department of Microbiology, Keimyung University School of Medicine

In hematopoietic tissues, apoptosis is coupled to terminal differentiation of myeloid progenitors.
The mechanism of apoptosis associated with differentiation is poorly understood. HL60,
promyelocytic leukemia cell line, was used to study expression of apoptosis related genes (bcl-2,
bel-xys, c-iap 2, and procaspase 3) during differentiation induced by 12-O-tetradecanoylphorbol-
13-acetate (TPA). HL60 cells were differentiated to monocyte/macrophage like cells about 1 day
after TPA treatment, and differentiated cells were gradually induced apoptosis from 4 days after
TPA treatment. The bcl-2 mRNA and protein product were rapidly and continuously downregulated
but expression of bcl-xp and c-iap 2 genes were increased in early stage of differentiation and
then decreased. Expression of bcl-xs, the alternative splicing form of bel-xi gene, was slowly and
continuously increased. These data suggest that increased expression of bcl-x. and c-iap 2 genes

may provide a mechanism through which apoptosis is blocked in early stage of HL60 cell
differentiation.
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Apoptosis= 2 U GAA B -7 A 9
3la] dojuin] olof FAHE f-AA F MF Y
2] ¢33 Zo] bel2 FAAZ |} bel-2 {1}
A3 MEe Atdo] & Z3H 3 PP ZH & apoptosise A o] T dH= bel-2, belx S3}
ojFoj) 1 lom, FhA 9] TG A Z7] A apoptosis fr =ol] T+ 3h= bax, bak, bad F-o] %]
o] A A A ZAME -2 apoptosisehe 71 A& & 2 3lem, A 2ol apoptosisS A BHE 7%

ME

M E3 % (cellular homeostasis)2 A L o] Al A E

sto] o] FojzIt}. B3 W7 Rol A apoplosis
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& 7}A iap (Inhibitor of apoptosis) FHA}Fo] &
21212 YT, Apoptosise] A DAY
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Table 1. Primers used for RT-PCR analysis

GAPDH sense 5' CGTCTTCACCACCATGGAGA 3' 300 bp*
antisense 5" CGGCCATCACGCCACAGTTT 3'

bel-2 sense 5" GGATTGTGGCCTTCTTTGAG 3' 233 bp
antisense 5' CCAAACTGAGCAGAGTCTTC 3'

bel-x sense 5" CGGGCATTCAGTGACCTGAC 3' bel-x, 340 bp
antisense 5" TCAGGAACCAGCGGTTGAAG 3 bel-xg 151 bp

c-iap 2 sense 5" CCGGAAGAATAGAATGGCAC 3' 219 bp
antisense 5" ACAGCTTCAGCTTCTTGCAG 3'

procaspase 3 sense 5" ATGGAGAACACTGAAAACTCA 3 834 bp
antisense 5" TTAGTGATAAAAATAGAGTTC 3

*size (bp) of PCR product

37 Qe o]5o & ICE (interleukin 1 beta con-
verting enzyme), procaspase 3 (CPP32) S-o] gloH'™>,

ZY A EX3} A apoptosise} BHH FH =}
o] B FAo e AT BB A o] uf
+ T8% ¥ ol apoptosis 7] ] o] =
Fostth Ed FHIole v EatE dMEY ¥
3E FEHo 2N &S AnstuA e AT
o] o] Fo|A 1 gle, oleld E3MH = A7 7]
AL olgfistn o Z&HA S WLyl 9
A= A|E2] £-3le} #HHAH apoptosisel] et ¢
22 oA E daz st Yok

o] AFel A& HL60 M EFVe) 23-F=AQ
12-O-tetradecanoylphorbol 13-acetate (TPA)Z *] %] &}
o} &7/t 4] A] & (monocyte/macrophage-like cells)
AE NER 35 F2313A 2ol f-=9F 3
o] JEYE bel-2, bel-x, ciap 2 FAAEQ] 4w
& ZA}3aL ICE familydl] 473} procaspase 39]
1 SAEE dolFozH AEES) #-d
5] Ueh= apoptosisAd FHAES] FH &
A& AT

