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Twenty-seven Nonoverlapping Zinc Finger cDNAs from
Human T Cells Map to Nine Different Chromosomes
with Apparent Clustering
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Summary

cDNA clones encoding zinc finger structures were isolated by screening Molt4 and Jurkat cDNA libraries with
zinc finger consensus sequences. Candidate clones were partially sequenced to verify the presence of zinc
finger-encoding regions; nonoverlapping cDNA clones were chosen on the basis of sequences and genomic
hybridization pattern. Zinc finger structure-encoding clones, which were designated by the term "Kox" and
a number from 1 to 32 and which were apparently unique (i.e., distinct from each other and distinct from
those isolated by other laboratories), were chosen for mapping in the human genome. DNAs from rodent-
human somatic cell hybrids retaining defined complements of human chromosomes were analyzed for the
presence of each of the Kox genes. Correlation between the presence of specific human chromosome regions
and specific Kox genes established the chromosomal locations. Multiple Kox loci were mapped to 7q (Kox
18 and 25 and a locus detected by both Kox 8 cDNA and Kox 27 cDNA), 8q24 5' to the myc locus (Kox
9 and 32), 10cen--q24 (Kox 2, 15, 19, 21, 30, and 31), 12ql3-qter (Kox 1 and 20), 17pl3 (Kox 11 and
26), and 19q (Kox 5, 6, 10, 22, 24, and 28). Single Kox loci were mapped to 7p22 (Kox 3), 18q12 (Kox
17), 19p (Kox 13), 22ql 1 between IGX and BCR-1 (locus detected by both Kox 8 cDNA and Kox 27 cDNA),
and Xp (Kox 14). Several of the Kox loci map to regions in which other zinc finger structure-encoding loci
have already been localized, indicating possible zinc finger gene clusters. In addition, Kox genes at 8q24,
17pl3, and 22q11 -and perhaps other Kox genes-are located near recurrent chromosomal translocation
breakpoints. Others, such as those on 7p and 7q, may be near regions specifically active in T cells.

Introduction

Zinc finger proteins are generally classified into the
Cys2/ Cys2 type, exemplified by the family of steroid
receptor proteins (Berg 1989), or into the Cys2/His2
type present in the Kruppel/TFIIIA family (Miller et
al. 1985). The metal, zinc, binds coordinately to the
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conserved cysteine and histidine residues of the zinc
finger repeat, stabilizing the zinc finger structure (Dia-
kun et al. 1986). This three-dimensional structure
(Lee et al. 1989) is essential for DNA/RNA binding.
Several zinc finger proteins have been determined to
regulate gene expression via binding to DNA and/or
RNA in a sequence-specific manner (Engelke et al.
1980; Kadonaga et al. 1987; Stanojevic et al. 1989;
Joho et al. 1990; Kinzler and Vogelstein 1990).

Since zinc finger proteins have been shown to play
a pivotal role in Drosophila development (Preiss et
al. 1985; Vincent et al. 1985; Tautz et al. 1987),
numerous genes of the Kruppel/TFIIIA family have
been characterized in vertebrates (Chowdhury et al.
1987; Chavrier et al. 1988; Pannuti et al. 1988; Rup-
pert et al. 1988; Thiesen 1990). The human genome
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may encode hundreds of these zinc finger binding pro-
teins (Bellefroid et al. 1989; Bray and Thiesen 1990).
The Cys2His2 class of zinc finger proteins usually con-
tains multiple consecutive finger repeats (as many as
37) with the consensus amino acid sequence Y/
FXCX2CX3FXsLX2HX3HTGEKP (Brown et al. 1985;
Miller et al. 1985; Schuh et al. 1986). In addition, the
Cys2His2 family can be grouped into several subfami-
lies according to the number of zinc finger domains
and the spacing of amino acids between the conserved
cysteine and histidine pairs (Rousseau-Merck et al.
1991). Different subfamilies are (a) the Kriippel type
of zinc fingers harboring multiple zinc finger domains
with a spacing of three amino acids between the con-
served histidine pairs (Miller et al. 1985), (b) the GLI
type of zinc fingers harboring multiple zinc fingers
with four amino acids between the conserved cysteines
(Ruppert et al. 1988), (c) the ZFX/ZFY zinc finger
gene family harboring multiple zinc fingers with an
alternating spacing of three and four amino acids be-
tween the conserved histidines (Page et al. 1987) and
(d) the SP1/EGR family harboring three zinc fingers
with two and four amino acids spacing the cysteine
pairs (Kadonaga et al. 1987; Joseph et al. 1988; Suk-
hatme et al. 1988).
A number of human zinc finger encoding cDNAs

have been isolated, some by homology to the Krfippel
gene (Pannuti et al. 1988; Bellefroid et al. 1989; Thie-
sen 1990) and others because of functional properties
such as early growth response (Joseph et al. 1988;
Sukhatme et al. 1988) or amplification in tumor cells
(Kinzler et al. 1988; Ruppert et al. 1988). Lania and
colleagues have isolated zinc finger genes from human
placenta (Pannuti et al. 1988) and have mapped sev-
eral of these loci; HF10 (ZNF35) maps to 3p2l (Donti
et al. 1990), possibly within or near a suppressor lo-
cus; ZNF7 maps to 8q24, possibly near the MYC
gene; and ZNF8 maps to 20q13 (Lania et al. 1990).

In order to study the function of zinc finger proteins
in human T cell development, about 30 cDNAs repre-
senting members of the human Kruppel family were
isolated from T cell cDNA libraries and were partially
sequenced; cDNAs which were unique (not identical
either to others from this laboratory or to zinc finger
genes isolated and characterized by others) were desig-
nated as "Kox 1-Kox 32" (Thiesen 1990). As a second
step in classifying these clones prior to in-depth study
of their expression patterns, DNA binding properties,
and function, we have determined the chromosomal
location of approximately 30 of these unique cDNA

clones. Chromosome mapping was accomplished by
correlation of presence of individual zinc finger cDNA-
homologous genomic fragments, designated herein as
"Kox" loci, with specific chromosome regions in ro-
dent-human somatic cell hybrids. Concurrently, a few
of these Kox cDNAs have been localized to specific
human chromosome regions by chromosomal in situ
hybridization (Rousseau-Merck et al. 1991; Seite et
al., in press). In the present paper we describe the
chromosome mapping of 27 genes encoding zinc finger
structures to nine different chromosomes, with appar-
ent clustering on chromosomes 8 and 17 and possibly
on chromosomes 7, 10, and 19.

