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Identification of Differentially Expressed Genes Using
RNA Fingerprinting in Cell after DNA Damage

Jung Young Lee, Min Sun Shin, Seung Myung Dong, Eun Young Na, Su Young Kim,
Sug Hyung Lee, Won Sang Park, and Nam Jin Yoo

Department of Pathology and Cancer Rescarch Institute, Catholic University
Medical College, Seoul 137-701, Korea

RNA fingerprinting using on arbitrary primed polymerase chain reaction (RAP-PCR) was carried out to identify differentially

expressed genes in HL-60 cell after treatment of methylmethane sulfonate (MMS). Twenty differentially expressed PCR

products were cloned and analyzed. We have successfully obtained eight partial ¢DNA sequences by TA cloning method.
Among these, six cDNAs were up-regulated and two cDNAs were down-regulated after the MMS treatment. Of these six
up-regulated cDNAs, 3 ¢cDNAs were equivalent to known genes in the GenBank/EMBL databases with 98 ~ 100% homology
searched by BLAST program: genomic DNA fragment containing CpGg island (clone 26h8), Human Rev interacting protein-|
(RIP-1), and human zinc finger protein-4 (HZF4). The sequences of the three remaiming cDNA were emirely new genes, bui
we didn't try to identify a full cDNA sequence. Two clones called KIAAQQOG0 and KIAAO06S, were down-regulated in HL-60
cells after the MMS treatment. These findings suggest that the RNA fingerprinting method using RAP-PCR is an effective
method which can identify and separate the differentially expressed cDNAs and that the isolated ¢cDNAs might involve in
regulation mechanism of apoptosis andfor cell cycle delay, especially a p53-independent pathway, in the cells after DNA
damage. But the nature of ¢cDNAs that we have isolated remains to be elucidated. (Korean J Pathol 1998; 32: 311 317)
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B0 A 2] (excision repair), AHZE 2] (re-
combination repair) v A A wWHeolfubel] ol
AR dea] gk msF ASAE  (eukaryocyte)©l
Sacchraromyces cervisiaeol| 4= RNRI (DNA 2-a)), RAD2
(Al al), RADS4 () =3} 78]), UBl4 (chelal B
4l CDCY (DNA 2§ E4) So] #2714 <te|Z DNA
T F FEse FAHANE geiA 9s Weold’ He
o] EfEE AFEeHE Ftellof vl E4 DNAEASD
S E FART s A7) A 2sbgich EH 4
A}z pS3e|cht p53e 9 chaizl g a] 2lA 4 DNA o
14 del] Aisted S4 KAzl AAE zAPo
N AEZAE ddshe $A42 SA 9o p2i,
p27, p373 ZH2 A Ae] ME S FolA) A HES) 9
28 Y522l cyelin D-cvelin dependent kinased/6 2
el Aghslel” MEFIE Gl7)e] v EA w7
PCNA (proliferating cell nuclear antigen)®} 232}
PCNA 2]ZF4 DNA 235 ojalele]’ AEF7] Qe
AL ebyH ol R A L9 BE bel2 B bar
SRS Walg 2Aslo] £45 DNAE 744 A2
S olERA AR AFgcha A ekt e pss
§4749} 4gle] DNA &4 & whale] Zrbeli 4
A2 glef o3k 442 DNA &4 F dofib= o
w2 AlERbGell pi3 v 8 EY HAEE Qo= 2E 9
el o7l Toddle FHAZE L} ezl
MyD1i8, MyDIl6 232} ¥ gadd (growth arrest and
DNA damage inducible gene)f} o o] 2ajx g
MR g o E R A ) A EEF] =3 9 DNA
Selel e WAL A B WA fARE
A& SHsA 4ot olginkn 47t

Al FaA wida] 4] E52¢] HL-60 (human leukemia-
60) A|EE AEF7|} LR 2 EHel| F2A0] o
g fhehn A ps3 RHAI} Hefslel e}
alkylating agent$] methylmethane sulfonate (MMS)E 3|
Selg W AEF7E AQUAY FEEA2E
e MEZ A g4 g

AAE DNA &4 3 delus d#e] A Euks
Z olE R A A, HEF7] Ao X DNA 2|d] o
e F32F 3 FollME Fo] ps3 vle]E4 2 2o 3
oAt HEF FHAE HolR7] flsle] DNA =45
A2 MMS & pide] Zeix|e] gl= HL-604]Eel] ol
§ wee] FrhelAt FAsls mRNAE RNA finger-
printing WhH o2 Zohfje] ol & FEYslm 74
& HAzle] HRAQ) DNASY <l7]4ed e vhelw E
Alell 454 A4 (homology search)& F3 HZ$
AxEE 4 A 7186 493 FHAEE DNA
=4 B3] At wHAE g B dE s
HAlskd o

