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Expression of c-mye, c-Ha-ras, c-rafl, and c-mos
Oncogenes During HL-60 Cell Differentiation
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School of Medicine, Keimyung University

The acute myelogeous leukemia cell line, HL-60 is capable of differentiating to granulocytes
or monocytes, it provides a good model to understand gene expressions that are associated
with cell differentiation. The present study has been investigated the effects of dimethyl
sulfoxide(DMSO) and phorbol 12-myristate 13-acetate(TPA) on HL-60 cell differentiation and
expressions of protooncogenes{c-myc. c-Ha-ras, c-rafl, and c-mos). DMS0(1.25%) and TPA
(32 nM} induced HL-60 cells to more differentiated phenotypes as determined by various ana-
lytic methods. These inductions of differentiation were associated with a loss of proliferative
capacity and decreases in clonogenic survival. To determine if modulations of these oncogenes
were important in the differentiation of HL-60 cells to either granulocytes or monocytes, levels
of mRNAs of these oncogenes were determined by Northen blot analysis at various times fol-
lowing treatment with DMSO and TPA. DMSO induced granulocvtic differentiation of HL-60
cells and resluted in a down-regulation of c-myc expression and a transient up-regulation of ¢-
Ha-ras expression. TPA induced monocytic differentiation of HL-60 cells and resulted in also a
rapid decline of ¢-myc expression, while no detactable change in the level of ¢-Ha-ras mRNA
was found. But there were not found detectable mRNA levels of ¢-rafl and c-mos in control
group and DMSO- and TPA-treated group. These results suggest that changes in c-mye ex-
pression can be associated with the monocytic and gralulocytic differentiation of HI-60 cells
and the transient elevation of c-Ha-ras mRNA in HL-60 cells may correlated temporally with
differentiation to granulocyte-lineage cells. These results also suggest that expression of c-rafl
and c-mos may not be play a role in differentiation of HL-60 cells but further evaluations will
be needed.
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HL-60M 25 19779 Collins§'™el acute
promyelocytic leukemia®# A2 5 e Felsto] gl
F dEzFrEA 5o el oG @At Ao o
2 in vitrodel M AbEER] @3 ® ofriz 23
& EAe 2# granulocyte, monocyteF2 %
2347 #2EHE AEFe, £33 §= EAR2E in-
terferon-gamma(IFN-y), granulocyte-mono-
cyte colony stimulating factor(GM-CSF)}&E3}
e AZdM ErlHEe Ak 20T retinoic acid,
actinomycin D, demethyl sulfoxide(DMSO),
hypoxanthine, vitamin D, sodium butyrate,
phorbol ester, butyric acid 57 2 #3t Ealo]
¥R Aot %, HL-60A £ olaig £3} f 5 &
A% retinoic acid, actinomycin D, DMSOQ,
hypoxanthine5§ ~}519 granulocyte® £3}5}
dejr}o, vitamin D, sodium butyrate, IFN-y,
phorbol ester%dl 234+ monocyte-macro-
phage= 37} devls, butyric acid, GM-CSF
Zo 2l A& eosinophil® 23} §57} delyd
ot ol2idl BEAel o3 B3l fx J)AHE o)
&8 2)A ¢ked retinoic acid¥3 e EAL #
A4 HE Axed Hesid 5 fAApREY F
A \HE E 5 9o, ol I Fx A o8

o]d fAA wyel wiglel Fale] vRa AES A
£88 AEzz PEEs & 4 ol a2gRE ¥
S BAL olgty 0|3 MEEF M55 M=
PHgusbds 2 ¢ delvte fAAbLY FAE
FAEE thacivl 2ol gEiE AL ol#Ft=d
EE& & Aejvh

protooncogene2 7 %72 ¢ dAH Fe
glAuk, AR z2e Mze 23 Y A FoqF
£ & ore)x gich, 53 HL-60MZ5o 3o de -
mycat-AA7} 15~300) AEE S5 glom E
ool o} ghR-Aabe] We|rt AP, B oA
ge HL-604%%F granulocyte ¥ monocyte-
macrophage® 33 $x3mA AZ23 o} c-
myc R c-Ha-ras ¢-#3#8} protein serine/
thremonine kinase®/% 713 c-rafl ® c-mos
9 A e AR bR SYa ME
3 #AG ool naux d§sige, o}de AX
¥Ee odF rHE FAREGEA oo FuEy
%y F-Eo) W corafl ¥ c-mosshiAAbY AE
AGAA zelw o2 dA44sl 9 A 5o 4%
ZlE AuE Jduz Agsidck

