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The Ikaros gene is alternately spliced to generate multiple
zinc finger proteins involved in gene regulation and chromatin
remodeling. Whereas murine studies have provided important
information regarding the role of Ikaros in the mouse, little is
known of Ikaros function in human.We report functional anal-
yses of the two largest human Ikaros (hIK) isoforms, hIK-VI and
hIK-H, in T cells. Abundant expression of hIK-H, the largest
described isoform, is restricted to human hematopoietic cells.
We find that theDNAbinding affinity of hIK-Hdiffers from that
of hIK-VI. Co-expression of hIk-H with hIk-VI alters the ability
of Ikaros complexes to bind DNA motifs found in pericentro-
meric heterochromatin (PC-HC). In the nucleus, hIK-VI is
localized solely inPC-HC,whereas thehIK-Hproteinexhibitsdual
centromeric andnoncentromeric localization.Mutational analysis
defined the amino acids responsible for the distinct DNA binding
ability of hIK-H, as well as the sequence required for the specific
subcellular localization of this isoform. In proliferating cells, the
binding of hIK-H to the upstream regulatory region of known
Ikaros target genes correlates with their positive regulation by
Ikaros. Results suggest that expression of hIK-H protein restricts
affinity of Ikaros protein complexes toward specific PC-HC
repeats.We propose amodel, whereby the binding of hIK-H-defi-
cient Ikaros complexes to the regulatory sequence of target genes
would recruit these genes to the restrictive pericentromeric com-
partment, resulting in their repression. The presence of hIK-H in
the Ikaros complex would alter its affinity for PC-HC, leading to
chromatin remodeling and activation of target genes.

Ikaros expression is essential for proper stemcell function (1)
and for normal hematopoiesis in the lymphoid, myeloid, and

erythroid lineages (2–5). Loss of Ikaros function has been asso-
ciated with development of human malignancies, (6–10) and
Ikaros has been suggested to function as a tumor suppressor
gene (2, 11–13).
The Ikaros gene is alternatively spliced to generate multiple

isoforms. In murine lymphoid cells the most commonly
expressed isoforms are IK-VI, which was initially thought to
encode the full-length protein, and IK-V, which lacks the first
N-terminal zinc finger (14, 15); designated Ik-1 and Ik-2,
respectively, in the nomenclature of Georgopoulous et al. (15).
Ikaros is hypothesized to bind to DNA control elements of tar-
get genes and to aid in their recruitment to centromeric foci.
This results in activation or repression of the target genes (16,
17). Larger Ikaros isoforms like IK-V and IK-VI are thought to
act synergistically and to be responsible for Ikaros function in
chromatin remodeling and regulation of gene expression. Smaller
Ikaros isoforms lackingN-terminal zinc fingers do not bindDNA.
Heterodimersbetween largeandsmall isoformsbindDNApoorly,
suggesting that small isoforms canact as dominantnegative inhib-
itors of Ikaros (18, 19). Malignant transformation is hypothesized
to be a direct consequence of altered (or diminished) function of
the larger Ikaros isoforms because of overexpression of the
smaller, dominant negative ones (18, 19).
Previous studies of Ikaros function have been performed

using murine T cell systems. Human studies identified a num-
ber of additional splice forms (6, 18, 20, 21). Among these was
IK-H, a splice variant of IK-VI that includes an additional 60
bases between exons 2 and 3 (Fig. 1A), thus making it the long-
est identified Ikaros isoform. (IK-H is designated Ik1� in the
nomenclature of Payne et al. (21, 22)).Whereas IK-H protein is
abundantly expressed in primary human B, NK, myeloid, and
erythroid cells, it is barely detectable in primary murine hema-
topoietic cells (21, 22).
Here we report the first functional studies of human Ikaros

(hIK)2 proteins. For our analyses we used T cells, thus allowing
for more valid comparisons between our human data and that
obtained in murine studies. We report that the largest human
Ikaros isoforms, hIK-VI and hIK-H, exhibit distinct DNA bind-
ing abilities and subcellular localization patterns. Increased
expression of the largest Ikaros isoform (hIK-H) during T cell
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