Mz 3 g
1 MIZHHSF 9 2km|A 2|

HL-604|3£= ATCC (American Type Culture Collection,
Rockville, MD, USA)% K& Fslele] 10% Fefold A
o] S0l RPMI-1640 vt ell 4] wijokslqlon B
Ag2 2x10° cellml®] FEoll4 Agalgle 2E =
=7F 100 pg/ml=] MMS (Aldrich Chem. Co. Milw, WI,
USA)E Helsta 1417 3 A4 ekl oz 7o}
glav] wgkel s b A E MMS 22 14 7He R e
2417} 34174 Zh 7 M EE A wkelch

2. M|EZE RNA ==

i gk 2b Aol A M ER e AE
A RNAE FFsl7] $ele] NP-40 L&)]2<8 (50 mM
Tris-HCl pH 8.0, 150 mM NaCl, 5 mM EDTA, 0.5%
NP-40, ImM MgCl)& H7halo] o1& loll S5 £4l
ch. 4°C 14,000 rpmell A 1042 {14 2elste] AFNg
5 vhg phenol-chloroform extraction2- 2] 2] %F 3£ of|g}
2 RNAS A A7 e 10 U DNase {Bochringer Man-
nheim, Indianapolis, IN, USA)E #7bale] 37°Col| 4] 214
7F wijskstk 3 clA] phenol-chloroform extractions 4 A]&)
of eflghg& 2 HAA]F) 50 Diethyl pyrocarbonate (Sigma,
St. Louis, MO. USA) ¥ 2% Sell 5o 260 nmel]4] =
Ea FET 5 -20°Cel 4 b5 A¥e] g9lE ullal
Habshelch

3. cDNA EHM

th23b 2hzhe] Alghel]l 2a)k AlE2 RNA £ 2 ug
4 sked 1 pl2] olig (dT) primer (1 pMIS} 1 ple] MMLV
reverse transcriptase (Life Technologies, Gaithersburg, MD
USA; 200 unitsful) & o] Bafe] 2 pl ANTP &l (5 mM)
EA BlellA 42°Cel| 4] 1A 7F WEE-A]# single strand
cDNA templateg ¥HE 5 75°Cell4 10327 Fof vbog

TERAZ ol T ARE Fuel £71 ¥ FHFE 10
ul 0wl 7Hzb s Ajsied —20°Cel| Malbelgic)

4. PCR fingerprinting 22

106 9 40ul 2 243 1yl cDNAS F¥ ez A1 E
slar primers= 1 pl arbitrary primer (20 pM)&} 1 gl oligo
(dt) primer (20 pM) == arbitrary primerv|2] =%-5 &)
2w (Table 1) of 7]el] ANTP E3lel (FFFE 50 uM)
o} [a-"P] dCTP 0.1 ul, 23] 5 71 7}2] PCRe| fo|a}#)
2}7] Sl3le] 16 pl2] Swoffel fragment Amplitaq (Perkin
Elmer, San Francisco, CA, USA)2F 1 ul2] Vent, (New
England Biolabs Inc., Beverly, MA, USA)E 4330 of 7]«
15 pl2] TagStart Antibody (Clontech Lab, Ine., Palo Alto,
CA, USA)S 412 & olF 04 plE WolFgich PCRE
2 3 cvele® low siringency condition© 2 &}7] 9 shod
annealing temperature5 40°CE &} T o5 25 cycle™
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Table 1. Primers for RNA fingerprinting using arbitrary primed PCR

Arbitrary primers

Pl S-ATTAACCCTCACTAAATOCTGGOA-Y
P2 5-ATTAACCCTCACTAAATGCRGGAGG-Y
P3 S=ATTAACCCTCACTAAATGCTGGRGG-3
P4 SATTAACCCTCACTAAATGCTGGTAG-3
P 5-ATTAACCCTCACTAAAGATCTGACTG-3
P6 SATTAACCCTCACTAAATGCTGGGTG-3
P7 3-ATTAACCCTCACTAAATGCTGTATG-3!
P8 S-ATTAACCCTCACTAAATGGAGC TGO -3
P 5TATTAACCCTCACTAAATGTOGGCAGG-Y
PIO 5-ATTAACCCTCACTAAAGCACCGTCC-3