Material and Methods

Cells

Isolation, propagation, and characterization of
most parental cells and somatic cell hybrids used in the
present study have been described elsewhere (Durst et
al. 1987; Greco et al. 1988). The presence of specific
human chromosomes or regions of chromosomes has
been confirmed by DNA hybridization using probes
for genes assigned to specific human chromosome re-
gions.

Southern Blot Analysis
DNAs from human peripheral blood lymphocytes

or human cell lines, from mouse cell lines, and from
rodent-human hybrid cells were prepared by cell lysis,
proteinase K digestion, phenol extraction, and ethanol
precipitation. Cellular DNAs were digested with an
excess of appropriate restriction enzymes, were sized
in 0.8% agarose gels, were transferred to nylon filters
(Duralon, Stratagene), and were hybridized at 420C
for 16 h in 50% formamide, 5 x SSPE (1 x SSPE =
0.15 M NaCl, .O1M NaH2PO4, 0.001 M EDTA, pH
7.4), 5 x Denhardt's solution, 0.1% SDS, 100 .g
salmon sperm DNA/ml. Final washes of blots were in
0.1 x SSC(1 x SSC = 0.15MNaCl, 0.015 sodium
citrate, pH 7.4), 0.1% SDS at 680C for 1-3 h. Filters
were stripped of probe by immersion in 0.1% SDS at
100°C, at which point heat was removed and filters
were left in the cooling 0.1% SDS for 20 min. Stripped
filters were rehybridized as many as five times.

Kox Probes

Isolation, subcloning, sequencing and characteriza-
tion of the Kox family of zinc finger-encoding cDNAs
has been described by Thiesen (1990). cDNA inserts
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Table I

ZNF Symbol Assignments for Kox cDNAs

Zinc Finger Gene (clone) Chromosomea Reference

ZNF10 (KOX 1) ......................... 12q13-qter
ZNF11 (KOX 2) ......................... 1Ocen-q24
ZNF12 (KOX 3) ......................... 7p22-p2l Seite et al., in press
ZNF13 (KOX 5) ......................... 19q
ZNF14 (KOX 6)......................... 19q
ZNF15 (KOX 8) ......................... 7q/22qll
ZNF16 (KOX 9) ......................... 8q24
ZNF17 (KOX 10) ....................... 19q
ZNF18 (KOX 11) ....................... 17p13-pl2
ZNF19 (KOX 12) ....................... ND
ZNF20 (KOX 13) ....................... 19p
ZNF21 (KOX 14) ....................... X
ZNF22 (KOX 15) ....................... 10cen-q24
ZNF23 (KOX 16) ....................... ND
ZNF24 (KOX 17)....................... 18q12 Rousseau-Merck et al. 1991
ZNF25 (KOX 19)....................... 10cen-q24
ZNF26 (KOX 20) ....................... 12ql3-q534 Seite et al., in press
ZNF27 (KOX 22) ....................... l9q
ZNF28 (KOX 24) ....................... l9q
ZNF29 (KOX 26)....................... 17q13-p12 Rousseau-Merck et al. 1991
ZNF30 (KOX 28) ....................... l9q
ZNF31 (KOX 29) ....................... ND
ZNF32 (KOX 30)....................... .10cen-q24
ZNF33 (KOX 31) ....................... 10cen-q24
ZNF34 (KOX 32) ....................... 8q24
ZNF36 (KOX 18) ....................... 7q
ZNF37 (KOX 21)....................... 10cen-q24
ZNF38 (KOX 25) ....................... 7q
ZNF39 (KOX 27) ....................... 7q/22qll

a ND = not determined.

were excised from vector DNA by EcoRI digestion,
were isolated, and were radiolabeled by nick-transla-
tion to a specific activity of 108 cpm/O.1 rig, and 108
cpm was used for each Southern blot.

Nomenclature

Nomenclature and gene-symbol assignments are
those of Phyllis J. McAlpine (Chair, HGM Nomencla-
ture Committee, University of Manitoba, Winnipeg).
The convention is that zinc finger-encoding genes
identified first in the mouse are given Zfp numbers;
human homologues of zfp loci are given a correspond-
ing ZFP number, while zinc finger genes identified first
in the human genome are given ZNF numbers. Since
the Kox cDNAs encoding zinc finger structures are of
human origin and have been identified, sequenced, and
mapped first in the human, the individual Kox cDNAs
have been given the gene symbol "ZNF' and a corre-
sponding number (for assignment, see table 1).

Throughout the text these ZNF loci will be referred to
by the Kox terminology, but the ZNF numbers are
tabulated for the human genome catalog-reference
purposes.