311

al

N U

ol
=

1. MZue 2 BB E

HL60 ] £+ 10% fetal bovine serumo] 3%
RPMI1640 ¥jA) & A3t 5% CO, 37ToA
5~10% 10° cells/mle] F=E {2 5tHA] Wi Fs)
Atk M X457 6X10° cells/ml W o] B3H4- =42
TPAZ 32 ntME Al Lo 238 § 53}
gon, o] 3dnjrt 3bAH 32 nM TPAE i

- 86 -

sl Al WiX) 2 mA) 8Tl ApoptosisFEE 93t
etoposide A )& 7x10° cells/mle] A] o 30 uM
etoposideZ 641 7F 2 €] 31t}

2. Apoptotic DNA fragmentation assay

v ksl 0.5%10° celld eppendorf-tube= 71
2000 rpmol| A 287 A st A EE A& F
20 ple] lysis buffer (20 mM EDTA, 100 mM Tris,
pH 8.0, 0.8% (W/V) sodium laury} sarcosine)2} 2 pl
2] RNase A (5 mg/m)E 43 2 37ColA 1At in-
cubation3t & 20 ple] proteinase KE ¥ 31 50°C
] 1217k 308 &-& ovemight incubation3d}$3 t}. o
71¢] GLB 5 ulZ ¥ 1 412 3~ 1.2% agarose gel 2

dry gel electrophoresis= 21 A] &9 o},
3. RNAEZ 2|2} RT-PCR

WjokE A Zolx RNASl ¥ RNAzol B
(Biotecx laboratories, Inc. USA)E Al&35t4ct &
2] F RNA 4 pgs oligo dT (16 men)E Al-&-3hd
MuLV reverse transcriptase (Perkin-Elmer Co.)Z.
A AL (reverse transcription)Z A] 23}l t}. PCR&
10X reaction buffer (15 mM MgCl,, 100 mM Tris-
HCI pH 8.3, 500 mM KCI) 5 pl¢} 10 mM dATP,
dTTP, dCTP, dGTP 2 1 WX, 18] 31 30 uM sense
=l antisense primer (Table NE Z}z} 1 plE W &
ool 1 ple] ¥HEA]F1 cDNA reaction mixture$}
2.5 unite] Taq polymerase (Perkin Elmer Co.)Z @
o F Zplz 50 plE LTS THE3 30 plel

mineral oil& %3t & DNA thermal cycler (Perkin
Elmer Co.)5 A}-8-3}o] PCRE A 3}5 v} GAP-
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DH 3%} & 934 += 22 cycle, procaspase 3,
bel-2, belx, c-ap 2 FAAES FTES M E
28 cycle AT SEH PCR AHEL aga-

rose gelol] A 7] 453 T £A3Ah

dH

4. ched 22| 4l western blot analysis

v FE A ZEES Lysis buffer (10 mM Tris-Cl
(pH 7.4), 5 mM EDTA (pH 8.0), 130 mM NaCl, 1%
TritonX-100), 0.2 M phenyl-methyl-sulfonyl fluoride,
proteinase inhibitor cocktail (0.02 mM aprotinin, 2
mM leupeptin, 5 mM phenanthroline, 28 mM ben-
zamidine-HCl) 2 31 iceol| A 3087 & 5 A4
Sho] 43S # gk $ Biorad protein assay kit=
2B Aoz @ F £3 2 SDS-PAGER
717194 %3} nitrocellulose paper (Millipore#], Im-
mobilon) 2 electrotransferd} ¢ ©F. Transfer® mem-
brane-2 Blotto-8 (5% skim dry milk in TBS-T
buffer)o] ] cold chambert} | 4] 3A] 7} shaking
gl & Blotto-§- & #| 7 3} 1 primary Ab-& (&
)l 2A1ZF 3 TBS-T buffer® rinsedt T2
secondary Ab-8-9 (& -&)o| A 1A17F =}, o] =
T}A] TBS-T buffer2 washing? ¥ ECL (Amersham
Co., USA)Z detectiond} ]t} AF-&3F A x}akA| =
}2-2} 2t} Bel-2 (Santa Cruz Biotechnology Inc.
USA), Bcl-xi5 (Santa Cruz Biotechnology Inc. USA),
PARP (Poly ADP-ribose polymerase, Enzyme Sys-

o

5}

S (dav)

Figure 1. Agarose gel electrophoresis of apoptotic
DNA extracted from TPA treated HL60 cells. HL60
cells were cultured in the presence of 32 nM TPA
for 5 days. C; control cells. This experiment was re-
peated two times.