With 10 arbitrary “P” primers and 9 oligo(dT) primers, it has 90

annealing temperature F 60°CE &) SF9lch 9o 4] 12
ZF HhE-4bE 2 ple] 2 pl formamide-dye mixturesS- 412
F 94°Cefl 2271 Wi Alsted 6% polyacrylamide sequencing
gelell 4] 44) 71 5o # 7]ed sl Whatman paperel] gel
& A=AF] F Xoay filmel] =47}

T2 TA cloning kit (Invitrogen, San Diago, CA,
USA)E AHislgich M2 e %5 455 e gel
ofl 4] Belate] o= 50 pl2] 10 mM Tris-HClj1 mM
EDTAelA 100°C 587+ #* & PCR fingerprinting #+-2-
T FRE primers annealing temperature 60°C, 3028 =
FAZiek, PCR vpA et chAlell A} 1047be] ol 2ha) kg
o Taq polymerase2] nontemplate-dependent activitye]] 2]
3l PCR AHE2] 3 endel] #}1}2] deoxvadenosinee] =7}
XS shedch Vectorys lac promotorg} lacZa fragment
Abolof]l PCR product?} 44 =Al #}3 9b&ol] EcoR 1
site s ZHe pCR™IL veetor & AL &aigdch = 1 ple] 4

A8 PCR AHEE 2 plo] 44242 pcR™I vector (25
mg/ul}Ek 1 gl T4 DNA ligase (4.0 Weiss unit) 2 14'Cel|
A 1247 Auke Aok 50 g2 One Shot™ INVaF
competent cellell 2 pl2] 0.5 M [-mercaptoethanol-& e
F %240 APHS EREES Yol & ohe UL
3087k b2 5 42°Coll A 3027 dAAFE Fo] W
4 (transformation) 4A]F1 F b4 28 ol 2. £
olof A} 450 ple] SOC widjelE HWoj 37°C, 225 mpme)
rotary shakerell 14)7F ¥hx|sbeic). 50 == 200 gl -
# dhgglel S ampicillin (50 pg/ml)3} X-gald 531
LB agar platecl] & Al7] & 37°Cofl 2|4 184 7} wifek
s ohA] 2342 B 0ol AR o) F 3
A FEE 47 6704 abA kanamycin (50 pg/ml)E 3
w4k 3 ml LB brotholl 4] 37°C rotary shakerel] vk sljol
Sl o] YR 100°Ce|A] 108 A F A E AR
s15i 6l arbitrary primerZ o] &% PCRS #}o] 43 |5

- x — e

OligofdT) primers

Tl 3 -CATTATGCTGAGTGATACTTTTTTTTTAA-Y

T2 S-CATTATGCTGAGTGATATCTTTTITTTTTAC-Y
13 S-CATTATGCTGAGTGATATCTTTTTTTTTAG-3
14 S-CATTATGCTGAGTGATATCTTTTTTTITCA-3
15 S-CATTATGCTGAGTGATATCTTTTTITTTOC-3°
TG F-CATTATGCTGAGTGATATCTTTTTTTTTCG-3
17 S-CATTATGCTGAGTGATATCTTTTTTTTTGA-3
T8 S -CATTATGCTGAGTGATATCTTTTITITTTGE-3
19 S -CATTATGCTGAGTGATATCTTTTTTTTTGG-3

possible combinations of upstream and downstream primers.

& gelsigieh
6. §IIMY 2

4Fel o] Eolx plasmidel] 4 M-132] 2k primer$} Se-
quenase treagent Kit (United State Biochemical, Cleveland,
OH, USA) @ deoxvadenosing 5'-[a-" Sthio triphosphate
(Amersham, Litle Chalfont, Buckinghamshire, UK)S A&
ste] G719 S4Esch W4 GrIMEe dE54
e ele]ule Esle] NCBIS] BLAST Zaads
o] f-ale] 7] 4fs}glc),

7. antisense RNA probe H|E

in vitro A= Ambion Maxiscript (Ambion, Austin,
TX, USA)E el &alsleh whulelels S & eldt
plasmid-5 Hind I1I {Bochringer Mannheim, Indianapolis,
USA) & Aekdk 3 phenol-chloroform extraction-g 4 2] 3}
a, ollghE g AAAZ & TE sh5idog | pgmle
7} = A dsdek 1 gl S5 7.9 pl 10X transcription
buffer, 10 mM ATP 1 yl, 10 mM CTP 10 mM GTP 1 pl,
10 uM UTP 0.1 g, [a-PY]ATP 4 pl, T7 RNA polymerase
2 uls Hrkste] 37°CellA] 12]12F E-eF in virre transcrip-
tiong AAlstgich F8 DNAF #7317 $)3}ed 2 U
DNases H7hslo] 37°Cofl4] 158-7F whA#ch 6%
denaturing gel Hell 4 §h4 5] RNAS Helgh &£ W= 5
Aekate] FEaieie