Results

Notable Features of Restriction Analyses of Kox Loci

In the present study 32 different Kox cDNAs (Thie-
sen 1990) were tested for their segregation patterns in
rodent-human hybrids after cleavage with one or more
restriction enzymes that was followed by transfer to
filter and by hybridization to radiolabeled Kox cDNA
probes (Southern blot analysis). Eleven Kox cDNAs
exhibited very simple restriction maps with one or two
enzymes (usually HindIII or EcoRI); that is, there were
one to three specific human fragments which all segre-
gated together in the hybrid panel. Another one-third
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of the cDNAs detected restriction patterns which were
very complex, showing, e.g., six or more human re-
striction fragments which had unequal intensities and
which did not necessarily segregate together; three
Kox cDNAs (4, 7, and 23) detected loci of such
complexity that mapping was unsuccessful. Ten Kox
cDNAs detected restriction patterns of intermediate
complexity, with one or a few major bands segregating
together and with a few to many less intense bands
whose segregation pattern in hybrids was indistinct;
for mapping purposes we make the assumption that
the major cosegregating bands represent the cognate
locus and that the less intense bands represent cross-
hybridizing human zinc finger loci. Three Kox cDNAs
(Kox 12, 16, and 29) of the intermediate complexity
group were not mapped, because of underrepresenta-
tion of their cognate loci in our hybrid panel; possible
candidate chromosomes for Kox 12, 16, and 29 are
chromosomes 2q, 16, and 4q, respectively, since these
chromosome regions are underrepresented in our hy-
brid panel. A general feature of our Kox loci hybrid-
ization was that very small (uncontrollable or unpre-
dictable) variations in stringency conditions during
hybridization could change the complexity of the re-
striction pattern such that as many as 50 very intense
bands might appear in every lane, including the rodent
lane. Most Kox cDNAs detected homologous mouse
bands, but strength of hybridization to mouse DNA
also varied from experiment to experiment. Kox 1, 9,
10, 14, 21, 28, and 31 showed either very faint or no
hybridization to mouse; Kox 3, 5, 11, 12, 15, 18,
19, 26, 29, and 30 showed strong hybridization to
relatively simple patterns of restriction fragments and
are candidates for having mouse homologues. The re-
maining Kox genes detected mouse restriction frag-
ments of medium intensity and of medium or high
complexity. Human chromosomal assignment was,
of course, determined using restriction enzymes for
which a clear distinction between mouse- and human-
specific bands was possible.

Kox Genes Expressed in T Cells Map to Nine
Different Human Chromosomes

Chromosomes retained in the panel of rodent-
human hybrid cells used in the localization of the Kox
genes are illustrated in figure 1. DNAs from 25 hybrids
and from both a mouse control and a human control
were cleaved with restriction enzymes BamHI, EcoRI,
or HindIII, were fractionated on agarose gels, and
were transferred to nylon filters. Each filter containing
restriction enzyme-cleaved DNAs was then hybrid-

ized to a radiolabeled Kox probe. After hybridization,
washing, and exposure of the filter to X-ray film, hy-
brid DNAs, which were positive or negative for the
specific Kox gene homologous fragments were scored
as summarized in figure 1. Filters were then stripped
of probe and were rehybridized with another radiola-
beled Kox probe. Representative results of several fil-
ter hybridizations are pictured in figures 2-5.

Figure 2 shows an example of the simple HindIII
restriction pattern detected by Kox 1 (fig. 2A) and the
more complex pattern detected by Kox 20 (fig. 2B).
Both Kox 1-specific fragments segregate with a region
of 12q, while only the strongest, smallest Kox 20 frag-
ment segregates with the same region of 12q (regional
localization will be further detailed below); the non-
12-linked Kox 20 bands did not exhibit distinct segre-
gation in the hybrid panel, indicating their probable
dispersion on many chromosomes carrying multiple
cross-hybridizing ZNF loci.

In Figure 3 are hybridization patterns of four of the
Kox genes on chromosome 10. These four genes-
Kox 2 (fig. 3A), Kox 15 (fig. 3B), Kox 30 (fig. 3C), and
Kox 31 (fig. 3D)-show simple genomic restriction
patterns. The hybrid GB8 in lanes 4 of figure 3 is
interesting because the Kox 2 locus is partially missing
(fig. 3A, lane 5; note that the 4.5-kb human Kox 2
fragment isa missing); a Kox 2-specific fragment was
also missing after digestion with four other restriction
enzymes (not shown). The GB8 hybrid retains a par-
tial chromosome 1 Oq; although the exact extent of the
chromosome 10 region retained has not been defined,
the EGR2 locus at 10q21 is not present (authors' un-
published results). Since none of the Kox 2-specific
fragments retained by hybrid GB8 is aberrant, it is
possible that the Kox 2 probe actually detects two loci
on chromosome 10q, one of which is retained by the
GB8 hybrid and one ofwhich is not. Alternatively, the
Kox 2 cDNA may see very widely spaced exons, one
of which is missing in the GB8 hybrid.

Figure 4 illustrates regional localization of several
of the Kox loci on chromosome 19, as described in the
legend. Kox 5 (fig. 4A) and Kox 24 (fig. 4C) show
simple respective EcoRI and BamHI restriction pat-
terns which are entirely concordant with chromosome
19 localization. The Kox 10 cDNA detects a complex
EcoRI pattern, but all bands cosegregate with chro-
mosome 19; of the seven Kox loci on chromosome 19,
only Kox 10, including all its restriction frgments,
were retained in hybrid GB8, in agreement with the
fact that the GB8 hybrid retains only a fragment of
chromosome 19.

729



Huebner et al.

r-

cmeN
.9-

C6

0
S_Human Chromosomes

Hybrid
cl21
N9
c12

77-31 N
77-30
S5N
8cN
M44
G5N

PB5-1
GL5D
AB3
BD3
EF3

GL3K
AA2
J14-2
C1l

PH124
734

GB31
706-17
DE7
3a

AA3

CY)
0)

0
Xe

I.

-CI)

cl-

N-

x x
00
y O

ED
CM
-

X
0o

co0

Mr
04

cmp
H.1+

r" ..

-- +Co '-

0-LO00 -x x x x
0 0 0 0
Yd Y x

I
I

Figure I Presence of Kox loci in panel of 25 rodent-human somatic cell hybrids. The block diagram summarizes the chromosomal
content of individual hybrids, named in the leftmost column, as follows: * = presence of chromosome numbered at top of column; O
= presence of long arm (or part of long arm indicated by a smaller fraction of stippling) of chromosome indicated at the top of column;
I = presence of short arm (or part of short arm indicated by fraction of stippling) of chromosome at top of column; O = absence of
chromosome at top of column. Columns under chromosomes 7, 8, 10, 12, 17, 18, 19, 22, and X are outlined with thick lines and are
stippled to highlight correlation of presence of these chromosomes (or regions of chromosomes) with presence of specific Kox loci. The
pattern of retention of Kox loci in the hybrid panel is represented in the columns to the right of the block diagram, where presence of a
Kox locus or group of Kox loci in each of the hybrid lines is indicated by a stippled box enclosing a plus sign and where absence of a specific
Kox locus or Kox group is indicated by an open box enclosing a minus sign. (nt = not tested). A superscript cross (T) indicates Kox probes
which detect more than one independently segregating genomic locus. The superscript double dagger ($) indicates that Kox 13 was absent
in hybrid J14-2, indicating linkage to the short arm of chromosome 19 rather than to its long arm.

