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Identification of Zine Finger Genes that are Differentially Expressed
upon Apoptosis of Ramos B Cells

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

Deapriments of Pathology and Cancer Research Institute, College of Medicine,
The Catholic University of Korea, Seoul 137-701, Korea

Typical programmed cell death requires de novo macromolecular synthesis and shares common morphological changes referred
to as apoptosis. To elucidate the molecular mechanism of apoptosis, we isolated 13 ¢cDNA clones of zinc finger genes that
are differentially expressed in calcium ionophore-induced apoptosis of Ramos human B cell by ‘targeted RNA fingerprinting’
protocol (Stone & Wharton, 1993). According to DNA sequence analysis of the 13 cDNA clones, three clones are identical
with ZNF7, ZNF143 and MTB-Zf, respectively, and 8 out of the other 10 clones showed partial homology to known zine
finger genes. Differential expression was confirmed in the three known zine finger genes by ribonuclease protection assay.
ZNFT and ZNF143 are up-regulated after induction of apoptesis, and, in contrast, MTB-Zf is down-regulated. According to
the previous reports on these three genes, all of the three genes have been suspected to be tumor suppressor genes, but their
functions have not been identified vet, Taken together, our results suggest that many of the novel and known zinc finger
genes might play important roles in regulation of apoptosis and that these findings also provide clues as to the functions of
the three putative tumor suppressor genes, ZNF7, ZNF143 and MTB-Zf in terms of apoptosis. In addition, the isolation of
7inc finger genes by targeted RNA fingerprinting could be a straightforward approach for the identification of novel candidate
eenes associated with apoptosis, (Korean J Pathol 1998; 32: 1043~ 1048)

Key Words: Apoptosis, Zinc finger gene, B cell
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Hurkitt  lymphoma  #]22] &]F501 Ramos  cells
REMI 640 (Gibeo, Lile TLLhnnlug\f Lid., Paislcy, Scotland)
(O%FCSof A wleksle] M2 w27 %107 cellsimlo]
Bl . ﬂ‘ﬁ'-f_"-llﬁﬂhl AZFIHT (Sigma Chermical Co,
Puole, Dorsel, GBI 500 nM 4 2]3} 0, 147, 22]7H, 4
Alzhe| Aobst 2el] A)EE or]efed AlFG] ALLsl ol

ol FLEA] A whaB ] el L 25 ) el suspentions]] 1 pl
dyc (100 pgfml acndine orange (Sigma 5t Louis, MO),
10 pgfml ethidium hromide (Sigma St Louis, MO))E H ?]
shof 2 4l W Heldes Adued (Fg 1

2, Cytoplasmic RNA F5

AZINTE Ha gk Ak ATbed] wh) (control, A0 min,
| hr, * hr, 4 hr) r*]-lj-_?_v.—L-: cyloplasmie RNAS S306]
2], A2ZRTE Ml Alxs 28 obE NP-40

lysis boffer (30 mM Tris-Cl pH 5.0, 150 mM NaCl 3 mM
EDT.J‘I. 0.5% NP-40, 1 mM MgCL)E Hokste] o191

Foloh 4°C, 14000 mpmell 4 1027 S 4 Rl
'ﬂ 1—'1&_1]~_, T2 b, plenolchloroform extractionS-
A AEF 3 ethanol2 RNAS A& 3Ho 2ol wal
RNAZE cytoplasmic BMA 202 o] 10 1] DNase {Boehringer
“annheim, Indianapolis, INyE 3Hrbalo] 37094 314
boeflekst & LA phenol-chlotoform exractionS 4 4]
Sl ethanol = A7 2@ DEPC 2 alx] 2ipel] &3