=18

tem Products, USA), Procaspase 3 (Transduction La-
boratories, USA).

2 o

1. HL60 M Z 23}7 Lo 2 apoptosis

TPA A 2ol wta} A2 1955 oF 80%2] HL6O
A7} Al azef kg Aol F2FstA A G/ 2 A
E AE=RE B3Edon, UrA] A7 HMEe
B3tE A Fu R HE EASAT. E3lol
w2 apoptosise] WA -§-F5 DNA fragmentation
assay® F=ALgh Z 7} (Figure 1) TPA 2 2] 4% 5
Al &3] 5 o) o] 27]7}A] apoptotic DNAE-A o]
#Z=] o] apoptosis7t ABHS & = AUk 2
HE AAISA] LUA R B3 A Fu FHE
A ol A &= DNA fragment7} #3235 o] 3}ol 4
3 g A E£E- apoptosis7} = = A|AFFA o

2. HL60 M|z &£3}of = apoptosisztad
X mRNA gt

7

bel-2 FRAAE BIHFE SY7MA AEHH o=
ura o] 7HA319 ¥, bel-xe large form} small
form 7} 2] splicing variants©] & o] E3}-&
T 19AFH Frlsted ALHAG o] o large
forme] F2 Z7}8t9 2 small forme] Z=71=
olo] wlste] m|eket ATt cap 2% E3HH % 3Y
7HA F7vetthzt 44 HE 7343kt procaspase
3 23645 390 7M1 ZrtetA T oA

F E C 1 2 3 4 5(day

hel-2

I)CI—\] s

Figure 2. RT-PCR analysis of apoptosis related
genes expression in HL60 cells treated with TPA
for 5 days. F; floating cells that failed to differentia-
tion after TPA treatment, E; etoposide treated cells,
C; control cells. This experiment was repeated three
times.
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(G 1 2 8 4 5 (day)
Bel-2
Bel-xiss

Procaspase 3

PARP

Figure 3. Western blot analysis of apoptosis re-
lated genes expression in HL60 cells treated with
TPA for 5 days. C; control cells. This experiment
was repeated three times.

C 7 14 (day)

Bcl-2

Bel-x 1ss

Figure 4. Western blot analysis of Bcl-2 and Bcl-
Xys proteins in differentiated HL60 cells by TPA
treatment for 7 and 14 days. C; control cells. This
experiment was repeated two times.

3ol A3 3ta] apoptosis7} F =
M EEL belx F-AAFe) Wy Z7171 2
A £ Bohs 98kl 31 cHap 29] Z7}
7} 9o}, Etoposide & apoptosisS =8+ A o)
A& bel29] #AaE Ao bel-x$t procaspase
39 24 Z7le AN e, ciap 29] FAF Z7t
7} A4} (Figure 2).

3. HL60 M|z 23}of| 2 apoptosisZtzd §%
A cHed s abs

2,

.= )
T

2

Bol2 ¥4 L 2E4E 195 A&Hoz
st on], Belx B A e BahgE 195

A Gt

g}e} Apoptosis

_88-

A

Az 24

PARP

Procaspase 3

Bcl-2

Figure 5. Western blot analysis of PARP, Bcl-2,
and CPP32 proteins in HL60 cells. E; cells treated
with 30 UM etoposide for 6 hours, C; control cells,
D; differentiated cells by 1 day treatment of 32 nM
TPA, F: floating cells that failed to differentiation
after TPA treatment for 1 day. This experiment was
repeated three times.