Figure 5 shows the very complex EcoRI (fig. 5A)
and HindIII (fig. SB) restriction patterns detected by
both Kox 8 (fig. SA, lanes 6-8) and Kox 27 (fig SA,
lanes 1-5) cDNAs. This figure also illustrates that a

subset of the fragments segregate with the long arm of
chromosome 7 (see fig. SA, lanes 3 and 6, and fig. SB,
lane 3; these lanes contain DNA from hybrid 36is
which retains 7q as its only human material). The
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Figure 2 Two Kox loci on chromosome 12. HindIII-cleaved
DNA ("'10 pg/lane)-from mouse (lanes 1); from human (lanes 2);
from hybrid GL3K retaining chromosomes 4, 6, 7, 10, 12q, 14, 15,
17-20, and 22 (lanes 3), from hybrid 8cN retaining 4, Sq, 6q, 7,
8q, 12, 14, 17, partial 18, 21, and 22 (lanes 4); from hybrid 3a
retaining partial 4, 6, 12, 14, 17, 21 and 22 (lanes 5); from hybrid
M44 retaining 8q24-8qter, 12p12-12ql3, partial 13, and
14pter-14q32 (lanes 6); and from hybrid GSN retaining partial
4p, 6, 10, 12, 20, and X (lanes 7; lane 7 in B is underloaded)-was
fractionated by electrophoresis in agarose gel, was transferred to

nylon filter, and hybridized to nick-translated radiolabeled Kox 1
probe (A) or Kox 20 probe (B).

intense doublet just below the 4.3-kb marker (fig. SA)
and several higher-molecular-weight bands (fig. SA,
lanes 4, 5, and 7) segregate with chromosome 22, as
summarized in figure 1; in the HindIII digest (fig. SB)
the chromosome 22-linked locus is represented by
several low-molecular-weight bands at 1.3 kb and be-
low (fig. SB, lanes 4 and 5).
The fact that Kox 8 cDNA and Kox 27 cDNA,

which represent different genes, each detect the same
sets of restriction fragments, some of which segregate
with chromosome 7 and some of which segregate with
chromosome 22, suggests that chromosome 7 may
carry the cognate locus for one of these cDNAs while
chromosome 22 carries the cognate locus for the
other. Genomic clones representing Kox 8 and 27 have
similar restriction patterns and cross-hybridize at high
stringency, indicating that these two genes are highly
homologous (H.-J. Thiesen, unpublished results). All
other Kox probes were similarly mapped, first with a
large panel to determine the chromosomal origin of
the cDNA and then by testing a smaller panel of hy-
brids retaining only portions of the candidate chromo-
some as illustrated above in some ofthe small Southern
blots in figures 2-5.

Regional Localization of the Kox Loci on Nine
Human Chromosomes

Each of the Kox loci which was chromosomally
assigned was also mapped to a narrower region of the
assigned chromosome, by Southern blot analysis of a
small panel ofrodent-human hybrids retaining defined
subregions of the relevant chromosome. Results of
the regional localizations for chromosomes carrying
multiple Kox loci are sketched in figure 6A (chromo-
somes 7, 8, 10, and 12) and figure 6B (chromosomes
17, 19, and 22).
Chromosome 7 carries at least four Kox loci-Kox

3 (on 7p, as illustrated in the diagram of chromosome
7 [fig. 6A]), 18, and 25 and the Kox 8/27 locus be-
tween 7cen and TCRB. Kox 3 was concurrently
mapped to 7p22 by chromosomal in situ hybridization
(Seite et al., in press).
Two Kox cDNAs, Kox 9 and 32, detect loci within

a narrow region of 8q24, a region bracketed on the
centromeric side by a translocation in 8q24 [t(3;8)
(p21 ;q24)] occurring in a cancer-prone family (Cohen
et al. 1979) and bracketed on the telomeric side by a
translocation in 8q24 [t(8;14)(q24;q32)] from a Bur-
kitt lymphoma. The centromeric (5J) and telomeric
(M44) breaks are diagrammed in the chromosome 8
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Figure 3 Six Kox loci on chromosome 10. EcoRI-cleaved DNA ("-10 gg/lane)-from mouse (lanes 1); from human (lanes 2); from
hybrid 77-31N retaining chromosomes 1, 3, partial 4,5-9, lOq, 13, 14, 17, 18, 20-22, and X (lanes 3); from hybridJ14-2 retaining partial
lq, 2p12-'2pter, 3, 4, partial Sq, 6, 7, 8pter-8q24, 9-12, 14, 15, 17, 18, partial 19q, 21, and 22 (lanes 4); from hybrid GB8 retaining
partial 1Oq and partial 19q (lanes 5); from hybrid DE7 retaining 1, 4, 10, 14, and X (lane 6A); from hybrid AD4 retaining lOpter-'Oq23,
14q1 11-4qter, and others (lanes 6 in B-D); from hybrid BD3 retaining 1-8, 10-16,18-22, andX (lanes 7); and from hybrid G5N retaining
partial 4p, 6, 10, 12, 20, and X (lanes 8)-was fractionated, blotted to filters, and hybridized to radiolabeled Kox 2 (A), Kox 15 (B), Kox
30 (C), or Kox 31 (D) probes. Kox 19 and 21 were hybridized to similar blots, with similar results (see summary in fig. 1) and thus also
map to chromosome 10; in lanes 6 in B and C the AD4 hybrid DNA was not completely digested, but on other digests hybrid AD4 was

positive for all six Kox loci which map to chromosome 10 (not shown).