Al
3. Targeted RNA lingerprinting’

cDNA BHASE S5 primer® 671 2] arbitrary primerS
Adskgla, ol 58] il S whga) b
APLI-GAGAGCTAGCTTN{AGC NGOICT TTAGT,
APZ-GAGACGCTAGCTTGAA(GOGTICT G,
APF-CAGACTACTTAGTTIGOWGCTG.
AP4-GAGACTAGCTTACCIGO TACG,
APS-GAGAGCTAGCTTATCATIGCACC,
APE-GAGAGCTAGUTTAGGIGO ) TCAGA
2.5 g RNA, 10 oM arbittary primer-3 70°Cell 4] 105-7F
o -, 5x first strand buffer, 10 mM DTT, | mM dNTP
mixlure, 200 U Supersenpe 11 981 A8 (CIBCO-BREL,
Life Technolooy Lid., Paisley, Scotland)S " sbafed 47°C
ol 4 zhAlgb Fab wfaksle] oDNAS A alzdc) =7
A Fanm el AT fel WCel A 1582 v

V. 57 primer R zine finger maotif2] Hats]e) g

Fig, 1. Mucleur condensation of Bamos cells indoced by caleiom
wnophore, Untreated Bamos cells (A) and cells freated with
AZ3IET ([00 nMD) for 2 h (B) were stamed with ethidiuom
brommice me acridine oange, and nuclear staining of cells were

cxamined with a fluorescence microscope, Stained muclei were
photographed at a magnification of =400, Nuclel of unlreated
cells showead 2 typically even and mounded fluorescence pattern
(A whercas cells with condensed andfor [rasmented nocler were
evident in calcium 1onophore treated cells (B
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Het=F A2l 4709 specific primers 483191, of
9 471492 o3 Eeh
Znl-GTCGTCGAATTCCAICTIACIACTIGGIAG)GAAAA
ACC, Zn2-GTCGTCGAATTCCA(CTIACIACTIGGIAG)G
AAAAGCC, Zn3-GTCOTCGAATTCCA{CTIACIACT)GG
(AG)GAGAAACC, Znd-GTCGTCGAATTCCAICTIACIA
CTYGGAGIGAGAAGCC

Specific primer2} o]v] cDNAZHA] AE3F 6719 ar-
bitrary primerS 3" primers. PCRES- A A|3}5ich Arbitrary
primer2 gla] A7l v] S| F <l bandE vl Al $
] Slell A2 PCRE AA)sbgdc). cDNA 05 pl, 10x
reaction buffer 1 gl, 25 mM MgCl2 06 pl, 1.25 mM
dANTP mixture 0.16 ul, 100 gM specific primer 0.02 ul,
Taq polymerase (Promega, Madison, WI) 0.1 UE /5 #
Al B2 10 plE sled 1st PCR (ERICOM)E A A&}
v}, PCR =& 04°C 287} pre-denawrationg 4 A&
3 94°C &, S0°C 28, 72°C 3o R 30 cycle sofiul
=] post-clongations> 72°Cef| 4] 580 & algich 12} PCR
ZVE 10 glel] 10x reaction buffer 1 gl, 25 mM MgCI2 0.6
il, 1.25 mM dNTP mixture 0.8 pl, 100 gM arbitrary prim-
er 015 pl, 1000 gM  specific primer 015 pl, 04 oM
[32-P]ACTP, Taq polymerase 0.1 p& Yar Ax K=zl
20 ul7} =) Al&le] 22 PCRE 8llalgich PCR =72
94°C 2457} pre-denaturation2 A A3} #, 94°C 1%, 60°C
1 72°C 220 2 o] 30 eyeleS 384l 5, 72°C 55
7} post-elongation® &}gich. S=F 5 cDNAE 6% DNA
sequncing gel 2 52l &bed, awtoradiography & 44 3}51 o}
702l cDNA band & gelZ2 56| Z2ba, DNAES &5
7] ob3 FL% PCR 2o g ANFE 3iqich AFH
% bandS TA cloning Kit (Invitrogen, Carlsbad, CA)E 4}
A-3fod pCRII plasmid vectorel] cloning®}gicl. DNA se-
quencing- Sequenase version 2.0 (USB, Cleverland, Ohio)
5 ol83le] AAsAz, H7H4Ee 43Y HAYS
BLAST 2 1% o] &#lo] Gen Bank dleo|E{uljo] A5
SEREE

