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Stem cells are broadly classified into two categories; embryonic stem cell and somatic stem cell. Both
types of stem cells can be differentiated into many cell types of the body with a different capability. Blood cells
are examples of the cells that can be derived from both embryonic and somatic stem cells, both in vivo and in
vitro. In adults, blood cells are mainly derived from hematopoietic stem cells (HSC) in the bone marrow. HSC
growth and differentiation is tightly regulated which require both intrinsic and extrinsic signals. In this
regard, transcription factors are critical for the development of HSC and specific cell lineages, in part, by
regulating the expression of hematopoietic growth factor (HGF) receptors, other transcription factors and
lineage specific genes transcription. This review will focus on the role of Id transcription factors in stem cell
fate regulation.
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The adult hematopoiesis system is a series of
cellular processes whereby short-lived mature blood
cells are continuously replenished from a pool of
rare pluripotential hematopoietic stem cells (HSC)®-.
Embryonic origin of the hematopoietic cells is meso-
dermal germ layer. Hematopoietic stem cells exist in
several areas during development including aorta-
gonads-mesonephros (AGM), yolk sac, fetal liver,
umbilical cord blood, bone marrow and peripheral
blood. Adult hematopoietic development occurs by the
sequential commitment of HSC into multi-potential pro-
genitors that give rise to more committed or restricted
precursor cells and finally into terminally differentiated
blood cells including red blood cells, platelets, T cells,
B cells, NK cell, mast cells, basophiles, eosinophils,
neutrophils, monocytes and dendritic cells. While sig-
nificant progress has been made in the purification of
HSC/progenitor cells, questions regarding the molecu-
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lar mechanism(s) that regulate self-renewal, lineage
commitment and differentiation remain central to hema-
topoiesis. In this regard, transcription factors are criti-
cal for the development of HSC (e.g. Scl/Tal1, AmI1/
Runx1, and c-Myb), and specific cell lineages (GATA-
1/erythroid, Pu.1/myeloid and lymphoid, and C/EBPa/
myeloid), in part, by 1) regulating the expression of
hematopoietic growth factor (HGF) receptors 2) regu-
lating other transcription factors 3) regulating lineage
specific genes transcription®19, Targeted disruption
of these genes results in impaired hematopoietic
development or defects in the development of specific
cell lineages. Finally, transcription factors are frequently
deregulated in leukemias, which results in enhanced
cell proliferation and the inability of these cells to
undergo terminal differentiation®71-18),

Id Transcription factors

Inhibitor of DNA-binding protein (Id) category
is a member of helix-loop-helix (HLH) transcription
factor family. There are four Id proteins, 1d1-1d4, have
been described so far. 1d1-1d3 are expressed in hemato-
poietic cells and 1d4 is expressed in non hematopoietic
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cells. Id proteins lack a basic (b) DNA-binding domain
found in other HLH proteins. The basic region of each
protein is required for DNA binding at specific sequence
motif known as the E-box (CANNTG) or the related
N-box (CACNAG)®"2, Therefore, Id proteins lack
ability to bind DNAdirectly. However, Id proteins can
regulate target gene expression®-?2, and function as
dominant negative regulators of bHLH protein activity
by forming inactive heterodimers with bHLH tran-
scription factors such as E2A, HEB, MyoD and SCL
rendering them unable to bind DNA as homodimer or
heterodimer.

Expression of Id transcription factors in embryonic
stem cells, hematopoietic stem cells, hematopoietic
progenitors and differentiated hematopoietic cells

Id transcription factors regulate the growth
and differentiation of a number of cell types®3b. In
hematopoietic cells differentiation from embryonic
stem (ES) cell in vitro model revealed that 1d1, 1d2, 1d3,
Id4 transcripts were low expressed in ES and embryoid
body (EB) stages. 1d1, 1d3 and 1d4 genes were down-
regulated during the development of blast cell colo-
nies while 1d2 was maintained®?. In this regard, Id1,
Id3 and 1d4 are considered as candidates for being
negative regulators during early hematopoiesis from
ES cell to blast cell stages. Id proteins expression pro-
file of HSC and hematopoietic progenitors has been
observed ©¥. Low level or no 1d1, 1d2 transcripts were
detected in purified HSC by real-time PCR method.
Based on the same method, these transcripts were
increased in common myeloid progenitors (CMP) and
further increased in granulocyte/macrophage progeni-
tors (GMP) suggesting that the expression of 1d1 and
Id2 increase during normal myeloid progenitor cell
maturation. On the other hand, Id1 transcripts were
decreased in megakaryocyte/erythroid progenitors
(MEP) compared to CMP and, 1d1 protein is expressed
at low levels in erythroid cells suggesting that 1d1 level
was decreased and remained low during erythroid cell
development. Furthermore, common lymphoid pro-
genitors (CLP) express low levels of Id1 and 1d2 and
purified B and T cells express little or no Id1 protein
indicating that Id1 levels remain low during lymphoid
development. 1d3 transcript was undetectable in puri-
fied HSC. 1d4 was undetectable in HSC and during
hematopoietic development from HSC. In other studies,
Id1 mRNA expression was detected in committed
hematopoietic progenitors but not in more primitive
multi-potential progenitor cells®®. In addition, while
Id1 expression correlated with a state of cell growth,
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Id2 expression correlated with a state of quiescence
and increased cell differentiation in hematopoietic
cells®3n,