7 A e ol& F2 Box S AR o] o]
A on, Belxs @A 2 29 BE Aw Z71E Q)
T}. Procaspase 3 THil & B3low T HE ]2z
o7 ZF43k3l on, PARPS 89 kDa ¥4 o] £3}
F=A MEl F Fasgrt 443 E Fopsid o
(Figure 3). #2355 5 793} 14 A oA Bcl2
gl e AL Ayl Ry ow, Bdx T
743 14X E3Hi= HET 3HAE
clxs @A e we =712 nyr) (Figure 4).
sh-f-oll A3 sle] apoptosis7} FFEE HGA
A& Bel-2 @ejale] Hdk #dl 23 kDa
F5 o] 21212, Procaspase 3 THa = &
o] Aok X3+ 113 kDao] PARP ©
5o} 1o 89 kDao] ¥4 T
7} o] 2191t} Etoposide® apoptosisE 5%
+ Al ol 4] = Procaspase 3 2 113 kDa PARP T+
WA o] HE2 neFslel 2m, 89 kDa PARP ¥4
el 9l 23 kDa Bel-2 £ @i 2 715 of
Sl Aot (Figure 5).
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HL60 A 35+ promyelocytic leukemia A £ 3=
A TPA, dimethyl sulfoxide (DMSO) 59| 7% &
FREA] odte] FFAAANEL AL T ¥
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T AGE B3 v|E3 SAZEFEA AX
¥oe) $8¢ Rd2 ATHR Y. diHo
= Aze) BHE e AT} G179 AE
7)ol BA8k3 A Ee] apoptosis7} & A ¥] o] of
Fdotm g A dom?d md o TR AX
7t AFE3 F A AIzEe] AU apoptosisE &
st AAH =2 E3}9} apoptosise] Aol &
A BAZ Avkn Bzhe 3z Qe

o] A& oA HL60 M XEol 32 nM2] TPAE A
gtH 2 o 1€ F oF 80%9] A E7} T/ 4
AE Agoz ¥3lsq, ¥l Ao o 20%
o} ¥.8-4) &= DNA fragmentationo] e} A E
E-3}314) o) A} apoptosis A7 A FHQ M EE
shol 4AA Aolet A A o] AYPA
vehd £31 A9 4 MEF Yo EA5}
£ clonal difference W] &Y $% 9o, oluydA
TPAZ ¢ E3HF=EANTI} Fold o) 53 A X
F719 e AE7L E3td AdfstE Ad F=
SUchx 42w ol 3% o ZAMSojo} & A
oz 47ac. 98 4FHoz Y ATE
-3} 49 5B = apoptotic DNA fragmentation& H
o HFESEH ATAMNE LA ATl A
apoptosis7} =8-S A A}sksl o}

Apoptosis®] APA A F23 7]5S dh=
A& cysteine protease (Caspase) TR T 0 Z A
apoptosis?] catalyst® 2Z-8-3la] w2FA Q] A X
disassemblyol] B &tin el gl olg gt
cysteine proteaseol]i= Interleukin 1 beta converting
enzyme (procaspase 1), CPP32 (procaspase 3) 5©°]
dew, o]59 7]AR &2l A2 PARP (poly
ADP-ribose polymerase), lamin A, B 2 C, IL-1 beta,
Ul small ribonucleoprotein, alpha-fodrin, topoisome-
rase I, beta-actin S 0.2 E3] PARP= A 3 ¢t
o] ZAEA DNA 42T Bad wud
2] apoptosisi}7 ZF Caspased] 2] &) ¥ h2] 116
kDa =9} 3717} 89 kDa¥} 27 kDao] @ o g2
Agdrin 24A Ao, o] AP PARP
9] Mg % =} procaspase 39] WA F=& AY
& o, $BGE F Caspased) T4} J=E Vit
Y& PARPS] W] ZASAT 4ARE A
d HHe] Fo] F7hE AL procaspase 32] mRNA
& TPA A2 5 3900 7h 7o 420
Caspase®] &4 3}g 2| 1]3l+= Procaspase 3 Tz
o FF g A7 v o] 239} apoptotic
DNA fragmentation 23} & st £ w 13}