He W Uy
1) HZF 3 A

A EF 2o T2 A5 g9 WY
A EFHLOAEF)E B A Agstdct. A
EFujek2 10% fetal bovine serum(Gibco BRL),
2mM glutamine ¥ HEPES(Zmg/1)7} ¥
RPMI1640(Gibco BRL)2- |43l 5% CO, 3 4
A 36 Bl A wieFstd A Aystgch 4 Aiujel4)
trypan blue dye exclusion®yje 2 AZAEEE
AtAste AE AEF7F TX10°/ml HEE 3o o
B g3} Fx shsich”,

2) HEZRYHRE

¥E3ix EAR <2zl DMSO(Sigma Chemi-
cal) @ TPA(phorbol 12-myristate 13-acetate,
Sigma Chemical)® #tz} 1.25% % 32nM .22
Abesle] 288 fresigich. TPAR 3 f=de
740}z 1% Noble agar(Difco Co)E wistell oA
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28] NBT(nitro blue tetrazolium, Sigma
Chemical} reduction assay'” % non-specific
esteraseitd F=E #A4stgdcl. NBT reduction
assay: AE o} 0.2mlE e 93 g
0.2 ml19] NBT/TPA stock solutione 2 {3+
MM 3724 2087 F vb& cytospin(Shandon
Scientific)® |43t slides] ¥34)%] * safra-
nin 02 dzddaie] oAl Farsbge)
Non-specific esterase4t 43 =& Sigma Chemi-
cal3]Al9) kitE olfsled ¥3)vol A2E HAYsY
th. ob&3 TPAE ol&3te FIfxsis Aol
Axe Ax wiokg flaske] HztE2) ez P4
TR},

4) RNA ®g|

Chomczynski ¥ Sacchi 4™ & tht A& o
RNAE Fastgdrl. 42 E guanidium-thiocya-
nate(GT) buffer(4M guanidium thiocyanate,
256 mM sodium citrate, 0.5% sarcosyl, 0.1 M 2-
mercaptoethanol, 0.33% antifoam A emulsion
(Sigma Chemical), pH 7.0)2 #8437 g wa-
ter-saturated phenol-chloroform-isoamylalco-
hol mixture(24: 24: 1, V: V: V)2t 2M sodium
acetate(pH 5.2)& $¥x A4 4= 2082+ 10,
(00rpmeo2 Y4g F 4342 Hzlgch A7)l
ice-cold isopropanol$ F% Y3 R3¥ld RNA
£ FAHAzG A4y RNAE GT bufferef =4
g 2.59)9] ice-cold ethanolg el RNAE
#1308 ¥ 70% ethanol® 4 A%t SpeedVac
(Savant Instrument Inc)2 o]&3le 2y e
DEPC(diethylpyrocarbonate)-treated waterol
=of gpectrometer® 260 nMoj4 RNA¥:=E &
et o3} 20zl L@stdA 239U el AHgsl
et

A4 9 59

5) Northern blot analysistl 2{## mRNA
oy

2719 dgleE E=1¥ 20u4g9 RNAE for-
mamides} formaldehyde5& 7} § 65%.0]4
1087} 233 el 1080 F ¥ 2.2MY for-
maldehyde’} Eoi3lEs 0.9% agarose geld o|&
st} 6 volt/cm® submarine electrophoresisgt

& nitrocellulose(NC) filter(Hoefer Scientif-
ic Co)2 % 14~16412 Aejatgdct, =231 £ NC
filter® #7] Fol4 4ZxA]7] o} vacuum oven
{Colparmer Inc)elA 9087t 5o RNAE filter
of mAA)7|Z 0.45 M NaCl/45 mM sodium cit-
rate(pH 6.8), 50% formamide, 0.1% SDS, 5%
Denhardt's solution(0.1% polyvinylpyrrolidine,
0.1% bovine serum albumin, ¥ 0.1% ficoll), 1
2]3 5% salmon sperm DNAE &4#¢ £
42z )4 1227} prehybridizationdlgitt. RNA-
cDNA##2} A Z§t4-(hybridization ¥ ¢DNA
(c-myc, c-Ha-ras, c-rafl, c-mos, ¥ GAPDH)E
“P.dCTP{DuPont Inc)= nick translationzl«
Eo] #4971 1x10°cpm/ pg IR =T A5 99
fdof cDNA~7} 10 ng/ml=E % Hrlsle] AAalg
oh, 23 £ 2X SSC(0.3M NaCl % 0.03 M sodi-
um citrate, pH 6.8) % 0.1% SDS £9o2 42
oA 2087} A8k, = 0.2X SSC ® 0.1% SDS
7} Eolgle 4o 6584 10¥, zelz 01X
SSC 9 0.1% SDS7} £ gl &9o2 655X
1087 AHFE g G5 70z AN 70~T76A17F x-
ray filmel =&A)7 ¥ d4sdcH). mRNA A%
2 IBM computerd] €12%¥ 2<% =A% 7] (Hoefer
GS300 scanning densitometer, Hoefer Scien-
tific Co)}g AH&3tel FAEE 4 F99 WHE
Gaussian intergration®y o 2 &389c}.
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HL-60 M =& DMSO % TPA=E 33 =34
Al AEs] F4 ASE AFAESR ZAG A}
(Fig. 1), DMSO2 ¥3 #=% Hte 92394 &
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304 ¥ 74t ARE Heled, TPASY e 1247
7tAE F7HstRev 2% Arastgch oje 47 48
A2k 3 124)7F F e A X F-de] AAEAA ¥
204 B 2ot 2 S9ES RAErh olRE Hal 31
A, &, AZe 3 FF % AEE delrr] 5o