Id proteins also are differential expressed in
differentiated progeny of hematopoietic progenitors®,
Id1 protein is expressed at low levels in unfractionated
bone marrow cells (BMC) and FACS purified Gr-1*-
granulocytes, while little or no 1d1 is detected in puri-
fied TER119*-erythroid cells, and B220*-B cells isolated
from BMC. However, Id expression is greatly increased
in progenitor-enriched (lineage-low, Lin') BMC (~1%
of total BMC), the BMC fraction that contains the
myeloid progenitor (MPRO)-like progenitors. In lym-
phoid subsets in the spleen, Id1 protein is weakly ex-
pressed in unfractionated spleen cells, purified B220*-
B cellsand CD3*-T cells. Thus, 1d1 is highly expressed
in progenitor enriched BMC, is decreased in purified
granulocytes, and is expressed at low levels in erythroid
and lymphoid lineages. 1d1 is down-modulated during
the final stages of granulocyte maturation, but remains
elevated in terminally differentiated macrophages
suggesting that high levels of 1d1 may be required to
promote macrophage differentiation.

Id genes also are differentially expressed in
multi-potential erythroid myeloid lymphoid (EML) cells,
which closely resemble normal HSC, and MPRO cells
that resemble more committed myeloid progenitors that
are roughly 40 hours further along in differentiation©®39.
The expression profile of 1d1 was investigated in these
2 cell types® and revealed that 1) low levels of Id1
were detected in EML cells, while higher levels were
present in MPRO cells 2) 1d1 expression is induced by
IL-3 in EML cells during myeloid cell differentiation
3) 1d1 expression was unable to induce by cytokines
that promote B cell or erythroid cell differentiation.
These data indicate that expression of 1d1 and 1d2 may
be regulated in HSC during early myeloid development.

Id1 as an intracellular regulator of hematopoietic
stem cell fate

Questions remained as to whether cell fate
decisions during hematopoietic development are the
result of internally driven programs or environmental
instructive signals®“?. For example, does HGF deter-
mine cell fate or are they permissive for survival of
certain cell lineages? One of the answers can be driven
from a study on regulation of HSC cell fate decision by
Id1 that has been observed both in vitro and in vivo®®.
Over-expression of 1d1 in EML cells blocked the eryth-
roid potential but promoted myeloid potential of this
cell line in vitro. Thus, regulation of 1d1 in EML cells
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could instruct the cells toward myeloid versus eryth-
roid cell fate. According to EML cells have differentia-
tion capability to various blood cell types as HSC,
therefore, regulation of Id protein levels in HSC could
instruct the cells toward CMP and then toward a
myeloid (GMP) versus erythroid (MEP) cell fate. The in
vivo effect of 1d1 on long-term reconstitution activity
of HSC has been investigated in a mouse model®,
HSC populations have been isolated and infected
with retroviral vectors expressing Id1 followed by
transplantation into lethally irradiated mice. After 4-6
months of transplantation, the result revealed that over
expression of 1d1 in HSC promoted myeloid develop-
ment but impaired erythroid and B cell development
in vivo. This is supported by other studies demon-
strating that transgenic mice which over-express Id1 in
the B cell lineage show impaired B cell development at
the pro-B cell stage®“#?. In addition, over-expression
of 1d1 in mouse erythroleukemia (MEL) cells inhibits
erythroid differentiation, and Id1 is down- modulated

during the terminal erythroid differentiation®43449,
In comparison, while over-expression of 1d1 does not
affect the early stages of myeloid development, high
levels of 1d1 inhibit the final stages of granulocyte but
not macrophage differentiation®. Thus, in addition to
its effects on the early stages of myeloid versus eryth-
roid or lymphoid development, 1d1 may also be a part
of a mechanism regulating the final choice between
macrophage and neutrophil development as shown in
Fig. 1.

In summary, increasing levels of 1d1 expres-
sion could promote 1) myeloid versus lymphoid lin-
eage commitment of HSC, 2) myeloid versus erythroid
cell development at the CMP stage and 3) macrophage
versus a granulocyte cell fate in committed granulo-
cyte/macrophage progenitors.
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Fig 1. Summary schematic of Id1 expression and cell fate regulation in hematopoietic development. Regulation of Id1
expression in stem cells could instruct stem cells toward myeloid cell fate versus erythroid and lymphoid cell fates.
ES = embryonic stem cell, HSC = hematopoietic stem cell, CLP = common lymphoid progenitors, CMP = common
myeloid progenitor, MEP = megakaryocyte/erythrocyte progenitor, GMP = granulocyte/monocyte progenitor, B =
B-cell, T = T-cell, M = macrophage, G = granulocyte, E = erythrocyte
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