- O

-89 -

&% %7] 4l apoptosisol] A @] 7] A E7}
B39 o) apoptosis7t FEETRIL FFE F
At}

bal-2 §A A= 19841 Tsujimoto 5°%0] 18 ¢
A9l g1l 23 FARZA bel-29] I
o] A X2 BEZ F7MFIH 7 kA =3
o A apoptosisE A3t ME YEEE F7H
ctn AT, o1 F Bal2 A3 Agshe
@A 2 Bax T o] @ex] 3 o] 3l o] Bel-2¢}t
sequence homology7} 21thar BHa A | A Bel-2 @
HATY o 7kx] diAEo] deAA HA
t}. Bal-2 A F& A 272 BFE T
£ sh}be Ba-29} 229] apoptosisE AA|3he &
WA E 24 Bel-2, Bakx, 5ol9, & 3} apo-
ptosisZ X3t AEZA] Bax, Bak, Belxs 50|
o, bel-29} baxe] knockout miceZ o] &3 AH
o] 4] bel-2 deficient micet= 41 72] WA o] Ato] g]
o0, B Y T AZ T J&o] o]FojxA go}
A E2] 2319} Bel-2 family T2 2hel] B A 0]
A5 AlAFska Q. o] Aol A] HL60 4] X
7} 32 nM TPA A 2]el 98] T/ A X 7
o] A xR E3}s o] Yzt of Bel-2 dejd o)
HE westen blote 2 A3 Ay B3lfx
A &9 @jAe] ZhArt Vel o o] RT-
PCR A7 2 & o] mRNA HARS] o] ok A
oz Q7Y ol A= DMSO, all-trans-
retinoic acid 2.2 T T T T/ A A A
gz 235 f57 2 AP0 g3
AnzA ol A9 HZFE3 F Jehd= apo-
ptosisel] FEH o2 FAst= 3 Aol B Ao
2 AZtdc}. = Bal-2& 13} myeloid progenitor
A 3£2] apoptosis Aol = F L35} HFFE3}A
X 9] apoptsis AAo|= F 242 AL &
< Aolgt BZE 4 Sk W Bal-2 YA S
b A7l HL60 A o] 324 A A &
37} ol ol e Bt 1o Bol2 @A |
47 B3riAey AARAA A 2R = g

Bel-x @] 2.2 alternative splicing® 2 A3 5
£ Bel-xi#} Belxs?] 5 @lzlo] glon o] &
Bel-x.-2 apoptosis 2 A} 7] Fo] 3= ¥HA Belxse
Bcl-2 =+ Bel-xo B A 2 AE3te] o] &9 apo-
ptosis &} A7 FslA7= Aoz g A 3l
P o] @A TPA 3454 belxw 43
AE L 23 1493H F7kE7] AlFsie 39
~5U974A] A &Hkrr 231 79 2 14del=

-0
[< =14
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a3t o)z nl%

o] Hol E3}8-%A] Belx
WE F717) bel2 2d

Zr5xc)) 2] % apoptisis &
A7159 FaE BAste A 22 AZE . Ho-

mologous recombination® 2 o] 2|3k bel-x F-A A
E AQA7 AFA N =¥ 2AH L apoptosisZ}
dystel A 139 A=) FE RoE WA
Aom? bel2 28 BANME 4 F myeloid
AEY Axe FAZ 1 AEFHA FZ7A
A A F 9| apoptosis7t HAATHT g2 A glel
myeloid AF A E2] 7 &3}l belxo] L&
ol 8% Aoz AAAt belxs FAA TA
< E3ixel ot mefetA Fotstden &
3t Fo = A& HRAHom FUtste #3) $-9
apoptosisel] T & A& AJABFA T

iap 8- A x}F-L Baculovirusol] A 2]-& A9 §
HAAFRA e} A 9] c-Fhe] & RING finger motif
£ 7} 9, N &te+= BIR (baculovirus IAP re-
peats) motif & 712 1 gt} IAP ©e) A Lo 238}
+ A EZ¥E Baculovirus?] Cp-IAP, Op-IAP, AC-
IAP, %5}2]9] DIAPI, DIAP2, A}2te] cIAP 1
(h-IAP2, MIHB), c-IAP 2 (h-IAP 1, MIHC), NAIP
(neuronal apoptosis inhibitory peptide), x-IAP (h-
ILP, MIHA)$} 2 2ol B 318 Survivin So] Joh>
S AP gl A o] 2Hg7] e o}A 7] A 8hE)
uHa] A 1A= 2R 9 apoptosis A o] B st
Aoz oA ok 71 & €3 1AP v A
o] zhg7]3-& TNFR (tumor necrosis factor rece-
ptor)z} #AE RS2 TNF-or} TNFRe| A §3}
- ) c-IAP 17} c-IAP 27} TRAF2 (TNFR asso-
ciated factor 2)} A Egto 2 NF-xBE &A1 3}
A7 apoptosisE A8t Ao PP, NFxBe
T cIAP 17} 29] FRAAHALE F7MTE A
o5 4eA positive feedbacke] A HE Flo=z
Azrs] 1 gt o] AyPolA] TPAR E31E § 5
L wf ciap 2] mRNA 2 o] B3 {= 347t
A F7retthzt 44 5E oAl ZaE el o]
TPA A 2] %719 ciap 2 Z@ F717} A 23l

