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The glucocorticoid receptor (GR) coordinates a multitude of physiological responses in vivo. In vitro,
glucocorticoids are required for sustained proliferation of erythroid progenitors (ebls). Here, we analyze the
impact of the GR on erythropoiesis in vivo, using GR-deficient mice or mice expressing a GR defective for
transactivation. In vitro, sustained proliferation of primary ebls requires an intact GR. In vivo, the GR is
required for rapid expansion of ebls under stress situations like erythrolysis or hypoxia. A particular,
GR-sensitive progenitor could be identified as being responsible for the stress response. Thus, GR-mediated
regulation of ebl proliferation is essential for stress erythropoiesis in vivo.
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Glucocorticoids (GCs) are lipophilic hormones that regu-
late various physiological responses and developmental
processes by binding to and modulating the transcrip-
tional activity of their cognate nuclear receptor (GR)
(Beato et al. 1995; Cole et al. 1995; Miller and Tyrrell
1995; Tronche et al. 1998). The GR is widely expressed
in vertebrate cells. In its liganded form, the GR modu-
lates transcriptional activation or repression of target
genes. Whereas activation occurs by cooperative binding
of a GR homodimer to glucocorticoid responsive ele-
ments (GREs) in target gene promoters, repression by the
GR uses mechanisms independent of DNA binding such
as interaction with and inhibition of transcription fac-
tors like AP-1 or NF-kB (Beato et al. 1995; Gottlicher et
al. 1998).

GR functions are essential for survival. Genetically
modified mice lacking the GR die at birth and reveal
impaired development of several organs (Cole et al. 1995;
F. Tronche unpubl. in prep.). Mice with a targeted mu-
tation in the dimerisation domain of the GR (GRdim/dim,
defective for cooperative DNA binding and consequent
transactivation but still able to transrepress) show im-
paired regulation of GRE-dependent genes but survive to
adulthood (Reichardt et al. 1998).

A poorly understood aspect of GCs is their potential to
stimulate erythropoiesis. In vitro, GCs enhance forma-
tion of murine erythroid colonies (Golde et al. 1976) and
increase proliferation of erythroid cells in the presence of

limiting amounts of erythropoietin (Epo) (Udupa et al.
1986). In humans suffering from certain anemias, GCs
can restore normal erythropoiesis (Zito and Lynch 1977;
Liang et al. 1994). In addition, pathological changes of
GC levels affect erythropoiesis: Morbus Addison, a dis-
ease caused by insufficient corticosteroid production, is
associated with anemia, whereas increased red blood cell
(RBC) count, hemoglobin, and hematocrit values are ob-
served in Cushing’s syndrome patients showing elevated
GC levels (Miller and Tyrrell 1995).

The best studied systems in which GCs affect eryth-
ropoiesis are in vitro cultures of normal erythroblasts
from chickens, mice, or humans. In these cells, the GR
cooperates with the activated Epo receptor (EpoR) and
with c-Kit, the receptor for stem cell factor (SCF), to
induce long-term proliferation accompanied by differen-
tiation arrest (Wessely et al. 1997, 1999; Reichardt et al.
1998; von Lindern et al. 1999). This proliferation induc-
tion requires the DNA-binding and transactivation func-
tions of the GR (Wessely et al. 1997; Reichardt et al.
1998).

In contrast to these in vitro findings, GRnull/null em-
bryos or GRdim/dim mice show no obvious defects in nor-
mal erythropoiesis. However, because GCs are predomi-
nantly released upon stress to maintain homeostasis
(Axelrod and Reisine 1984; Miller and Tyrrell 1995;
Tronche et al. 1998), it is conceivable that the GR might
be required for maximal expansion of a stress-related,
GR-responsive erythroid progenitor compartment. Stress
erythropoiesis is induced upon blood loss, hemolysis, or
impaired erythrocyte function during erythroleukemia
and under conditions of oxygen deprivation (e.g., as seen
at high altitudes). Several reports are in line with the idea
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that a combination of GCs, SCF, and Epo stimulate
stress erythropoiesis, similar to the requirement of this
combination of factors for in vitro expansion of imma-
ture erythroblasts (Wessely et al. 1997, 1999; von
Lindern et al. 1999). For instance, hypophysectomized
animals lacking GC release triggered by the hypothala-
mus–pituitary–adrenal (HPA) axis developed anemia
(Lindemann et al. 1969) and showed an impaired eryth-
ropoietic response to hypoxic stress (Van Dyke et al.
1954; Means and Dessypris 1993). Furthermore, abroga-
tion of c-Kit activation impairs the stress response to
hemolysis (Broudy et al. 1996). Finally, Epo levels are
increased in response to hypoxia (Guillemin and Kras-
now 1997). Interestingly, stress erythropoiesis mainly
occurs in the spleens of mice, whereas bone marrow
erythropoiesis is hardly affected (Ou et al. 1980; Broudy
et al. 1996).

