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ABSTRACT

Interferon (IFN) consensus sequence binding protein (ICSBP)/IFN regulatory factor (IRF)-8 is an IFNy-
inducible transcription factor of the IRF family and regulates transcription through multiple target DNA el-
ements, such as IFN-stimulated response element (ISRE), Ets/IRF composite element, and IFN-y activation
site (GAS). ICSBP~/~ mice are immunodeficient and susceptible to various pathogens. They have defects in
the macrophage function, including the ability to induce interleukin-12 (IL-12) p40 and some IFN-y-respon-
sible genes. In addition, ICSBP~/~ mice develop a chronic myelogenous leukemia (CML)-like syndrome, where
a systemic expansion of granulocytes is followed by a fatal blast crisis. ICSBP~/~ mice harbor an increased
number of myeloid progenitor cells, and the —/— progenitors preferentially give rise to granulocytes, although
they cannot efficiently generate another descendant of the myeloid lineage, macrophages. Studies with myeloid
progenitor cells have shown that ICSBP drives their differentiation toward macrophage, whereas it inhibits
granulocyte differentiation. Furthermore, myeloid cells from ICSBP~/~ mice are resistant to apoptosis. These
results illustrate the mechanism by which the loss of ICSBP leads to immunodeficiency and CML-like syn-

drome and suggest ICSBP’s critical role in the development of myeloid cells.

CLONING, STRUCTURE, AND
EXPRESSION OF ICSBP

NTERFERON (IFN) CONSENSUS SEQUENCE BINDING (ICSBP),
Ialso designated IFN regulatory factor-8 (IRF-8), was orig-
inally cloned as a nuclear protein that binds to IFN consen-
sus sequence (ICS) in the major histocompatibility complex
(MHC) class I genes.(V It belongs to the family of IRF tran-
scription factors, which includes nine mammalian members
and four virally encoded homologs.?*) ICSBP has the DNA-
binding domain (DBD) conserved in the IRF family at the N-
terminal region and the IRF association domain (IAD) in the
C-terminal region (Fig. 1).2-5) The IAD is also conserved in
several IRF members (IRF-3, IRF-4, IRF-5, IRF-8, and IRF-
9). To date, human and chicken homologs of ICSBP/IRF-8
have been identified.®-®) ICSBP is expressed in the hemato-
poietic cells, including cells of the monocyte/macrophage lin-
eage, B lymphocytes, and activated T lymphocytes, and is in-
ducible by IFN-vy in these cells, suggesting its role in immune
cells.®2-13) Lipopolysaccharide (LPS) also induces ICSBP,
albeit to a lesser degree, and synergizes with IFN-vy in mac-
rophages.(13-15) Recently, we found that ICSBP is expressed

in lineage marker-negative (Lin~) hematopoietic progenitor
cellsin bone marrow. The expressionis relatively high in mac-
rophages and very low in granulocytes (H. Tsujimura, T.
Nagamura-Inoue, T.T., and K.O., unpublished observations).
The expression of ICSBP and its induction by IFN-vy in lens
cells and retinal pigment epithelial cells also have been re-
ported.(16-19)

TARGET DNA ELEMENTS, INTERACTING
PROTEINS, AND REGULATION
OF TRANSCRIPTION

Subsequent studies have shown that ICSBP is a transcrip-
tional repressor acting through the IFN-stimulated response el-
ement (ISRE).©20:2D ISRE and ICS contain the IRF recogni-
tion sequence (IRS), AANNGAAA, to which the DBD of the
IRF family binds.*>23 This sequence is present in many
IFN-a/B-inducible genes, as well as other genes.

Several studies indicate that ICSBP acts by associating with
other transcription factors. ICSBP interacts with IRF-1, IRF-
2, or IRF-4 on the ISRE and negatively regulates some IFN-
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FIG. 1. Structure of ICSBP/IRF-8. A diagram of mouse
ICSBP/IRF-8 is shown. The DBD contains a repeat of five con-
served tryptophans (W).