sketch in figure 6A, which summarizes segregation of
the Kox 9 and 32 loci within the narrow region of
8q24 bounded by the 5J and M44 translocation
breaks.
The six Kox cDNAs (2, 15, 19, 21, 30 and 31)

which detect loci on chromosome 10 all segregate with
the same region of chromosome 10, 10cen-o10q24,
as defined by hybrids AD4 and 77-31N in the chromo-
some 10 diagram of figure 6A. The GB8 chromosome
10 hybrid region retained is presented as a dashed line
because the actual chromosome 10 region retained
has been defined only by DNA markers. This hybrid
retains the Kox loci on chromosome 10 but is negative

for EGR2 and TDT, indicating that the Kox loci may
not be very close to the EGR2 locus.
Kox 1 cDNA and Kox 20 cDNA detect loci on chro-

mosome 12q13-12qter, as illustrated in the chromo-
some 12 sketch of figure 6A. The two Kox loci are

telomericto the HOX-3 locus (Cannizzaro et al. 1987)
at 12q13; the Kox 20 locus is at 12q24 (Seite et
al., in press) and thus not near the GLI gene at
12q13---q14 (Arheden et al. 1989). The Kox 1 locus
has not been more narrowly localized.
Two Kox cDNAs, Kox 11 and 26, mapped to chro-

mosome 17, as was immediately obvious from their
presence in hybrid GB31 (figs. 1 and 6B), a hybrid
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Figure 4 Seven Kox genes mapping to chromosome 19.
EcoRI-cleaved (A and B) or BamHI-cleaved (C) DNA ("'10 gpg/
lane)-from mouse (lanes 1); from human (lanes 2); from hybrid
EF3 retaining 7, 8pter-8q24, 14, 16, 19, 21, 22ql1-qter, and X
(lanes 3); from hybrid GL3K retaining 4, 6, 7, 10, 12q, 14, 15, and
17-20 (lanes 4); from hybrid GB8 retaining partial 10q and partial
19q (lanes 5); and from hybrid J14-2 retaining partial lq.
2pter-'p12, 3, 4, partial 5q, 6, 7, 8pter-8q24, 9-12, 14, 15,
17, 18, partial 19q, 21, and 22 (lanes 6)-was electrophoresed,
transferred to filters, and hybridized to radiolabeled Kox 5 (A), Kox
10 (B), or Kox 24 (C) probes. Similar blots were analyzed by using
Kox 6, 22, 13, and 28 probes, with similar results (not shown; see
summary in fig. 1). Of the Kox group on chromosome 19, only Kox
10 was present in hybrid GB8 and only Kox 13 was linked to the
short arm of 19, while each of the others was present in hybrid J14-2
and thus linked to 19q.

Figure 5 Independently segregating loci detected by Kox 8
cDNA and Kox 27 cDNA. A, EcoRI-digested DNA ("'10 ptg/lane)
from mouse (lane 1); from human (lane 2); from hybrid 36is re-
taining chromosome region 7 cen-7qter (lane 3); from hybrid 3a
retaining 4q, 6, 12, 14, 17, 21, and 22 (lane 4); from hybrid 260-3-
12-3, which retains both 22pter- qll with a break in the BCR-1
gene (see fig. 6, chromosome 22 diagram) and other chromosomes
(lane 5); from hybrid 36is retaining 7q (lane 6), from hybrid 3a
retaining 4q, 6, 12, 14, 17, 21, and 22) (lane 7); and from hybrid
N9 retaining 6, 7, partial 17, and 21 (lane 8). Lanes 1-5 were
hybridized to the Kox 27 cDNA, and lanes 6-8 were hybridized to
the Kox 8 cDNA; lanes 3 and 6 exhibit a subset of human bands

1 2 3 4 5 6

9.6 -

6.7 -

4.3 -

2.2 -

1.9 -

1.3 -

localized to 7q which are detected by both the Kox 8 and 27 probes;
lanes 4, 5, and 7 illustrate the subset ofEcoRI fragments on chromo-
some 22 detected by both probes. B, HindIII-digested DNA
(e'10vlg/lane)-from mouse (lane 1); from human (lane 2); from
hybrid 36is retaining 7q (lane 3); from hybrid 3a retaining 4q, 6,
12, 14, 17, 21, and 22 (lane 4); from hybrid BD3 retaining 1-7,
9-16, 18-22, and X (lane 5); and from hybrid N9 retaining 6, 7,
partial 17, and 21 (lane 6)-was blotted and hybridized to the Kox
27 probe. Lanes 3 and 6 illustrate the chromosome 7q-specific
HindIII bands detected by the Kox 27 probe, while lanes 4 and 5
show the chromosome 22-specific HindIII fragments detected by
the Kox 27 probe; hybrid BD3 (lane 5) is underloaded, and thus the
chromosome 7-specific fragments are not seen and the chromosome
22-specific fragments are faint. Kox 8 gives an identical result on
hybridization to the same blot (not shown).