In this paper we demonstrate that GR function is es-
sential for the expansion of immature erythroid cells
during stress erythropoiesis. In vitro, erythroid cells
from fetal livers of GRnull/null or GRdim/dim mice fail to
undergo sustained proliferation in contrast to wild-type
cells. Upon hemolysis in vivo, wild-type mice responded
with strongly increased numbers of colony-forming
units–erythroid (CFU-Es) in their spleens, whereas
GRdim/dim mice showed no response. Similarly, rapid ad-
aptation to hypoxic stress by increases in erythrocyte
count, hematocrit, and hemoglobin content of peripheral
blood was observed in wild-type but not in GRdim/dim

mice. GR-dependent expansion upon stress was re-
stricted to a specific erythroid compartment showing a
unique combination of surface antigens. Finally, lethally
irradiated wild-type mice grafted with fetal liver cells
from GRnull/null embryos showed similar defects in
stress erythropoiesis as GRdim/dim mice, supporting the
conclusion that GR activation in erythroid progenitors
(ebls) is required for enhanced erythropoiesis in vitro and
in vivo.

Results

Mice lacking the GR die at birth (Cole et al. 1995;
Tronche et al. 1998). We therefore used fetal livers after
onset of definitive erythropoiesis at E14.5 to compare the
proliferative potential of their ebls to those of wild-type
mice. Respective fetal liver cell suspensions were culti-
vated in serum-free medium plus SCF and Epo, together
with the synthetic GR agonist dexamethasone (Dex).
Ebls from wild-type fetal livers could be maintained in
culture for up to 14 days and yielded a 500- to 1000-fold
net increase in cell number (Fig. 1A). In similar cultures
from GRnull/null fetal livers (lacking the GR), no out-
growth of ebls could be detected (Fig. 1A). This is similar
to wild-type fetal liver cells exposed to the GR antago-
nist ZK 112.993 (data not shown; Wessely et al. 1997).
This proliferation-inducing function of the GR requires
its binding to DNA, because fetal liver ebls from
GRdim/dim mice (Reichardt et al. 1998) were similarly
impaired in proliferation (data not shown). Analysis of
cytospin preparations at day 6 of culture (Fig. 1B) re-

vealed immature, large and weakly hemoglobinized ebls
as the predominant cell type in the wild-type cultures. In
contrast, the GRnull/null cultures contained differenti-
ated, hemoglobinized reticulocytes/erythrocytes, some
granulocytes, and disintegrated cells. Thus, the GR is
required for sustained proliferation of murine ebls in
vitro.

To assess the impact of the GR defect in vivo, we used
GRdim/dim mice, because they survive to adulthood.
When peripheral blood parameters were examined, no
signs of anemia or other obvious abnormalities were
found in adult GRdim/dim mice kept in a SPF facility
under standard conditions. To address the question of
whether or not the GR would be important for stress
erythropoiesis, we challenged wild-type and GRdim/dim

mice either by drug-induced hemolytic anemia or by
hypoxia. The mice were then analyzed for typical re-
sponses such as enhanced numbers of erythropoietic pro-
genitors in the spleen (Broudy et al. 1996) or changes in
peripheral blood parameters such as increased red blood
cell counts, hematocrit, or hemoglobin content.

To induce anemia, phenylhydrazine (PHZ) was repeat-
edly injected into the mice. After 3 days, both anemic
wild-type and GRdim/dim mice showed strongly in-
creased GC levels (26–38 µg/dl) as compared with basal
levels (3–7 µg/dl). Spleen cell suspensions prepared from
these mice were then seeded into semisolid medium for
determination of erythroid colony formation. Compared
with untreated controls, we observed a strong increase of
CFU-Es in the spleen of anemic wild-type mice. This
response was completely absent in anemic GRdim/dim

mice (Fig. 2A,B).