4. Ribonuclease protection assay (RPA)

RNA probe2] #]2F2 MAXlscript (Ambion, Austine,
Texas) & o] 2&}e] in vitro transcriptiong 4 A&}
cDNAZL Z25 plasmids AH¥TaLs= Hghgh F
phenol-chroloform extraction-i- 4 A]8)a1, ethanol@ 3]
AlZl 3, TE buffer® S A17] 1| pgmig] FE7} 5 A
sl S5 7.9 pl, 105 transcription buffer 2 ul, 10
mM ATP 1 pl«10 mM CTP 1 yl, 10 mM GTP 1 pl, 10
mM UTP 0.1 ul, [P-32]CTP 4 4, T7 RNA polymerase 2
& Hrkste] 37°CelA] 1417F wgkste] In vitro tran-
seription<s- 4] 2| &9l el template DNAS | 7s17] S0
2 U DNaseq “H7lsle] 37°Celldq 1574 s eksigich
6% denaturing geloll 4] $H4d =l RNAS 913k &, gel
Sl Belee) ASshale

RPAL: RPAII Kit (Ambion, Austine, Texas)E o] &=
o] AlAlaledc}. A23IRTE A7) W R el xR
B] 22 cytoplasmic RNA 30 pea} Whilgoz #25
antisense RNA probe 1 ng2 47 ethanol2 4 2]#,
hybridization buffer 20 ulel] =%ich. 90°Cell 4] 357+ W
A A7 e, 42°Col| A 164]7F wllekste] hybridizationst
¢dch. 200 ul diluted RNase solution 3 7}sbe] 37°Cel| 4]
3087 F F A S SN 300 ulE o] —20°Cel 4 20
Bl Zqlck 4°C, 14000 RPMellA] 1557 4] 5 el
A AA A7 b, gel loading buffer 8 plel] 83 A3
t}. 90°Cell4] 3571 HA LA 6% DNA sequencing gel £
Ha)zled, autoradiography& A4 ehsd o}

B ot
1. Targeted RNA fingerprinting (Fig. 2)

Arbitray primer 67}# 2} zine finger primer 47475 2=
dhato] & 2471A1 9 primer 235 Agsle] Tl
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Fig. 2. Identification of differentially expressed genes by tar-
geted RNA fingerprinting.  Arrows indicate ¢DNA bands dif-
ferentially expressed im Ramos cells treated with calcium
ionophore, The number at the top of each lane indicate the hours
of calcium ionophore treatment.
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Table 1. Isolation of differentially expressed zinc finger genes

Clone  Expression pattern  Sequence homology

| Increased ZNFB5 (B6%)

2 Increased LMNFT (100%)

3 Increased ZNF143 (100%)

4 Decreased MTB-2f {100%)

8 Increased Za19d07.rl Scares Homo
sapiens cDNA clone
203005 5" (91%)

10 Increased Alu 2 region T cell receptor
I delta fusion gene (52%)

11 Increased ZNF3TA (R9%)

13 Increased Zing finger (M27877) (64%)

16 Increased ZMNF43 (82%)

17 Increased LZNFT3 (55%)

18 Increased Finger protein 2,
placental-human
(106024} (48%)

20 Decreased Krox (29%)

22 Increased ZNF134 (B3%)

Al A23I8T Me|® olEERAA GFEF A7MEE RT-
PCRE Al#slsdch A7ed5F A2 ofbE A7 el 4
chebbs RNAGEE] band2] ZEE 7|Fo& RT-PCR
Aol 53 loading X9lv AE Theksiedct oy
=2 band-T - AP R He]E He|x| gkabA]ul, 13
72l band7} e} EREA] A2 FEabAlol4] diide] wid)
F Helch o] FellA] 1A= dhdle] #Hat Srlele
vh z] 27 Fhasbaich

LHIIME 24 o 4EH MY (Table 1)