inducible genes, such as ISG15, which carries a functional
ISRE.*2425 Tt also associates with PU.1 and stimulates ac-
tivity of the Ets/IRF composite element (EICE), which also
contains IRS and is present in the immunoglobulin (Ig) k and
A, gp91Phox scavenger receptor, toll-like receptor-4 (TLR-4),
and interleukin (IL)-18 genes.5:23-26-39) [nteractions with
IRF-1/2 and PU.1 significantly enhance DNA-binding activ-
ity of ICSBP and are mediated through the IAD.® PU.1 also
interacts with another IRF member, IRF-4, to activate tran-
scription through the EICE.®D Among IRF family members,
IRF-4 has the highest similarity in amino acid sequence with
ICSBP. ICSBP was also shown to interact with E47 (encoded
by the E2A gene) on the element composed of IRS-like se-
quence and the E2A binding site found in the Igx 3’ enhancer
to activate transcription, again like IRF-4.5-32) As many of
these studies relied on activities of transfected reporters con-
taining ISRE or EICE, it will be important to determine if
ICSBP regulates endogenous genes through these elements.
Among many ISRE-carrying genes, only ISGI5 has been re-
ported to be upregulated by the loss of ICSBP. Stable over-
expression of ICSBP in U937 cells did not inhibit the IFN-«
induction of endogenous 2',5'-oligoadenylate synthetase
(2',5'-OAS), double-stranded RNA (dsRNA)-dependent ki-
nase, IRF-2, and promyelocytic leukemia genes, all of which
carry functional ISRE.®® Among genes carrying EICE, it was
shown that coexpression of PU.1 and either ICSBP or IRF-4
significantly induces endogenous IL-18 gene expression,
whereas PU.1 alone is able to induce the expressiononly mod-
estly G0

Recent studies indicate that ICSBP can act on a wide range
of target elements even beyond the IRS, such as the Ets site in
IL-12 p40 promoter and the IFN-vy activation site (GAS).(15-34)
In these cases, ICSBP binds to the elements indirectly through
protein-protein interactions and activates promoter activity.
Clearly, ICSBP can act either as a repressor or as an activator,
depending on the target DNA sequence, presumably by inter-
acting with different proteins.

PHOSPHORYLATION OF ICSBP

It has been reported that ICSBP is constitutively phospho-
rylated on tyrosine (Tyr) residues in vivo. Although this Tyr
phosphorylationnegatively regulates ICSBP’s own DNA bind-
ing activity, it is essential for the formation of heterodimer with
IRF-1/2, and Tyr-phosphorylated ICSBP can bind target DNA
only through association with IRF-1/2.39

ICSBP was shown to bind Trip15 (CSN2), which is a com-
ponent of the COP9/signalosome (CSN) complex. The CSN
complex was able to phosphorylate a serine residue within the
IAD of ICSBP, the residue of which phosphorylationis essen-
tial for efficient association with IRF-1.39)
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IMMUNODEFICIENCY OF ICSBP~/~ MICE

The phenotype of ICSBP™/~ mice suggested a previously
unpredicted role of ICSBP in myeloid cell development7?
ICSBP~/~ mice not only are immunodeficient because of de-
fects in macrophage function but also develop a chronic myel-
ogenous leukemia (CML)-like syndrome.

ICSBP~/~ mice were found to display increased suscepti-
bility to infection with various pathogens, control of which re-
quires type II IFN (IFN-y)-mediated immunity. These patho-
gens include vaccinia and lymphocytic choriomeningitis
viruses,®” such bacteria as Listeria monocytogenes and
Yersinia enterocolitica,38-3% and such parasites as Leishmania
major and Toxoplasma gondii.*%*1) However, ICSBP~/~ mice
were able to survive infection with vesicular stomatitis virus
(VSV) or influenza A,3749 which are controlled primarily by
type I IFN (IFN-a/B)-mediated immunity and humoral immu-
nity, respectively.

Regulation of IL-12 p40 gene by ICSBP

ICSBP~/~ mice were shown to be deficient in producing
IL-12 and IFN-vy and were unable to mount a Th1-mediated re-
sponse 37-404D TL-12 is composed of the p35 and p40 subunits,
forming a heterodimer p70.4% IL-12 p40 is expressed specifi-
cally in macrophages/dendritic cells, B cells, and neutrophils
and induced on stimulation by pathogens or their components.
IFN-vy priming of cells greatly enhances the inducibility of the
IL-12 p40 gene. IL-12 governs production of IFN-vy in natural
killer (NK) cells and CD4™" T cells. IFN-1, in turn, induces ex-
pression of effector molecules that elicit potent antiviral, an-
tibacterial, and antiparasitic activities#* Strikingly, ICSBP~/~
macrophages or cells from draining lymph nodes were severely
impaired in both basal and induced expression of the IL-12 p40
gene after infection #%41) A similar impairment was noted for
peritoneal macrophages in response to various in vitro stimuli,
such as LPS, Staphylococcus aureus Cowan strain 1 (SAC), or
solubletachyzoite antigen (STAg) from 7. gondii with and with-
out IFN-y pretreatment 40-41)