8. KNase protection assay (RPA)

RPA= RPAII Kit (Ambion, Austin, TX, USA)S o] &
ste] A2lstgich MMSE A7) M2 Ha)s Iz
TE F=E3 AER RNA 30 pgit WAse® ExE
antisense RNA probe | ng& ¥4 g2 3 244,
gl 20 plef] H9ic)h 200 ple] 5] 4§ RNase 8-
< Arlele] 37°Cell4] 3087 T F olgkZe] &
Dx 28 300 pl& el —20°CellA] 2087+ Feiu}. 4°C,
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14,000 rpmedl 4] 1587 5l ebe] HA ATk, gel
loading buffer 8 pl2 =glck, 90°Cell4 337 v A A]H
denaturing geled 4 #hola}glc)

N

10782] arbitray P primer2} 970 2] oligo (dT) T primer
o] &led g07ll2] =dte] 7lswlsdcl. o] primer =%t
S o] &8 RNA fingerprinting Wil Aj3fal] & A3} of
400i72] Wi Fo| dizFiEch We] Frhe] AV

o e

o1 2 3 o123

T
: - -':Ii!. -— I B "{
gt -_ . -— j_r!l i ] 1

Fig. 1. The differentially expressed transcnpts demonstrated by
RNA fingerprinting using RNA arbitrary pnimed PCR{RAP-
PCR). HL-60 cells were harvested at 0, 1, 2, and 3 hours after
reatment with 100 ggfml of MMS (0 control; 1, one hour; 2,
two hours; 3, three hours). Two autoradiograms indicating RAP-
PCR products displaved on 6% polyacrylamide sequencing gels.
Arrows indicate abnormally up- or down-regulated bands after
MMS treatment,

£ zhaal glelo)l. Fgo 12 RNA fingerpringting4] 2
ol Z7} wE 1A AES Bof F2 gleh o
Zold e primerz A wHEaA} 5447
cDNAGA & A& eg T dde] HiE Hof 4]
Mg F s 2070E AAseicl LB agar plateod]
A Zgh competent cell- - 20~30712] F=hs HAdw
o o] AubA Sefl A WA FEhE Kgloaw vpeA]
= ¢ A e 7 hakabe]dnt AR H i
o] & wiay #ehof|ajnt of 6742 2fFHele] LB broth
ofl /] Z4] Alzich 4Fgie] 3el= 15782 plasmid vector
= oolo] g7l E skl dEa dAs 24 s
glom o] £ 2] Hs5 RNAL Alu sequence 5] 2]41x]
=Y F2e drlaa HFEHeE s S22 ¢
7 Eokel. ol 82 FEL 277 1504 200 bp
A% gov of F 5Fi7e] FES GenBankel HiE|
o] ¢l &2z HFHALL 96% ol HEAE Hel=
partial cDNA ¢l ov] oA 35Fe] G882 7|5 &
2 g@ze} 7 o] homologyE Holx] ¢ =g

#l

#9

#12 pres

Fig. 2. Gene expressions of 26h8 (# 1), RIP-1 (# 9), and HZF4
(# 12) were examined by RNase protection assay. Cytosolic
RNA (30 pg) isolated from MMS treated HL-60 cells at indi-
cated time (0, 1, 2, and 3 hours) were hybridized with [“P)-
labeled antisense RMA probes specific for each corresponding
cDNA, and digested with RNases. The protected fragments were
fractionated by electrophoresis on a 6% polyacrylamide se-
quencing gel and standardized with reference to the level of
GAPDH (glyceraldehyde-3-phosphate dehydrogenase) mRNA(C).
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Table 2. Differentially expressed genes identified by RNA fingerprinting in HL-60 cell after MMS treatment

Clone Expression pattern Homology Known gene
| increased 08 % 26h8, DNA containing CpG island (Ref 15)
2 decreased Q6% KIAADOGD, human mRNA (Ref 27)
7 increased none none
R decreased 07% KIAADOGS, human mENA (Ref 2T
9 increased | 0% RIP-1, human Rev interacting protein-1(Ref 18—21)
L increased nome nome
11 increased nonge nome
12 increased 100% HZF4, human zinc finger protein-1 (Ref 24--26)

cDNA a37]49dgl& & 5= glglch (Table 2). 7]l <
27 S 3 MMS Hx F oubdle] Zalsls 3EE
& RPAR vhA] #hqle] 2 A3} EFoll4 RNA finger-
printingo] 4| 8} Fre] vbgle] F7hhE st (Fig. 2).