A d21

3615

AF3

II
KOX , 18,25,2r - +
KOX 3 - -

22
21
15.3
15.1
14

11.2
11.22

21.1
21.3
22
31.1
31.3
32
33
35
36

+
+

53 16 EF3 d17

7c

7 KOX9,32 - -+++

' 53

r,.,SIKOX 9,32

IMYC
16

' EF3

AN G5

GBS

KOX 2,15,19, 21, 30, 31 + 4

15 C14_
1 312.31
12.1_

77-31 N 11 2

11.2
21.1
21.3
22.1
22.3
23.1

24.1

Ni1
26.1
26.3

+ + 10

G5
M44

GL3

KOX1, 20 - + +

B P12 cG561
cR22

d9 N9

275s

KOX 11 - - - + - + +

KOX 26 - - - + + + +

13
12
11.2
11.2
12
21.1
21.3
22
23
24
25

17

EF3

GB8 13.3
13.2

i * 13.1 F]
* ~~~~12

i I 12l13.1
132
13.3

KOX 13 - - + 19
KOX 10 + + +
KOX5,6,22,24,28 - + +

10 AA2 12 As

~ ~ ~ 12 BLbrflk-EF3 16
||| ., tB "

E112 KOX 8,27
12.3

13:3 _ CMLAL
13.1 breaks

KOXOt27' + + - + + + 22

13.3

123
12.1
11.2
11.1
12
13.1
13.3
14
15
21.1
21.3.
22
23
24.1
24.2
24.33

12



Mapping of Zinc Finger cDNAs

which retains chromosome 17 as its sole human chro- carried by hybrids c122 (negative for Kox 11) and clS
mosome. Regional mapping on chromosome 17 (fig. (positive for Kox 11); the locus for TP53 segregates
6B) showed that Kox 11 mapped to a narrow region on identically to the Kox 11 locus in the regional 17 map-
17pl3 between two 17pl3 translocation breakpoints ping panel (not shown). Figure 6B (chromosome 17

Figure 6 Regional localization of Kox genes. DNA from rodent-human hybrids retaining portions of the relevant chromosomes were
tested for retention of individual Kox-specific fragments after cleavage with an appropriate restriction enzyme and Southern blot analysis,
as described for figs. 2-5. Chromosome 7: Hybrids AF3, 36is, and c121 have been described elsewhere (Greco et al. 1989); AF3 retains
7q35-qter from the TCRB locus to the terminus (Russo et al. 1988). Kox 8 and 27 probes recognize a similar or identical family of restriction
fragments in human DNA; some of these fragments segregate with region 7cen-7q35 centromeric to the TCRB locus as diagrammed, and
some fragments segregate with chromosome 22 (see fig. 5 and chromosome 22 regional diagram). Chromosome 8: Most hybrids retaining
partial chromosome 8 have been described (Durst et al. 1987; Bauer et al. 1988). The full name for hybrid designated 16 is 1-23-16; that
for 8c is 8cN; and that for c117 is 706 c117. Hybrid 5J was derived from fusion of a cell carrying a t(3,8)(p21,q24) (Cohen et al. 1979)
and carries a der 8 (8pter-8q24::3p21-3pter) in which the break on chromosome 8 is an unknown distance 5' of the MYC locus (S. La
Forgia, F. Li, C. M. Croce, and K. Huebner, unpublished data). From the segregation pattern in these hybrids, the Kox 9 and 32 genes
map centromeric to the M44 chromosome 8 break, which is "'50 kb 5' ofMYC (Haluska et al. 1986), and telomeric to the 5J break, which
is an unknown distance centromeric to the M44 break (see expanded map [not to scale] of the MYC region, to the right of the chromosome
8 diagram). The Kox 9 and 32 loci are not amplified in HL60 or Colo 320 DNA and are thus outside the large amplified region including
and surrounding the MYC gene in these cells (not shown). In addition, the Kox 9 EcoRI fragment is missing from at least two rodent-human
hybrids which retain the relevant region of chromosome 8, indicating that this locus was deleted from isolated der8's while all other probes
tested for this region of chromosome 8 were retained (e.g., see hybrid J14-2, in fig. 1, which is negative for the Kox 9 EcoRI fragment,
although it retains 8pter-8q24 with a break at "'20 kb 3' of MYC [Tsichlis et al. 1990]). Lania et al. (1990) have also mapped a
ZNF-encoding gene to 8q24. Chromosome 10: Hybrid 31 (77-31N) retains the long arm of 10 (Ferrari et al. 1987; Huebner et al. 1988a);
hybrid AD4 retains 10pter-10q24 (Kagan et al. 1989). Hybrid GB8 was derived by fusion of an SV40-transformed human fibroblast with
mouse peritoneal macrophages (Huebner et al. 1990) and retains only a few partial human chromosomes, defined by presence of specific
DNA markers. The Kox cluster of loci on chromosome 10 localizes to 10cen-10q24, as illustrated to the left of the chromosome 10
diagram, possibly near the EGR2 locus, a previously defined Zfp-encoding gene (Joseph et al. 1988; Chavrier et al. 1989). Chromosome
12: The hybrids retaining partial 12 have been described elsewhere (Cannizzaro et al. 1987; Huebner et al. 1988c; Lessin et al. 1988).
Kox 1 maps to 12ql3-12qter, as shown to the left of the chromosome 12 diagram, possibly near the Kox 20 gene or the GLI gene, a
ZFP-encoding gene which maps to 12q13-14 (Ruppert et al. 1988; Arheden et al. 1989). Kox 20 also maps to 12ql3-qter in somatic
cell hybrids and has recently been localized to 12q24.3 by chromosomal in situ hybridization (Seite et al., in press). Chromosome 17:
Hybrids retaining partial 17 have been described elsewhere (Huebner et al. 1988b). Hybrid P12 (full name P123B5) retains 17pter-17ql 1.2
(from an acute promyelocytic leukemia) and has been described by VanTuinen et al. (1987). Kox 11 maps to a narrow region in 17pl3
between the breaks in c122 (full name 56-47c122) which retains 17pl3-~17qter (negative for Kox 11) and c15 (full name GM1 19 x LMTK
c15; also referred to as GLSK) which retains 17pl3-17qter (positive for Kox 11). Kox 26 maps to 17p centromeric to Kox 11, as
illustrated to the left of the chromosome 17 diagram. Kox 26 has also been localized by chromosomal in situ hybridization to 17pl2-p13
(Rousseau-Merck et al. 1991); at least one other zinc finger protein-encoding gene has been localized to this region of 17p (Ashworth et
al. 1989). Chromosome 18 (not shown): A hybrid, 8cN, retaining partial 18 has been identified by hybridization of chromosome 18-specific
probes to hybrid DNAs. This hybrid is negative for the BCL2 locus at 18q21 (Tsujimoto and Croce 1986) but is positive for the tre D probe
(Huebner et al. 1988b) and is positive for the Kox 17 locus which maps to chromosome 18. The Kox 17 gene was concurrently localized