p) 12412} 7¥H o2 A28 sl Wright staingd A
104 —m— 1.25% DMSO Al A3HFig. 2), =79 3$(Fig. 2A % 2B)=
\\, —— 320M TPA AY¥A4l promyelocytic leukemiaA X Y& &

sl9isz DMSOR 96412H(Fig. 2C) 2ejm TPA=

a 0 2'4 ym 7'2 gL5 150 ™ 48417 R =gt AF-(Fig. 2D} T0%e]4e] AX
Time in culture, hours of 41 7z} granulocyte ¥ monocyteF o2 -3}

Fig. 1. The effect of DMSO and TPA on HL-60 % S%&& & § i+ Monocyte2 ¥571 ¥
cell proliferation. Cells were seeded at a = A%e AEXC Axeicks fiaske) 23 EE AR

concentration of 7x10° cells per ml on o] olib], o]F A4 A (Fig. 3) 2T AL
hour 0 and cells were counted in he- ’

viable cells x 10° per mi

macytometer chamber. Viability was de-  48* 17t &<t vhtE flaske] ¥R/ A2 57}
termined by trypan blue dye exclusion.

Fig. 2. Mophology of HL-60 cells after culture with DMSO and TPA. Cytospin cell preparation were
stained with Wright's stain and photographed through a <20 or x 100 oil-immersion objective.
(A) control cells(x20), (B} control cells(x100), (C) cells cultured for 96hr with DMSO(x20), and
(D) cells cultured with 48 hr with TPA(x20).
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6hr, (C) TPA treated for 12hr, and {D) TPA treated for 48hr,

5%ulgte.2 Al thy-Beo) AErl AR UKo
}H(Fig. 3A), TPAZ 3% #=¢ HAtdxe (Fig
3B, 3C ¥ 3DpNRAIZlel Foigtel| wel R
AE57 Frlelgen ze)ln AEs) o ZeXE
Eofe B BF AH=r H4942 veigich HL-
604 27} granulocyte ¥ monocyteF o g2} £3)
Az & oo} B7] 9e)4] NBT reduction assay %
non-specific esterase test® A3 ZAA(Fig. 4),
HE2F(Fig. 4A ¥ 4C)9) A& 2z o 5% |5t
AZEo A FHE B d2Foeye] 24 A
gonj, DMSO W TPAR E3} FEg A
NBT reduction assay % non-specific tests] 2
e Zhz oF B6% W 95%AE oAl MElA ok
Auke-g Be EaHEE 3 SIS 4A =k
o] A Ei} =& Halg vbg 3ol 9 FA2
2] W e HESY-5 mabE g

Fig. 5= DMSO=Z #3 H=& % & total
RNAZ X8 % c-myc, c-Ha-ras, crafl 283
c-mos 34-F4=be] i8] Northern blot analysisg
& Aitelr}, GAPDHS Northern blot analysis
22y Hr]9%F & EtBr2 4% 285 ¥ 188 ri-
bosomal RNA 2 <zl a8 AHA2F o size
marker® AHE-84c} c-mycd A¥E $EHAE ¥
48A)7F FE] do] i AL B 4 dded,
c-Ha-rasg| B4+ 48417} 7hale gl da 471
szl 7247 & ¥El gbastzl AlsbEted 1204012
dell= HAY F4E Jepiiddeh corafl ¥ c-mos
g A%y WEE 9@ $3 FE7F AXA wayky
£ HAY S glodd.