2 apoptosis®} FA & AA e 715 S A&
7Fe/d & AIAFSEL 9t} 2 U HL60 M E3F
F35 o7 71 A X TPAE A2l S o NF-
xBe] &4o] Frl3the B EP3 o] Add)
A B3lo)] A3 RRAHELEANA T cHap 29] B
do] S71d AL E Bol ciap 29 EE ke
TPA A2 2 {8 NF-xBe| &4 ZF7}el] &3k c-
iap 29] MALEA 3l o FEAHY TE FUt

-00 -

y

Q5% glol A% o ATolok T Ao AR
g

B4 Aot apoptosis7t FEH
M| EE 2 Procaspase 3 2 113 kDa PARP tHiH 2] o]
2o 74, 89 kDa PARP 3 &2 9 23 kDa
Bal2 £4 @A) F7l F, DNA S4EAQ
etoposidex] 2] o} H] =gk F/d& Ho] TPA A A
E3lol] Aafgt A XE-2 F43] apoptosisE = A
2 & F AU H 2ol = Bel-2 @) o] caspase
39] 7] o] Caspase 3] o}8] A 23 kDa2]
amino terminal fragment”} apoptosis& F7FA1 71t
2279 9lo] Ealo] Ao NE) FH
apoptosise]] Bel-29] Ak} 1 B o] &8 o] o
g Ao= QZtsn, E£F bel-x mRNAS] o]
27t AFA0R RED ALY v|tael 3
3 bax AR FARE st §3 Aoje
A F st 7heAel S A2 Azdn

o| A% Z3rsle] & wl promyelocytic leukemia
A EFQ) HL-60 A £Fl| A £33} =4 TPA A
2o 23 /A A E Aldze] MEEEA
ol = ®3}Z7] 0] apoptosis A7} dojvtm B3}
Fo| = HZE 3o mWE apoptosis7} Pojrin], B
3}x7]2] apoptosis Q) Aol & F7FE bel-xy, c-iap 2
59 FRA Ldo|, aeln HFTEE | T
apoptosisol| & bel-2 2 bel-x.9] W& 7FA9F belxs
o] W F7vF Bojd Aoz yztE
=

& =
A £3%-31 9} apoptosis®] AT TAE ola|317]
93le] HL-60 A XFE& A}8-38to] E3lR=A A
TPAZ £31E FE3lHA 23f =9 B Hof
e} apoptosis@F’d s} bel-2, bel-x, cap 2 &
apoptosisH & FRAAES] YL zASIY T

1. TPA Xg)ol whet X 18 FE < 80%9)
HL60 A Z7} A v FH Aol B2t T/
AL AR B on, 23] 44 FE A
2}s}e] apoptosis7F A3 = QAT Al ZE-F e A
3} ok 20%2] A EE-& apoptosis7} -F =5 St}

2. HL60 A s E-3}o]] m}-2 apoptosisTd - =}
mRNA T&: bal-2 F-82 = £33zl tat &
23 5Y7A] A &H o2 dgo] FAa3H o,
bel-xi= WHEo] B3-HE 1Y% S7l8td A&
=t o] o bel-xol F2 F7HIA 2™ bel-xse]
Z 7k ol sl w3 H . ciap 2= ¥3F
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FE 3U7A Fobsitot 49 RE FaEAo
procaspase 3= W3 3Y el 71 FUHIAS
7t Al A vk BahGxd A sete] apop-
tosis7} F=E FHMEEL belx AR T
A 7 AR ey ESAE Bohe 3t

3. HL60 M| =&-3}e]l m}& apoptosis@H -F-A
@uld g Ba2 99Ee E34% 1493 H
A&How a3zl en, Badx 99dS £3}
F= 1457 F77F dA 2w Belxs ©d 2
245 EH 4234 FlE0 743 14U 7S
S7he B4

o9 APAAER E o) promyelocytic leu-
kemia M| EFQ] HL-60 A Xo|A] E38TA)
TPA A 2jo o) & /A A X AR AR
BpAloll & E3ha7] el apoptosis A7t Leojrtm
£33 Folle HFEste ©E apoptosis7t Lot
H, £3h2£7]9) apoptosis A& F7HE belxy,
cdap 2 T8 FAHA HHo], 22lm HFE-3