On the otherhand, splenocytesor purified CD4* T cells from
ICSBP~/~ mice could produce IFN-y in vifro in response to
concanavalin A (ConA), IL-12, or anti-CD3 plus anti-CD28 an-
tibodies 404144 Administration of IL-12 induced IFN-y pro-
duction in ICSBP™/~ mice in vivo in Yersinia infection3?
ICSBP~/~ splenocytes were able to eliminate Listeria in the
Rag2~/~ background, where ICSBP was absentin T and B cells
but was normally expressed in macrophages and NK cells.3®
Therefore, expression of ICSBP in T cells appears not to be re-
quired for responding to these stimuli to secrete IFN-v. It is ap-
parent that ICSBP regulates IL-12 p40 gene activation and, as
a consequence, promotes IFN-y-dependent host resistance.

It was shown that ICSBP alone is able to activate mouse
and human IL-12 p40 promoters. In the RAW 264.7 macro-
phages line, transfection of ISCBP alone led to induction of
endogenous IL-12 p40 mRNA in the absence of IFN-vy and
LPS. Analysis of human IL-12 p40 promoter indicated that
ICSBP acts through the Ets site, known to be important for ac-
tivation by IFN-y/LPS.(!5 Although exogenous IRF-1, also
shown to be necessary for IL-12 p40 gene expression 346
had no effect on its own, it synergized with ICSBP. A DNA
affinity binding assay revealed that endogenous ICSBP is re-
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FIG. 2. A model for the role of ICSBP in immune responses against pathogens. ICSBP regulates multiple stages of immune
responses mainly through macrophage function. ICSBP induces IL-12 p40 gene expression after various stimuli, such as patho-
gens, their components (LPS, SAC, and STAg), and IFN-vy. IL-12 promotes differentiation of NK and Thl cells that secrete
IFN-vy. ICSBP also potentiates induction of some IFN-y-inducible genes including the /CSBP gene itself. This, in turn, likely

makes a positive feedback circle to achieve efficient immunity.

cruited to the Ets site through protein-protein interaction. In-
terestingly, IRF-1 was also detected in this multiprotein com-
plex on the Ets site. The complex on the Ets site also contained
PU.1 and c-Rel.®? Studies with the mouse IL-12 p40 pro-

Control retrovirus

moter, however, suggest that an additional element may par-
ticipate in activating IL-12 p40 transcription (unpublished ob-
servations). Thus, ICSBP, induced by IFN-y/LPS, acts as a
principal activator of IL-12 p40 transcription in macrophages.

»

ICSBP retr0v1rus

FIG. 3. ICSBP induces macrophage differentiation in the Tot2 ICSBP~/~ myeloid progenitor cell line. Tot2 cells, the repre-

sentative line of established ICSBP~/~ myeloid progenitor cells

, were transduced with the control retrovirus MSCV-puro (left)

or MSCV-ICSBP-puro (right). Transduced cells were stained with Wright-Giemsa 6 days after the transduction. X 600.
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ICSBP-dependent activation of IFN-vy-inducible genes

IFN-v, once called macrophage-activating factor, stimu-
lates many genes in macrophages, leading to elicitation of
macrophage activities that are fundamental to host defense
against infections.*® These activities include phagocytosis,
antimicrobial activities, cytokine production, and antigen pre-
sentation. The functions of IFN-y depend on activation of sig-
nal transducer and activator of transcription (Stat)1, which
stimulates transcription of IFN-y-inducible genes, including
ICSBP, through the GAS element. A recent study suggests
that ICSBP potentiates activation of GAS in macrophages.(3%)
Macrophages from ICSBP~/~ mice were found to be defec-
tive in inducing some IFN-vy-responsive genes, such as Fcy
receptor I (FcyRI) and nitric oxide synthase (iNOS) genes.
However, they were capable of activating Statl in response
to IFN-y. Accordingly, IFN-y activation of luciferase re-
porters fused to the GAS element was severely impaired in
ICSBP~/~ macrophages, but transfection of ICSBP resulted
in marked stimulation of these reporters, even in the absence
of IFN-vy treatment and in Statl-negative cells. DNA affinity
binding assay revealed that endogenous ICSBP was recruited
to a multiprotein complex that bound to GAS. Therefore, it is
suggested that ICSBP, when induced by IFN-vy through Stat1,
in turn generates a second wave of transcription from GAS-
containing promoters, thereby contributing to the elicitation
of the unique activities of IFN-vy in immune cells. Supporting
this idea, in ICSBP~/~ mice infected with Toxoplasma, ad-
ministration of IL-12 prolonged their survival, but only par-
tially.“D Similarly, although exogenous IL-12 or IFN-vy could
improve the course of Yersinia infection in ICSBP~/~ mice,
it failed to completely restore the impaired immunity,3% sug-
gesting that the in vivo response to IFN-y may be impaired in
ICSBP~/~ mice.