Fig. 6& TPAR E3I+#=% ¢ Northern
blot analysis® & AF}elc}t c-mycdfdare] %
2 122704 28 €2 244§ et Welesd ¢
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Fig. 4. Differentiation effects of DMSO(A, B) and TPA(C, D) on HL-60 cells. (A} 72hr control, (C) 48hr
control, (B) granulocytic differentiation tested by NBT reducing ability, and (D} monocytic

differentiation demonstrated by the induction of non-specific esterase.

- s |
£ o . £ - = 5 E: E E o
s & 2 : © s E Z :E L, EEE SO Fed N O &
Py 28 8¢ dzepgtd zgeR &8 s R E
; AL T

§ C-MYC

.". oo . GAPDH

Fig. 5. Effects of DMSO on ¢c-myc(A), c-Ha-ras(B), c-raf(C), and ¢-mos(D) gene expression in HL-60 cells,
HL-60 cells were treated with 1.25% DMSO for the indicated times. Total cellular RNA(20 4g) was
hybridized to *P-labeled c-myc, c-Ha-ras, c-rafl and c-mos probes. GAPDH cDNA probe and
ethidium bromide staining of the gel were used as a control for the amount of RNA loaded.
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Fig. 6. Effect of TPA on c-myc(A), ¢-Ha-ras(B), ¢-
raf(C), and c-mos(D) gene expression in
HL-60 cells. HL-60 cells were treated with
32nM TPA for the indicated times. Total
cellular RNA(20 »g) was hybridized to ¥P-
labeled c-myc, c-Ha-ras, c-rafl and ¢-mos
probes. GAPDH cDNA probe was used as a
control for the amount of RNA loaded.
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HL-60A 25 o] FR FERegdd od
granulocyte, monocyte-macrophage, ¥ eosino-
philFe 2 E&5E 54% 715 qle], €4 AX
£ ad7el 713 28 A14EHz g HE2F F
olrp~®, 2gAut BaHrnEA 28 Bt f=
g HL-60A x5y Ao ARty 3 A4
WA E}E vhae 2ol itk HL-604 %57}
P o8 £330 frd o vebbs §4
a2 A7zt gle) dHREA Y BYe gy DMSO
Lof 2&l granulocyte® EIHE7 dohrl= AL
ol myeloperoxidase# 2, tansferrin receptor
uheie] 7ha-, superoxide ¥4 B0 & € 4 9
o] TPAZ 9# monocyte-macrophage® &
e dojibe 449+ non-specific esterase
442 &7}, acid phosphatased44¢] &7}, &a}=
Hef #itbo] ot g H 5 oqlgto, B A
e HL-60MEZFE Fifes o £33 5 2 A
E=F ol BaA flald AE B4 F PARE =
Alst¢dtd. HL-604 £33+ Wright stain*] myelo-
peroxide® %% azurophilic granule & %ol
sl s B 5 ded EIHA2E § Af
= myeloperoxidase@ A2 74 9 mRNAWR 9
#st2*® <14} azurophilic granule?) 74 E #3
T + glerw(Fig. 2), DMSOE |43l granulo-
cyteZ a8 et 74l superoxided ALY
712 ¥ 4 gl=d, NBT-reduction test#z} o
e wle "W H51E B Ada(Fig. 4A ¢
4B), TPAE ¢]%3+ monocyte-macrophage®
3 E3 Aol non-specific esterase? ¥
g 27} (Fig. 4C % 4D), 9 Eeagd R459
Z71E B 5 gleld B Ad#e| 7§ HL-604259
37t 3 598 Husgs 3w oE
dHHA} e AsE Ayt
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HL-60M 5= A4 937 AlZef w8l c-myc
gts-#A7 15~308 AE F=59] 3l mRNAS#
gy =gk FrkEo] ek, 5 e ddy Ax gy
aalE MEZE 2 A3 HL-60MEFA & 4
e c-myc dFHAY FFE E o gslen @A
burkitt’s lymphomadl gt o stf-A=Ee] o|a&
LAY 4+ 9o, HL-60AZF1AM 2] c-myc ¢H4
el FEe Qe YqFY F Bolq AHfelth
HL-604 %532 c-myc #3319 wge L3559
off whe} L ol B AYdME BIFE
& HL-604Z3dM% c-myc oH-&-3zte) wha 24
2 B £ glo] 99 Wright stain, Zabx=e 3
s 74}, non-specific esterase test, ¥ NBT-re-
duction test?] Zxle} ool £33 {FErb FEAE
& AlapEkd), oleldt c-myc sh-AARE 2y Ase
TPA %9 2# monocyte-macrophage® &3}
$r=% HL-604F50 sleis] DNAZAe] &<t 9
5o As2 dojaich £ A¥y Ay TPAR &
H4e® HL-60AZF= 49 e} o2 ¥3
7t el g B 4 dedFig 1,2, 3 % 4), A2F
A Aste] Wg DNAZA Y $¢ zejn £ A5
o 2§ c-myc shFAAS] e gRagh 9delvian
Azrsic), DMSO 3¢ Mg Agele oty 2
A9 AZE Qlgt el AFhe] Azfon] FAlM =
HElE AE T Aol #A2 gl i
HL-604EX5F 2] S4% oA Aol c-myc
hf-AAe] Wy AekE B 5 @7 R R g8
it B Adgel Ae-= DMSOE A 48417
o|Fof AZE Fal2 MaE #IY  glelew(Fig
1), o83 c-myc GF-AAE] Y| 4847 o]
o FAG A & 5 delFig 5) 3 1 43
b olufz} AXFAe oA gl DNATAY 5
tae gdscha Alsdd, ey Feded o
SA-AARe] e wEtel digt AYF 7lHL oA
Z me2w gled, TPAAEA c-myc o372 %
9 F4¢ A= TPAl 218 protein kinase C
(PKC)H =l&=lal #4e 7lalsfe A vl ¢4
INF-yof &8} #3 $529 A4+E c-myc sHR-A#
2] Uy Fh4st dde] @™, B3 FE B £
Felt ag Z1AEe] ¥ oh=Ee] =gk BgEe c-
myc sHHAHALe E3kele] RAE oA I A