£ apoptosisol] = becl-2 2 bel-x.2] WE A9}
bel-xs9] Fd F7h7F #eid Aoz yZEd

X}
=i

nEH

1) Adams JM, Cory S: The bcl-2 protein family ar-
biters of cell survival. Science 281: 1322-1326,
1998.

2) Ambrosini G, Adida C, Altieri DC: A movel anti-
apoptosis gene, survivin, expressed in cancer and
lympnoma. Nature Med 3: 917-921, 1997.

3) Benito A, Grillot D, Nunez G, Fernandez-Luna
JL: Regulation and function of bcl-2 during dif-
ferentiation-induced cell death in HL-60 pro-
myelocytic cells. Am J Pathol 146: 481-490,
1995.

4) Blagosklonny M, Alvarez M, Fojo A, Neckers
LM: Bcl-2 protein downregulation is not re-
quired for differentiation of multidrug resistant
HL60 leukemia cells. Leuk Res 20: 101-107,
1996.

5) Boise L, Gonzalez-Garcia M, Postema C, Ding
L, Lindstein T, Turka L, Mao X, Nunez G,
Thompson C: Bclx, a bel-2 related gene that
functions as a dominant regulator of apoptotic
cell death. Cell 74: 597-608, 1993.

6) Cheng EHY, Kirsh DG, Clem RJ, Ravi R, Kas-

-91-

tan MB, Bedi A, Ueno K, Hardwick JM: Conv-
ersion of bcl-2 to a bax-like death effector by
caspases. Science 278: 1966-1968, 1997.

7) Chu ZL, McKinsey TA, Liu L, Gentry JJ, Mal-
im MH, Ballard DW: Suppression of tumor
necrosis factor-induced cell death by inhibior of
apoptosis c-IAP2 is under NF-xB control. Proc
Natl Acad Sci USA 94: 10057-10062, 1997.

8) Clem RJ, Duckett CS: The iap genes: unique ar-
bitrators of cell death. Cell Biology 7: 337-339,
1997.

9) Collins SJ: The HL-60 promyelocytic leukemia
cell line: proliferation, differentiation, and cel-
lular oncogene expression. Blood 70: 1233-1244,
1987. '

10) Delia D, Aicllo A, Soligo D, Fontanella E, Me-
lani C, Pezella F, Pierotti MA, Porta GD: bcl-2
protooncogene expression in normal and neopla-
stic human myeloid cells. Blood 5: 1291-1298,
1992.

11) Fraser A, Evan G: A license to Kill. Cell 85:
781-784, 1996.

12) Green D, Kroemer G: The central executioners
of apoptosis: caspases or mitochondria? Trends
Cell Biol 8: 267-271, 1998.

13) Hohmann HP, Remy R, Aigner L, Brockhaus
M, van Loon AP: Protein kinases negatively af-
fect nuclear factor-kappa B activation by tumor
necrosis factor-alpha at two different stages in
promyelocytic HL60 cells. J Biol Chem 267:
2065-2072, 1992.

14) Komer M, Tarantino N, Pleskoff O, Lee LM,
Debre P: Activation of nuclear factor kappa B
in human neuroblastoma cell lines. J Neurochem
62: 1716-1726, 1994.

15) Liston P, Young SS, Mackenzie AE, Komeluk
RG: Life and death decisions: the role of the
IAPs in modulating programmed cell death. Apo-
ptosis 2: 423-441, 1997.

16) Martin SJ, Bradley JG, Cotter TG: HL-60 cells
induced to differentiate toward neutrophils sub-
sequently die via apoptis. Clin Exp Immunol 79:
448-453, 1990.

17) Motoyama N, Wang F, Roth KA, Sawa H,
Nakayama KI, Nakayama K, Negishi I, Senju S,

AlEoistin | 1P: 203.247.13.27 | Accessed 2016/01/08 14:23(KST)



WA 7]: HL60 M XF £3}9} ApoptosisTHH F3

Zhang Q, Fujii S, Loh DY: Massive cell death
of immature hematopoietic cells and neurons in
Bcl-x-deficient mice. Science 267: 1506, 1995.