i #

oful A 28 FAlzE 2] 36k v o & subtractive
hybridizationo| L} plusiminus sereening 52 748 2]
o] Hile] Al8Ee] fred} <t mRNA  differential
displayL} arbitrary primers ©]-8-8F RNA fingerprinting*
Mol AsE s olck ™ e} mRNA differential display
Hbe] 5 ob % primer 2 PCR 2712] 74 Se g & A
fo] Bl In vitrogen 2]AF2] RNA arbitrarily primed
polymerase chain reaction (RAP-PCR)2| Apfo| #HAH &
7halar gli= FAle|ch. RAP-PCRe]] 28k RNA finger-
printing®h -2 27 o]-gd2] HE FHckghe] 2] EHE
= FAARE Lol Fopd 5 e WHoeREM ar

bitrary primer2} T primer2] E‘f'-ﬁ.}ﬂ! 907 o] ?}%ﬁ]-“ﬂ
el 7} primer set vpcl 408070 2] band 5 W F
alo]a HA|= 36000 Z2XE whAlys 720002 RNA
WES fehow A + 9l £ wilelch uhel
A B oodJte]ls e}l o] DNA £4EA S Foddt 5] <
2] W E s IiES SRl 1 “’d?lf’ﬂ“-’: b o]
Zo| 7|Eol| A3 FA AR o}F] oA 9dF] o
,.i.]:| -..___'?- _ﬁ.,qn-'l_:{}ﬁ]j] E AI-_:.A‘EJ ?]A_I-'I _1'.-_3-]],:-1 r-:r?'ll- ::"-;.r]. ﬂ
s war opuet JlEel SejA A sriehs
DNA ©43h Balg A7 B3 HAE Ase] vl

47} gl= #olc)

DNA=]| i“ﬂ] f'l-i::“?l]”‘l ch]H Ho) oz 0 ule
o] Fazshedl], ¥ FHAET 281 wWile] Frlet
= iAol ":‘,113} of gl A Hl Hﬂ] 75 = RS
= DNA £44el] dizl '*1:11*'5:1“ = thAslatal s Al
Ee] FEFH vbselu}l & 4 vk ]2 E DNA &4
& 7hak & "’Hﬂﬂl E'?FH A8 Ag - Hepiciad of
EE wAA A, FAA BE, ofEEA L, AEFT]
=73 5ol % 01"# 7Hedel W FHAY Aok £

Aol 4= 6712 FEo] MMS ¥z F wide] F7ls}
,-iﬂL a FollA ae] FEF obETA] Ma 5A g
+ A e A e S22 7lEe] Hasl
AR el BF 96% eo]ielwirt

W qtell4] Wae] Fylsle F2 F 26h83 Mac-
Donalds  (Humquery @sanger.ac.uk)e] GenBankell clone
26h8 (HS26HER)Tl= o] Fo & A3 553 genomic Mse
I fragment=. CpG island5 7F2| 30 9l4= 281 bp =7] 2]
genomic DNASF 100% 4545 Hedch MSe 1= CpG
island WHell= " 2§l TTAA 7145 04l Al
gt H o7 o fell o] AR genomic DNAE A=m
abm] A eb2 CpG islandE 714 DNA =208 <l & =,‘=
E1i=3 iﬁ-’;- HAEe A% (genomeye =A FrhA| K
2 s 9 9l 50100 bpulcl CG 47| 4 g e
L s mﬂh}']ﬂﬂm Hol e ZF 9% et
10 bp vl CG 7] A de] 855%™ 4 methylation 5] o]
A4 g2 A 2%)eE s -’F ok el 2
methylation®|e| 914 %2 494 AEoe] 53 Fag
] o] 5 60% o]de] ARl -F'r%ﬂﬁlal[rﬂ CpG island &
At glew o] CpG oislandufel] o fFHA}2] Taw
B |7 A do|} e AL 33 A e WA
o|4F2] exono] fx ek a2 g CpG oislandS ZHs
DNA 275 et 74 HH5L we 35
mRNAo 4] ¥ 53} cDNAZ] 5 B.8)7} 5= H57]
Eaju] o2 So] n§ FAAY] Lz RE eiz]Aeol
1} 5° start codond #hsl=d o} f8alA A8EL”
B oalqtol A W e] ;?Pﬁ.t 26h8 TE 7| & AdeF
cDNAg} ¢ddte] gle FEolel4 DNA 4 F ofd
oths o FielAlel] e A ol ilen
26h82} 3 E cDNA7F b ad-tabel] 2l s el W
A 715 7IE ol