Another piece of evidence pointing to a defect in respond-
ing to IFN-y in ICSBP~/~ macrophages is that they produce a
reduced amount of reactive oxygen intermediates on IFN-y
stimulation 3% Consistent with this, EICE-like elements in the
promoters of the CYBB and NCF2 genes were shown to be
bound and activated by ICSBP together with PU.1 and IRF-1
in U937 cells.?84¥) The CYBB and NCF2 genes encode p97Phox
and p67Ph°x, respectively, which are IFN-vy-inducible subunits
of the phagocyte respiratory burst oxidase catalytic unit.

Together, ICSBP regulates multiple stages of immune re-
sponses in macrophages. By virtue of regulating IL-12 p40 gene
induction, ICSBP clearly affects differentiation of NK and Th1
cells that secrete IFN-y. ICSBP is also involved in the subse-
quent phase of infection by potentiating activation of IFN-y-in-
ducible genes (Fig. 2).

ROLE OF ICSBP IN MYELOID
CELL DIFFERENTIATION

A CML-like syndrome in ICSBP~/~ mice

Unexpectedly, ICSBP~/~ mice were found to develop a syn-
drome resembling CML in humans.3” The most significant
alteration was a systemic expansion and infiltration of granu-
locytes (predominantly mature neutrophils), causing lymph-
adenopathy and hepatosplenomegaly, which was observed in
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essentially 100% of ICSBP™/~ mice. The appearance of
pseudo-Gauchercells and hyperplasiaof plasma cells also were
observed. The bone marrow exhibited a marked hypercellular-
ity due to an increase in mature granulocytes and their precur-
sors. The disease was noticeable by day 17 of embryogenesis,
progressed with age, and became neutrophilia in peripheral
blood. Other organs infiltrated by these cells included liver, my-
ocardium, lungs, and kidneys. It was also shown that ICSBP~/~
hematopoietic progenitorcells display significantly reduced ad-
hesion to fibronectin#? These alterations simulate the chronic
phase of CML in humans. Similar hematopathologicalterations,
although in a quantitatively reduced form, were observed also
in ICSBP*/~ mice.

Transition of the chronic phase to a fatal blast crisis is a char-
acteristic feature of human CML. Approximately 33% of
ICSBP~/~ and 9% of ICSBP*/~ mice died by 50 weeks of age,
with features indicating a transition to a blast crisis.3” Sys-
temic expansion of immature leukemic cells accompanied
striking lymphadenopathy, hepatosplenomegaly, a marked en-
largement of all abdominal organs, and severe leukocytosis
(>100,000/ul). Cytochemistry results indicated that many of
the immature cells belonged to the granulocyte lineage. In ad-
dition, immunochemistry and Southern blot analyses of Ig
heavy chain gene Jy organization indicated the involvement of
B lymphoid cells, clonality of the leukemic cells, and a biphe-
notypic or triphenotypic nature of blast transformation. Normal
mice injected with cells from mice in blast crisis developed acute
leukemia within 6 weeks of transfer. Therefore, it was suggested
that ICSBP regulates the proliferation and differentiation of he-
matopoietic cells and may act as a tumor suppressor.

It has been reported that ICSBP expression is reduced in
CML and acute myeloid leukemia (AML) patients.®? IFN-q,
the effective cytokine for therapy of CML, induced ICSBP ex-
pression in vivo, and the ICSBP expression correlated with pre-
treatment risk features and cytogenetic response to IFN-« in
CML..®D In the mouse model with a CML-like disease induced
by Ber-Abl, ICSBP expression was also downregulated. Inter-
estingly, the mouse disease was ameliorated by coexpression
of ICSBP.6?