18) Nakayama K, Nakayama K, Negishi I, Kuida K,
Sawa H, Loh DY: Targeted disruption of bcl-2
alpha beta in mice-cccurence of grey hair, po-
lycystic kidney disese, and lymphocytopenia.
Proc Natl Acad Sci USA 91: 3700-3704, 1994.

19) Nuez G, London L, Hockenbery D, Mckeam JP,
Korsmeyer SJ: Deregulated bcl-2 gene expre-
ssion selectively prolongs survival of growth
factor-deprived hematopoietic cell lines. J Im-
munol 144: 3602-3610, 1990.

20) Nunez G, Clarke MF: The bcl-2 family of pro-
teins: regulators of cell death and survival.
Trends Cell Biol 4: 399-403, 1994,

21) Rao L, White E: Bcl-2 and the ICE family of
apoptotic regulators: making a connection. Curr
Opin Genet Dev 7: 52-58, 1997.

22) Ray S, Bullock G, Nunez G, Tang C, Ibrado
AM, Huang Y, Bhalla K: Enforced expression
of bel-xs induce differentiation and sensitizes
chronic myelogenous leukemia-blast crisis K562
cells to 1-beta-d-arabinofuranosylcytosine-medi-
ated differentiation and apoptosis. Cell Growth
Differ 7: 1617-1623, 1996.

23) Rothe M, Pan MG, Henzel WJ, Ayres TM and
Goeddel DV: The TNFR2-TRAF signaling com-
plex contains two novel proteins related to ba-
culoviral inhibitor of apoptosis proteins. Cell 83:
1243-1252, 1995.

24) Savill IS, Wyllie AH, Henson PM, Haslett C:
Macrophage phagocytosis of aging neutrophils
in inflammation. Programmed cell death in the
neutrophil leads to its recognition by macro-

-02.

]

phage. J Clin Invest 83: 865-875, 1989.

25) Shu HB, Takeuchi M, Goeddel DV: The tumor
necrosis factor receptor 2 signal transducers
TRAF2 and c-IAP1 are components of the tu-
mor necrosis factor receptor 1 signaling complex.
Proc Natl Acad Sci USA 93: 13973-13978,
1996.

26) Tsujimoto Y, Finger LR, Yunis J, Nowel PD,
Croce CM: Cloning of the Chromosome Break-
point of neoplastic B cells with the t (14:18)
Chromosome Translocation. Science 226: 1097,
1984.

27) Veis DJ, Sorenson CM, Shutter JR, Korsmeyer
SJ: Bcl-2-deficient mice demonstrate fulminant
lymphoid apoptosis, polycystic kidneys and hy-
popigmented hair. Cell 75: 229, 1993.

28) Villa P, Kaufmann SH and Earnshaw WC: Cas-
pases and caspase inhibitors.: Trends Biochem
Sci 22: 388-393, 1997.

29) Wang CY, Mayo MW, Komeluk RG, Goedel
DV, Baldwin AS Jr: NF-xB antiapoptosis: in-
duction of TRAF1 and TRAF2 and c¢-IAP1 and
c-IAP2 to suppress caspase-8 cativation. Science
281: 1680-1683, 1998.

30) White E: Life, death, and the pursuit of apop-
tosis. Genes Dev 10: 1-15, 1996.

31) Xu HM, Tepper CG, Jones JB, Fernandez CA,
Studzinski GP: 1, 25-Dihydroxyvitamin D3 pro-
tects HL60 cells against apoptosis but down-re-
gulates the expression of the bcl-2 gene. Exp
Cell Res 209: 367-374, 1993.

32) Yee AS, Shin HH, Tevosian SG: New perspec-
tives on retinoblastoma family function in dif-
ferentiation. Front Biosci 3: 532-547, 1998.

AlEoistin | 1P: 203.247.13.27 | Accessed 2016/01/08 14:23(KST)



	HL60 세포주의 분화유도에 따른 Apoptosis관련 유전자의 발현
	Abstract
	서론
	재료 및 방법
	결과
	고찰
	결론
	참고문헌