ol 2% RIP-1 (human Rev interacting protein)<= hu-
man immunodeficiency virus type 1 (HIV-1) »}e]g] #-2]
Rev thel (retroviral regulatory protein)a} Zghs} = chwy
o|th. Rev chul2 aifoll4 HIV vlo]g]s = chelE
Felslat gl HIV-1 mRNAZ Rev response element
(RRE)2] e RNA ai7]A]def| Z3tsle] Rev-RRE
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ribonucleoprotein S-4H4|E o] £o] nlo|d 2 RNAS )
HERE AFEEE o] FAF]=d Faglt s g
i gkeA ik HIV-D FReda|Zely 4E2A2 e
RNAE 2o qh5o] viriond 9HETE” a2|mz
Rev thifo] glowl wolajz RNAZF AEAUE 1o
A Zak3 wjold] sElP e nlelelx 4o oA
=" Human T-lymphotrophic  virus-12] Rex thui®
Reviduls} §Abgt 7)5-4 dhoba a4 glok” ey
Revi} Rex thflo] RNAZ] #-A 2 o] Fef] ofedg 3]
71 fl3l A e SFAE2] ojwl Hzchule] Reve|r} Rex
chef o] Adedod (activation domainjel] Z§HE- slejolut
Elopar ekfa] glek of 7)ol Geh= Hzclwle 2= elF.
5A (eukaryotic translation imitiation factor), Rab (Rev) Rax
activation domain-binding protein), hRIP (human Rev inter-
acting protein) 5o| glow] 2 A#o4 8 RIP-1E
o}7)ol 4Heh " o] Foll4] Rabe} hRIPE &4 7
FAA2 el 9o n) Wl nucleoporinghul 7 45
g Hola glvh’ Alela)Lej 4] mRNAZ] & £
o] 571 F el el A2 dEld glA] 2 #aA Rev/Rex
S} o] 53} Aget Bxthule] kel g ol 7
+ mMRNAZ| -4 57 o|Fef] Fagh 7|5 24E A
wotelel oA F ek <t retrovirus o] A E7L opd A
FAEel| A E Rev ghifa} 213 shale] b3 A 31 g
20% FMAE FAA L) He| FRY FHE
Algstelel Azbech ™ B Aglol] A MMS x| &
de] F7HEE RIP-1E DNA £4 F doji}b= o} T84
b AEST] 29l o DNA 2] Fof| fhefs}i= §4
Aol Wl Folel] ghglgloele} o]4te] = z2]uk @ a)nt
2 Wel gl Ao g ol r| 7t ol e gog A
| el 4] mRNA @M E7] o]E57]He] A uhy
Aul DNAZL 44 Hhe Al Eol|4] RIP-lo] ofwl ojahg
a zlela] v Ale)dh

ofdl AATL WHHA AL AAzd 23
(transcription factor)e|2}at = ! #}2] gl Se] u)
Helaa shz 54 fAxe] Z2me 290 Ags
stojobut DNARZ HE] RNAZ #HAbv) A zscl e
oG A HA=A FHo] AealA 543 DNAS =2
= H9lE ol4shy AgeheAel vl BeAEel
3 Fob Tl kel 19854 MillerSo| tran-
scription factor 1IIAe)] 4 Zine finger domaing ¥Hs Wl o]
HE Y Zine finger thfAEo] Wslglon ofF o
Wrol Az BAZ A4ohe Aoz vy A
HZF4 (human zinc finger protein 4)v AbrinkSol] 2]a)
A GATEANE BoeiTe Buw ALHD 9
= U937 A|lEEoA] DNAS Helelelon] Krippeld
9] zinc finger protein2 3 Bed x| =kl 8924.32] c-
MYC A2 2 dell f2sta 2= ez Lo
Qek5" HZF49] 7)goll ik a7} ob4 943 o) %
o2 A gkgten} o] 4] ofEEA|4L} DNA ol
FaE FH72] mRNAY ol g4 HA=E

A% Beleel oA

2 QoA s1Ee] AR fAAelA MMS H
I RNA vRo] 7hisls cDNARZ= KIAAMGDZ KIAA
00657} glew] o] 52 B Ak uldds Fasak g ESE
9l KG-14|ZEel4 Nomura'sell 2] cDNAZ}F uh3
oh 2@} DNA E4 & uitlo] s AL A%
7V Folrpd e wEe] ghathy oly] wFell a4 e]
{28 W ¢n & 72 ookl