Furthermore, it was shown that forced expression of ICSBP
induces potent immunity against Ber-Abl-induced leukemia in
mice.®¥ Although ectopic expression of ICSBP did not alter
in vitro growth of Ber-Abl-transformed BaF3 cells, in vivo leu-
kemia caused by the transformed BaF3 was completely inhib-
ited by coexpression of ICSBP. Mice that survived a challenge
with ICSBP-coexpressing transformed cells gained long-lasting
immunity against parental leukemia cells. This immune rejec-
tion was associated with T cell-mediated reactivity against cell
surface antigens specific to Ber-Abl-transformed cells. The im-
mune-mediated rejection of leukemic cells induced by ICSBP
was rapid, potent, and effective against even preestablished dis-
ease, suggesting that ectopic ICSBP expression may provide a
novel immunotherapeutic strategy for Ber-Abl-positive leuke-
mia patients. ICSBP may play an important role in the patho-
genesis of leukemia not only as an intrinsic regulator in the leu-
kemic cells but also as an immune regulator.

Regulation of myeloid cell growth and differentiation

It was shown that adult bone marrow and fetal liver of
ICSBP~/~ mice harbor increased numbers of progenitor cells,



ICSBP REGULATION OF MYELOID DEVELOPMENT

which are hyperresponsive to both granulocyte-macrophage
colony-stimulating factor (GM-CSF) and granulocyte colony-
stimulating factor (G-CSF) in vitro, as assessed by colony-form-
ing assay.*? Cell transfer studies showed an intrinsic leuke-
mogenic potential and long-term reconstitution capability of
ICSBP~/~ progenitors. In contrast, their response to macro-
phage colony-stimulatingfactor (M-CSF) was strongly reduced,
and, surprisingly, ICSBP~/~ colonies formed in the presence
of M-CSF were mostly granulocytes. Consistent with this, cells
of macrophage lineage (M-CSFR* F4/807 cells) in ICSBP™/~
bone marrow were significantly fewer than wild-type counter-
parts (49

Myeloid progenitor cells give rise to granulocytes and mac-
rophages. Several ICSBP~/~ myeloid progenitor cell lines were
established from mice undergoing blast crisis.®* These pro-
genitor cells grew in a GM-CSF-dependent manner and were
capable of differentiating into mature granulocytes in response
to G-CSF. Transductionof a retrovirus carrying the ICSBP gene
caused marked differentiationin the progenitorcells, leading to
generation of mature macrophages with phagocytic activity,
which coincided with the induction of DNA-binding activity
specific for ISRE and EICE (Fig. 3).5 Domain analysis of
ICSBP showed that the ability of ICSBP to induce macrophage
differentiation precisely correlated with its ability to bind to
the ISRE and EICE through interaction with IRF-2 or PU.1.
Similar to macrophages in vivo, ICSBP-transduced cells were
growth arrested at G| phase. They expressed many macrophage-
specific genes such as c-fms, Egr-1, and scavenger receptor,
and were positive for F4/80 on the cell surface. They responded
to the classic macrophage-activaing stimulus with IFN-y/LPS
and induced IL-12 p40, iNOS, and FcyR genes. In contrast,
ICSBP transduction led to repression of granulocyte-specific
genes, such as C/EBPa and € and G-CSF receptor genes.
Furthermore, ICSBP inhibited G-CSF-mediated granulocyte
growth and differentiationin the ICSBP ™/~ progenitorcells and
in the 32Dcl.3 myeloid progenitor cell line.5* Recently, we ob-
served very similar results using freshly isolated Lin~ bone
marrow progenitor cells (H. Tsujimura, T. Nagamura-Inoue,
T. T., and K. O., unpublished observations). These results sug-
gest that whereas ICSBP stimulates expression of genes im-
portant for macrophage differentiation, it represses a series of
genes required for granulocyte differentiation and that the two
events are internally coupled through the action of ICSBP (Fig.
4). The dual mode of ICSBP action indicates that it plays a crit-
ical role in the lineage selection of myeloid progenitor. This fits
well with in vivo expression profiles of ICSBP. ICSBP ex-
pression begins early in hematopoiesis and is expressed at
higher levels in macrophages than in granulocytes (unpublished
observations) %)