Wil 2] el Hol= 137 cDNAS gel2 e &4
AAHA, AFFHE Faie] oL ge 3 4
i} 137 el RT-PCR#}Hell 4 ALg2lgl primer
ol g7 Ade] A=) 454 HAAS Ay A}
3708 A= 71E Bagl zine finger % A}e] ZNF7,
ZNF143 1 MTBS} 93 o7l q<d& Hgla, 1z
82 FAHAE 71E 2uE zine finger FH e} L8
Aol A5 E Helegd, ol 71E RuEA ¢
+ AHEF zine finger AR FhebE| gk

3. RPAS 0|28 ZNF7, ZNF143 3! MTB 259
ML (Fig. 3)

RPAL o] &ale] 100% 4548 Hald ZNF7,
ZNF143 5] MTB #4252 W3l & of] #oela) 2 2
M RT-PCR Z3bgl 9] #lgic). ZNFT2 A231872 2
elgh & 147 3 wesle] #Hx Esbelgla,

0 0.5 1 2 4 hrs
iC1.2 . ZMFT -
C1.3° ANF143
GAPDH

Fig. 3. Ribonuclease protection assay of three zine finger genes.
Time of ionophore treatment (in hours) is indicated at the top
of cach lane. Even loading of the gel was determined by
GAPDH.

ZNFI143& A23187 #e] 22 HE] widlo] Axl =]a)
HA 24 7del] | mz 2 Wk sy} opa] FhAale] o)
MTBS] 7$oli ofEEAL §E5 F Az 7izts
Fg W)

a &

¥ oiFolA Age e i) Sol£ g ol
Azl 71E R s 495 sHske] 483 7o)
b £ AFAEY ou] dgAste ofsie, 7]E Bo
HoabY 2 zinc finger gene family2] conserved se-
quenceel] dlesl= 43572 specific primers) 6ZH 2
arbitrary primer5 o7} A 2 Zsle] ApEle] PCR
& AAgE A3, specific primers= CFE 30 arbitrary primer
s qh Zel 213 PCR2| 7 Sof] A7edis Akel] 4
eHtEE S vasd s w Y =719 band7) o}
 F4agch oleld "4 PCR A ollA] specific
primer7} 2}-8-8}A] Fslar arbitrary primerqto| annealing
mlo] abundant RNAS] ribosomal RNA So] SE5|3 o
g o] Aoz ol SiEelar 2le zine finger gene
familyof] &&h= FHAGEE] FH2 238 A= =
A A7E gl webs A A4)E "4 S
Hat7] floted, A4 DAL AAss PCRE 5 o
A= Wbro] AAshaA A DAlol| A arbitrary primer
ale] specific primerfh-S AE#t= Y& ‘asymmetric
PCR'= 4 Al#le] e gene familyol] &3} gene prod-
uct2] oF5 ol AR Erb AR S5 ouls] PCRell 4]
specific primer®} arbitrary primersS o] 83lo] =229
ch o] Hxp 7] A o2 AR 7 fell S3ad ]

(Hel $3F AEE A7EY bandEe] Ak A E

T 5 aladck =3 o] 3t ub & o] Lale] clone
1349 FHAE Fedl4] 10719 clonee], ¢7] 2 &
2% A3} zine finger geneo & Fhulgloga] & oo
TAbE o] FIE WA A5 gAY o] ube] vig 5
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b obEEA 20 fusbgold wle] wHE wch
o] FollAl 1% wale] AAx Frletslz, LJrr'ixl 274
= AAsie

2) G719 E e 454 A A A
137] Sell4 3 71E EaE zine finger 54212l
ZNF7, ZNF143 13 MTB-Zfe} Fd3t d7jAdds 249
i, vpe A 10705 A 8/ E 7]E BaE zine finger
faAe Fehe 4EAE BYoRA, o RAES AT
WgA] ¢he AE§ zinc finger FHZAE Thehu|gich

i) RPAS o]f&sle] ZNF7, ZNF143 % MTB-Zf2] 4t
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stgich. MTBS] 5ol = ol EEA L FEF HA 34
s e Bl
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