7|5l A2 b2 fFAHAlo|m A DNA $:4F &
Hale] Srbels S5 3 (7, 10, 11l A2
DNA F#H7bglell 58] gler} long RACE PCR bW o
2 A cDNAE W58 & A%y 3hA] gigten] o2
o2 el] 28] GenBank deo]E] we] 4ol S25 iz}
Z] #7148 A4 A4S s Alee Raak g

= =

DNA &4 F elvhs 4] AEnksd £43
DNA7} =2lsd w7l 2] HE257)70 2w} 24
F 9E w o TEALE MEQRA A, o
g e g A Qaella] E w] $HA W
QA% oF WAG AT TR MR qhSo|u).
e} obH e o A A el A sletsta 9]
Joapch

& e DNA &4 F defuss ol nA s, A2
F7] A9l e DNA Felo] The] sl S22} 1 o
AE 5ol ps3 vl ol &Y 7wl Holats AEs 44
A arEEAY Z]Ed A fAERE el
DNA £43} 3 A4 34k $424% uhe waa) o)
Gk DNA =4 =319 methylmethane sulfonate® ps53
o] Zei%|o] 9l HL-60MLol] Foigh 5] walo] =7}
sl7Lk 7HAshi= mRNAS arbitrary primed PCRE o] -2}
RNA fingerprinting W] o 2 <tollje] o] 2 S gvlala
WAL E £ 2 e A5 Aslgl en RN-
ase protection assay & Fate] vhEat P Hals olgld,

methylmethane sulfonateZ HL-604] Eeof] 2] 2]8F 2 b
He] S7hshe ellg] S22 U] ghis= 29 2
5 9ok 4dle| Frksle 8 67 F = AE
off #1141 DNA S37] Al ) 98% o]4bo] 4548 Hgl
o of ez CpG islandE ZH= 26h8 genomic DNA,
human Rev interacting protein 1, 12| 5 human zine fin-
ger protein 49th, o] 53 E4% RNase protection assaye]]
2)&ll methylmethane sulfonate ]2 3 ulde] =s)ulo
chAl #elgh = slelch yolz] 3328 7)1Ee] £33
ok GEAE Hol7] g AEE FHAGE gk
DNA =4k 3 7hAalis S22 KIAANG0 2 KIAADDGS
human mRNA2} H-=415 Haloh

o] 22 HI 2 arbitrary primed PCRS o] 831 RNA
fingerprinting W& A 29 425 H7loll £2 v
Holebe 218 §F 7 dglen} B s Sl DNA &



Aab gelAdo] gickar #aiAl fAHzRSel At FE
77} ok wlujste] ofF FAHAFo] DNA &4 F ¢
ofub= Pio] HEHSelA ojd &3 & Ut
e "HAzs FEE77 o2 de) oS fAAE
o tigt A&z FH2A7 275k

g n 2 #

il

i

. Fomace AJ Jr, Jackman J, Hollander MC, Hoffman-
Liebermann B, Libermann DA. Genotoxic-stress-response
eenes and growth arrest genes: gadd, MyD, and other genes
induced by treatments eliciting growth arrest. Ann N Y
Acad Sci 1993; 41: 139-53.

. Chiow Sk, Rao L, White E. Bel-2 blocks p53-dependent
apopiosis, Mol Cell Biol 1994; 14; 2556-63.

3. Weinert TA, Hantwell LH. The RADS gene controls the cell
cycle response to DNA damage in Sacchromyces cervisiae.

Science 1988; 241: 317-22.

4. Zahn Q, Carrier F, Fomace AJ Ir. Induction of cellular p53
activity by DMA-damaging agent and growth arrest. Mol
Cell Biol 1993, 13: 4242-50.

5. Fntsche M, Haessler C, Brandner G. Induction of nuclear
accumulation of the tumor-suppressor protein p33 by DNA-
damaging agents, Oncogene 1993, 8 307-18.

6. Waga 5, Hanmon GJ, Beach D, Stillman B. The p21 inhibitor
of cyclin-dependent kinases controls DNA replication by
interaction with PCNA. Nature 1994; 389. 574-8.

7. sherr CJ Cancer cell cycle. Science 1996; 274: 1672-77.

8. Zahn Q, Bieszczad CK, Bae [, Formace AT Ir, Craig RW,
Induction of BCL2 family member MCL] as early response
to DNA damage. Oncogene 1997; 14: 1031-9.