oj}.

c-myc $-FAHAR: AE F49] e oticR
d8A sled, o] KUY WA oL HE FH
o of4 R ol FakA R M wEHE =AY
o, 2efeg o] JAHAMY Fe] WHE Reols HL-
60M L3 slojA BEfmA] HEY FAE 38
4 glt}. TPA+ PKCE #4334 c-jun, fos, ¥
myc 2 =7 @ {19 Ao FeFo] &
w glejuari, PKCE AlXguUe] FA= ser-
ine/threonine protein kinase®] d%e¢|d c-rafl
% c-mosg AFEE oo £, c-mose R
o gyAE Bu ol FFAZAME A2 Hd
o] ¥z ¢evlx 4214 3le mouse| myelo-
ma A EZFNA A5 Heof glEe] BuEe gloy
a2 71%5E ola & vae dae|o). raf ¢fAHA
& c-rafl, A-rafl, 282 B-raf ¢f4=s} 2%
#4¢] pseudogene(c-raf? 2 A-raf-2)5°] ¢teiz
gle v #H-o mitogen-activated protein kinase
(MAPK) kinase®] #44 #odgte] 2rEglch™,

ol B fv 3¢ AZE AFEA ojnte £
4 T4 AT 4 AgEA sz 27
F paAe] §Yo = HEUR 2B AFL HGF
A =k, B AL olel§ As AA F Az 2l
4= GTP binding proteing %3 c-Ha-ras ¢
A4, ras sHH-AAe] Fe] Yo F HAdEE 4
AA FHAel Foddt= serine/threonine protein
kinase®] d#ql c-rafl, 28|32 c-raflst 7150 H
AHgE c-mos#] WAL EAEIAT. o]2{F oA AY
e w3 4wind c.-Ha-ras®] 3%+ granulo-
cyte® EiH=dHE Ao o Frpsids) gt
3t A%L ¥go} monocyte-macrophage® 2
HHEg Aol 2T Ay FHy Fe)E B
4 ¢lo} Studzinski ¥ Brelvi® =23 Brelvi 4
Studzinski™# ##s} {43l c-Ha-ras -3
A7} granulocyte® B3 -Fx9 @-io] slg zleE
Alg gl 22 crafl @ c-mosdlde dlEF R
ok ojvjel REFETlA s wde] HAF R gho} o]
2§ A= HL-60M1X 2] Filele #A-de] gde
o2 Haldd, dAq o} g AL dg# B4 ofv]
gHEe] Foe crafl ¥ c-mositEEe| LIF=E
A Hejr] ¥Ast=Elo] serine/threonine kinase=Z
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& c-myc, c-Ha-ras, 28|13 serine/threonine
protein(STP} kinase”|5%& gl 27 e-rafl
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3 43 9% ARE del £ Asp 3} 557 AEs
£& galghgch 28 F ghHHAtY Uy HEE =
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