by in situ hybridization to 18q12 (Rousseau-Merck et al. 1991). Chromosome 19: Portions of chromosome 19 retained by hybrids has
been determined by testing for presence or absence of many 19p- and 19q-linked DNA probes (Martinerie et al. 1990) and by karyotyping
in the case of the EF3 hybrid. Hybrid GB8 retains only the Kox 10 locus and no other 19 markers tested; dashed lines for GB8 indicate
uncertainty of region retained, since markers known to be in the dashed region were not available. The Kox 13 locus is most likely on l9p,
possibly near another zinc finger protein-encoding locus, the VAV gene, which has been mapped to 19p (Martinerie et al. 1990). Loci
for Kox 5, 6, 22, 24, and 28 map to 19ql2- 19qter by virtue of their presence in hybrid J14-2. The Kox 10 locus is also in 19ql2-'b19qter
but is the only chromosome 19 locus represented in hybrid GB8; the suggested order is with Kox 10 centromeric to the other loci, but these
hybrids and available markers do not define the chromosome 19 portion retained by GB8. Chromosome 22: Hybrids retaining partial 22s
have been described elsewhere (Bauer et al. 1988). Hybrid A6 (full name Eye FA6) retains chromosome 22 and a portion of l9p and was
provided by David Patterson. The segregation pattern (illustrated in Southern blots in fig. 5) for the chromosome 22-specific locus detected
by both Kox 8 cDNA and Kox 27 cDNA and summarized here shows that the locus maps to a very narrow region defined by (1) hybrids
EF3 and 16 (full name BL2-1-23-16) retaining the region from the IGA) locus to 22qter derived from Burkitt lymphoma variant translocations
which are positive for the Kox 8/27 locus and (2) hybrids AA2 and 12 (full name 260-3-12-3) carrying the region 22pter-22qll
characteristic of the ALL and CML "Philadelphia" chromosome and which are also positive for the Kox 8/27-specific locus. The only
region of overlap between these pairs of hybrids is the region between the Burkitt lymphoma chromosome breaks (BL breaks) in IG). and
the BCR-1 translocation breaks (ALL and CML breaks). Thus, the Kox 8/27 chromosome 22-specific ZNF locus is in 22ql1.2, between
the IGA and BCR-1 loci. X Chromosome (not shown): The hybrids retaining partial X have been described elsewhere (Huebner et al. 1986;
Rao et al. 1989). Segregation of the Kox 14 locus in these hybrids demonstrates linkage to Xpter-Xcen. Another ZNF-encoding locus
on Xp has been described elsewhere (Muller and Schempp 1989; Page et al. 1990).
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sketch) also establishes the order of Kox 17 relative to
Kox 26 on 17p. Kox 26 segregates with 17p13-*
17ql 1.2, as illustrated in figure 6B, but concurrent in
situ chromosomal hybridization has localized Kox 26
to 17p12--p13 (Rousseau-Merck et al. 1991). Thus
the order of loci is 17p12-Kox 26--(TP53, Kox 11)-p
17pter. Another zinc finger-encoding gene, ZFP3,
also maps to this region (Ashworth et al. 1989).
The single Kox cDNA, Kox 17, which maps to chro-

mosome 18 was regionally mapped centromeric to
18q21 by using hybrid 8cN, which retains a partial
chromosome 18 (missing the region from 18q21, in-
cluding the BCL2 gene, to 18qter) and is positive for
Kox 17 (not shown in fig. 6B). Chromosomal in situ
hybridization performed in parallel with this hybrid-
mapping study has localized the Kox 17 locus to
18q12 (Rousseau-Merck et al. 1991).
Seven Kox cDNAs detected loci on chromosome 19,

as summarized in figure 1 and detailed regionally in
figure 6B. Kox 13 was not present in hybrid J14-2
and is thus excluded from most of the long arm of
chromosome 19. Of the chromosome 19-linked Kox
loci, only the Kox 10 locus was retained in hybrid
GB8, which retains an undefined region of chromo-
some 19, a region which overlaps with the chromo-
some 19 portion retained in J14-2 but does not retain
l9p markers tested (VAV and IR; data not shown).
Five Kox cDNAs-Kox 5, 6, 22, 24, and 28-detect
loci on 19q, as shown in figures 4 and 6B. Other zinc
finger-encoding loci have been mapped to chromo-
some 19 (Ruppert et al. 1988) or to l9p (Martinerie
et al. 1990).
The two Kox cDNAs, 8 and 27, which detected a

locus on 7q also detected an independently segregating
locus on human chromosome 22 (see figs. 5 and 6B).
This Kox 8/27 locus was assigned to a subregion of
chromosome band 22ql1.2 by virtue of its presence
in two pairs of hybrids-(1) EF3 and 16 and (2) AA2
and 12-as shown in figure 6B. Hybrids EF3 and 16
carry 22q1 1 .2--qter contributed by two different vari-
ant Burkitt lymphomas with t(8;22)(q24;ql1.2) in
which the break in 22ql 1 is within the IGA locus.
These breaks are represented as BL breaks to the right
of the chromosome 22 sketch in figure 6B; hybrid
10 carries the reciprocal translocation chromosome
(22pter- 22q1 1) to the 16 hybrid. Hybrids AA2 and
12 carry Philadelphia chromosomes (22pter->22q1 1.2::
9q34- 9qter) from an ALL and a CML, respectively,
and thus the breaks in 22ql 1.2 are in the BCR-1 locus
telomeric to the IGA locus. Thus these four hybrids,
all positive for the chromosome 22-linked Kox 8 /27

locus, have in common only the narrow region (of
22q11.2) between IG)1 and BCR-1. Therefore, the
chromosome 22-linked Kox 8/27 locus maps be-
tween IGA) and BCR-1, two loci involved in recurrent
translocations in hematopoietic malignancies. Kox 14
cDNA detected a locus on chromosome X and was
regionally localized to Xpter- Xcen by virtue of its
absence in hybrids carrying Xcen- Xqter (data not
shown).

Discussion

Though functions of most human zinc finger pro-
teins have not yet been determined, it is thought that
these proteins are capable of binding in a sequence-
specific manner to DNA and/or RNA. Likewise,
structural differences among the zinc finger subfami-
lies have not yet been correlated with specific functions
such as specificity and affinity in DNA/RNA recogni-
tion. At present, zinc finger proteins could conceivably
be involved in any type of function that requires
sequence-specific contact with nucleic acids.