9. Sheikh MS, Garcia M, Zhan ), Liu Y, Fomace Al Ir. Cell
cycle-independent regulation of p21™ "™
stoma protein during okadaoc acid-induced apoptosis s

[

and retinohla-

coupled with induction of bax protein in human breast
carcinoma cells. Cell Growth Differ 1996; 7: 1399-607.

10, Zahn Q, Fan 5, Bae [, Guillouf C, Lieberman DA, O'Conner
PM, Fomace Al Ir. Induction of bax by genotoxic stress
human cells correlates with normal p53 status and apopiosis.
Oncogene 1994, 9 3743-51.

11. Varrapandi M, Balliet AG, Fornace Ir Al, Hoffman B,
Liberman DA, The differentiation primary response gene
MyDIL18, related to gadd45, encodes for a nuclear protemn
which interacts with PCNA and p21"*"™"™"™' Oncogene
1996; 12: 2579-63.

12. Jackman I, Alamor [, Fornace Al Jr. Genotoxic stress con-
fers preferential and coordinate messenger RNA stability on
the five gadd genes. Cancer Res 1994, 54: 5656-62.

13. o] A &, o] 5, F54 & +HAEY 240 &g olEER
A A8} A ESE7] Aol N gadd T ps3 FH 2 o 1

o4& 5| 79 DNA EAAZal 0] o4 Wil g4 327

14,

15.

16.

18,

19,

20,

21

22

23,

24,

25

26.

Thy 2| B3 %] 1998, 32: 239-47.

Mecleland M, Mathieu-Daude F, Wdlsh 1. RNA finger-
printing and differential display using arbitrarily primed
PCR. TIG 1995; 11: 24246,

Cross SH, Charlton JA, Nan X, Bird AP. Purification of
CpGg islands using a methylated DNA binding column. Nat
Genet 1994 60 236-44.

Cullen BR. Mechanism of action of regulatory proteins
encoded by complex retrovirus. Microbiol Rev 1992; 56:
375-54.

. Emerman M, Vazeux R, Peden K. The rev gene product of

human immunodeficiency virus affects envelope-specific
RENA localization. Cell 1989, 57: 1155-63,

Bogerd HP, Fridell RA, Madore S, Cullen BR. Identification
of a novel cellular cofactor for the Rev/Rex class of re-
troviral regulatory proteins. Cell 1995; 82: 485-94,

Jones T, Sheer D, Bevec D, Kappel B, Hauber I, Stein-
kasserer A. The human HIV-1 Rev hinding protein hRIP/
Rab (HRB) maps to chromosome 2q36. Genomics 1997, 40:
198-9,

Bevec D, Jaksche H, Oft M, et al. Inhibition of HIV-1 re-
phcation in lymphocytes by mutanis of the Rev cofactor
elF-3A. Science 1996, 271: 1858-60,

Fritz CC, Zapp ML, Green MR. A human nucleprotein-like
protein that specifically interacts with HIV Rev. Nature
1995; 376: 530-3.

Huang J, Liang TJ. A novel hepatitis B virus (HBV)} genetic
element with Rev response element-like properties that is
essential for expression of HBV gene products. Mol Cell
Biol 1993; 13: 7476-86,

Bray M, Prasad 5, Dubay JW, et al. A small element from
the Mason-Plizer Monkey virus genom makes human immu-
nodeficieny virus type | expression and replication Rev-
independent. Proc Natl Acad Sci USA 1994; 91 1256-60.
Miller J, McLachlan AD, Klug J. Repetitive zinc- binding
domains in the protein transcnption factor IIA from Xeno-
pus OOcytes. EMBO 1 (EMBO 1) 1985; 4: 1609-14.
Abrink M, Aveskogh M, Hellman L. Isolation of cDNA
clones for 42 different Kriippel-related zine finger proteins
expressed in the human monoblast cell line U-937. DNA
Cell Biol 1995, 14: 123-36.

Kas K, Wlodarska I, Meyen E, Van den Berghe H, Van de
Ven W1, Assignment of the gene encoding human Kriippel-
related zinc finger protein 4{GLI4) 1o Bg24.3 by fluorescent
in situ hybridization. Cytogent Cell Genet 1996; 74: 297-3.

. Nomura N, Nagase T, Mivajima N, et al. Prediction of the

coding sequences of unidentified human genes. 11 The
coding sequences of 40 new genes (KIAAOO41- KIAADDEQ)
deduced by analysis of cDNA from human cell line KG-1.

DNA Res 1994; 1@ 223-9.