ICSBP regulation of apoptosis in myeloid cells

Myeloid cells (Gr1* as well as Mac1™ cells) from ICSBP ™/~
were shown to exhibit reduced spontaneous apoptosis. Further,
in ICSBP~/~ cells, there was a significant decrease in the sen-
sitivity to apoptosis induced by DNA damage.®® In contrast,
apoptosis in ICSBP™/~ thymocytes was unaffected. Overex-
pression of ICSBP in the human U937 myelomonoblastic leu-
kemia cell line enhanced the rate of spontaneous apoptosis and
increased the sensitivity to apoptosisinduced by etoposide, LPS
plus ATP, or rapamycin. Programmed cell death induced by
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etoposide was specifically blocked by peptides inhibitory for
the caspase-1 or caspase-3 subfamilies of caspases. Cells over-
expressing ICSBP had enhanced expression of caspase-3 pre-
cursor protein and decreased expression of Bcl-X(L). These re-
sults indicate that ICSBP modulates survival of myeloid cells
by regulating the expression of apoptosis-related genes. The re-
duced apoptosis may contribute to quantitative and qualitative
changes in the ICSBP~/~ myeloid progenitor cells, as well as
to their progeny, further promoting the overgeneration of gran-
ulocytes (Fig. 4).

Transcriptional pathways regulated by ICSBP

At present, immediate target genes activated or repressed by
ICSBP that can trigger differentiation in the progenitor cells
have not been identified. It is interesting to note that ICSBP in-
duces a zinc finger transcription factor Egr-1 that has been im-
plicated in macrophage differentiation®”) although studies of
Egr-17/~ mice indicated the presence of redundant mechanisms
capable of compensating Egr-1 activity *® ICSBP may act up-
stream of Egr-1, and once Egr-1 is induced by ICSBP, it may
generate a secondary cascade of gene expression emanating
from Egr-1.

One of the proteins that directly interact with ICSBP is the
Ets transcription factor PU.1, which regulates the expression of
numerous myeloid-specific genes.®® PU.1~/~ mice do not pro-
duce mature macrophages and have very few granulocytes ¢?
In view of the fact that ICSBP and PU.1 cooperate to activate
anumber of myeloid-specificgene promoters through the EICE,
PU.1 is an obvious candidate partner with which ICSBP regu-
lates myeloid cell development.

ICSBP also interacts with IRF-1 and IRF-2 and antagonizes
IRF-1 activation of promoters through the standard ISRE. How-
ever, ICSBP and IRF-1 cooperate to activate transcription
through some target elements.(!3:28:3048)  Although neither
IRF-17/~, IRF-27/~, nor IRF-17/7/IRF-27/~ mice were re-
ported to have defects in myeloid differentiation, in light of
well-known anti-oncogenic and proapoptotic functions of IRF-
1 and the oncogenic potential of IRF-2,6D ICSBP may regu-
late growth/apoptosis-related genes in myeloid cells by inter-
acting with IRF-1 or IRF-2 or both.

Myeloid progenitor cells

Macrophages Granulocytes
FIG. 4. Model for the role of ICSBP in myeloid cell devel-
opment. ICSBP starts to affect the proliferative potential of
myeloid cells at the progenitor cell level. Further, ICSBP reg-
ulates lineage selection of myeloid progenitor cells. It directs
them to differentiateinto macrophages and facilitates their func-
tional maturation while it inhibits growth and differentiation of
granulocytes. ICSBP positively regulates apoptosis in myeloid
cells.
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Several studies have investigated the expression and poten-
tial role of IRF-4 in macrophages(?3:27-30-62) JRF-4 is similar to
ICSBP in structure, interacts with some common partners (PU.1
and E47), and regulates an overlapping set of target promot-
ers.31:32.63.69) IRF-4~/~ mice develop progressive generalized
lymphadenopathy and have severe defects in B and T lympho-
cyte function.®> However, information on the development of
myeloid cells in these mice is not available. It is possible that
ICSBP and IRF-4 have an overlapping role and can compen-
sate the loss of each other to a limited degree. It would be of
interest to generate and examine ICSBP~/~/IRF-4~/~ double
mutant mice.

In conclusion, ICSBP is an IRF member dedicated to the
growth and differentiation of myeloid cells and functional ac-
tivation of macrophages. Its expression profoundly affects var-
ious disease processesranging frominfections to leukemia. Fur-
ther investigation, including a genome-wide gene expression
study, may clarify the precise molecular mechanism by which
ICSBP regulates myeloid cell development.

NOTE ADDED IN PROOF

Recently, we found that another Ets transcription factor,
TEL, interacts with ICSBP to be recruited onto the ISRE (C.
Gongora, T. Kuwata, T.T., and K.O., submitted for publica-
tion). Our recent data also show that ICSBP plays a critical role
in the maturation of dendritic cells (H. Tsujimura, T.T., and
K.O., submitted).
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