However, zinc finger genes within one subfamily

are more related to each other than are genes among
the zinc finger subfamilies, indicating that these genes
might have evolved from an ancient gene which has
diverged during phylogeny (Miller et al. 1985). When
the complexity of the Cys2/His2 families are com-
pared, the Kruippel zinc finger genes seem to be the
predominant subfamily present in the human genome.
In order to study the distribution and organization of
Kruippel zinc finger loci in the human genome, 27 zinc
finger cDNAs were mapped to nine different chromo-
somes (summarized in table 1 and fig. 1) by hybrid cell
analysis. An apparent clustering of Kox (ZNF) loci
was noted on chromosomes 7, 8, 17, 10, and 19.
Recently, we noted a zinc finger gene complex around
the TPS3 locus (Rousseau-Merck et al. 1991), con-
sisting of Kox 17 and ZFP3 (Ashworth et al. 1989)
and possibly of the human homologue of mouse Zfp2
(Nadeau et al. 1990). Since Kox 11 segregates identi-
cally to the TPS3 locus in regional mapping on chro-
mosome 17, Kox 11 can be assigned, as the fourth
zinc finger gene, to this gene complex. Chromosome
region 17pi 3 is involved in deletions in many types of
malignancies. It is tempting to speculate that zinc fin-
ger genes tend to be clustered near chromosomal re-
gions which may be involved in recurrent chromo-
somal aberrations such as deletions, translocations,
and fragile sites (summarized in Harper et al. 1989;
Trent et al. 1989). In deletions of 17pl3 the target is
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presumably the suppressor gene, TPS3, but perhaps
the ZFP3, Kox 11, Kox 26, and possibly other zinc
finger-encoding loci surrounding the TPS3 gene could
influence susceptibility to recombination. If transloca-
tions mark regions of the genome which are in an
active configuration at the time of the recombination
event, then the activity of nearby ZNF/ZFP loci might
influence the chromatin configuration. Examples of
other ZNF clusters near recurrent chromosomal break-
points are Kox 9 and Kox 32 between MYC breaks
and a break found in a renal carcinoma-prone family.
ZNF7 also maps to 8q24 (Lania et al. 1990) and may
be in the same region. Similarly, the region of chromo-
some 22 to which the Kox 8/27 locus maps is between
some of the best-studied chromosome translocation
breakpoints, which are characteristic ofB cell lympho-
mas, chronic myelogenous leukemia, and acute lym-
phoblastic leukemia (summarized in Trent et al.
1989). Chromosome regions within l9p and 19q are
also involved in characteristic chromosome transloca-
tions, but our regional localization of Kox genes on
19 is not yet precise enough to determine whether
some Kox genes are very near these translocation
breakpoints.

Clinical disorders involving deletions in 7q, 8q24,
the pericentromeric region of chromosome 10, 17pl3,
22ql1, and Xp have been described (summarized in
Harper et al. 1989). One zinc finger-encoding gene,
WT2-1, is directly involved in deletion in some Wilms
tumors (Call et al. 1990; Gessler et al. 1990). Kox 17,
Kox 26 (Rousseau-Merck et al. 1991), and at least
two other zinc finger-encoding genes, ZNF3S/HF1 0
(Donti et al. 1990) and EGRI (Sukhatme et al. 1988),
map to regions frequently deleted in neoplasias (sum-
marized in Trent et al. 1989). Thus, the Kox genes
may serve as useful markers in defining extent of dele-
tions in specific chromosome regions, or, in some
cases, Kox or other ZNF genes may be candidate sup-
pressor genes.

If zinc finger proteins should turn out to be tran-
scriptional activators or repressors, they might be re-
sponsible for opening or closing a chromosomal re-
gion or domain of activity. A Drosophila zinc finger
protein has been shown to be involved in position-
effect variegation (Reuter et al. 1990). The Kruppel
gene has been shown to be a transcriptional repressor
and may thus be a negative regulator of transcription
in Drosophila (Licht et al. 1990). Thus, one might
speculate that Kox loci on 7p, near the TCRG locus,
and 7q, possibly near the TCRB locus, which are ac-
tive in T cells, could be relevant to the activity of these

TCR loci. Since the Kox cDNAs have been derived
from T cell lines, this panel probably includes ubiq-
uitously and tissue-specifically expressed zinc finger
genes, indicating that some zinc finger loci may be
preferentially active only in specific human tissues and
be inactive in others. Thus, we suggest that the map-
ping of zinc finger gene panels, derived from other
human tissues should present a chromosomal distribu-
tion of zinc finger gene loci different from the one
that has been found in the present study on lymphoid
tissues. Four Kox loci are found on chromosome 7,
two are on chromosome 8, six are on chromosome
10, two are on chromosome 12, two are on chromo-
some 17, seven are on chromosome 19, one is on chro-
mosome 22, and one is on the X chromosome.

In order to determine whether the chromosomal or-
ganization of zinc finger gene complexes will prove
to play a role in their transcriptional regulation, it is
necessary to identify physically linked genes of puta-
tive gene clusters, e.g., by performing pulse-field anal-
ysis on genes that have been assigned to the same chro-
mosomal regions. In this respect, it is worth mentioning
that the homeobox genes of the HOX-2 cluster show
common features of organization and expression in
mouse (Graham et al. 1989; Dressler and Gruss 1989)
and human (Simeone et al. 1990).

Since we estimate that the human genome might
encode more than 100 genes harboring zinc finger
structures, zinc finger loci could be useful markers, in
the analysis of the human genome, to classify cloned
genomic fragments. However, whether human zinc
finger proteins represent a class of master proteins in-
volved in developmental regulation ofgene expression
is perhaps the most fascinating question to pursue.
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