Figure 1. Proliferation of murine ebls in vitro requires ligand-
activated GR. Fetal livers were isolated on day 14.5 from wild-
type (wt, d) and GRnull/null (h) littermate embryos. Cells were
suspended and cultivated in media containing Dex, SCF, and
Epo. (A) Cells were counted at daily intervals, and cumulative
cell numbers were determined. (B) Aliquots from the cultures
were cytocentrifuged onto slides on day 6 and processed for
histological staining. Images were taken using a CCD camera
and processed with Adobe Photoshop software. Hemoglobin
positive cells appear grey to black (Wessely et al. 1997). Note the
large ebls in wild-type cultures. This contrasts with the mostly
small, highly hemoglobinized reticulocytes/erythrocytes or
dead cells and granulocytes occurring in GRnull/null cultures.
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We were then interested in comparing spleen cells
from anemic and normal GRdim/dim and wild-type mice
for their differentiation phenotype, that is, for expression
of late and early erythroid markers as well as those
shared with more immature progenitors. Cells were
triple-stained with antibodies directed against the early
hematopoietic markers CD34 and c-Kit (CD117) and the
late erythroid-specific marker Ter119, and subjected to
FACS analysis (Fig. 3A). The proportion of c-Kit-positive
cells was found to be drastically elevated in anemic wild-
type mice. In contrast, anemic GRdim/dim mice showed
an almost unchanged ratio of c-Kit-positive to negative
cells (Fig. 3B). In particular, a distinct cell population
double-stained by c-Kit plus CD34 antibodies (gated in
Fig. 3A) was strongly up-regulated upon anemic stress in
wild-type mice but only weakly induced in mutant mice.
Interestingly, this cell population coexpressed Ter119
(Fig. 3C), indicating that the cells belong to the erythroid
lineage. Thus, expression of DNA-binding competent
GR is required for stress (erythrolysis)-induced expan-
sion of a particular type of spleen ebl displaying an un-

usual combination of surface markers (coexpression of
Ter119 and CD34).

Direct in vivo blood parameters indicative of the abil-
ity to adapt to erythropoietic stress (RBC count, hemo-
globin content, and hematocrit of peripheral blood) were
then measured upon exposing mice to low oxygen. Adult
GRdim/dim and wild-type mice were exposed to the same
hypoxic conditions (11% oxygen) for 2 days, and periph-
eral blood samples of these hypoxic animals were ana-
lyzed, in comparison to samples from control mice kept
under normoxic conditions. As expected, hypoxia in-
duced elevated GC levels in both GRdim/dim and wild-
type mice (22–35 µg/dl). When comparing RBC, hemo-
globin, and hematocrit in hypoxic versus normoxic wild-
type mice, the expected clear increases above normal
levels were observed. In contrast, none of these param-
eters were elevated by hypoxia in the GRdim/dim mice
(Fig. 4A). These results were confirmed by measuring
CFU-E colony formation by spleen cell suspensions from
the same animals, which showed hypoxia-elevated
CFU-E numbers in wild-type but not in mutant animals
(Fig. 4B).

Finally, we wanted to determine whether or not the
impaired response of GRdim/dim mice to hypoxia is due
to a cell-autonomous defect in their ebls. To generate
mice lacking a functional GR exclusively in their hema-
topoietic cells, we reconstituted lethally irradiated wild-
type mice with GRnull/null fetal liver suspensions. As
controls, similarly irradiated wild-type mice were recon-
stituted with wild-type fetal liver cells. Ten weeks after
reconstitution, the grafted mice were analyzed by main-
taining them for 2 days under hypoxic conditions and
then evaluating their blood parameters as described
above. Wild-type mice grafted with GRnull/null fetal liver
cells showed essentially no response to the hypoxic
stimulus. In the control mice grafted with wild-type
cells, however, blood parameters were clearly increased
upon hypoxia induction as compared with normoxic
controls (Fig. 5). Thus, GR expression in hematopoietic
cells is required for the adaptive response to hypoxia.
These data provide further support for the hypothesis
that the defect in stress erythropoiesis observed in
GRdim/dim mice is intrinsic to ebls lacking a func-
tional GR.

Discussion

The results presented here constitute the first conclusive
proof that nuclear hormone receptors in addition to
plasma membrane receptors (such as the EpoR and c-Kit)
are essential for aspects of hematopoiesis in vivo. Al-
though circumstantial evidence based on in vitro results
pointed to a role of the GR (Chang et al. 1993; Wessely et
al. 1997), the estrogen receptor (see von Lindern et al.
1998, and references therein), or the thyroid hormone
receptor (see Bauer et al. 1998, and references therein) in
erythropoiesis, definitive proof for an important role of
nuclear receptors in erythropoiesis in vivo was lacking,
because the particular knockout mice failed to show re-
spective phenotypes.

Figure 2. Rapid ebl up-regulation in spleen upon anemia in-
duction requires DNA-binding competent GR. Hemolytic ane-
mia was induced by PHZ injection of adult GRdim/dim mice and
their wild-type littermates. On day 3, the spleens of these mice,
as well as those from untreated GRdim/dim and wild-type mice
(two mice from each group), were isolated, cell suspensions
were prepared, and aliquots of equal amounts of cells were
seeded in duplicate into semisolid media supporting CFU-E for-
mation. (A) After 2 days the number of CFU-E was counted and
mean values and S.D.s determined. (Solid bars) Untreated;
(stippled bars) anemic. (B) Pictures of colonies in semisolid me-
dium were taken, and images were processed as described in Fig.
1. The arrows point to CFU-Es. Similar results were obtained in
a second, independent experiment (data not shown).

Bauer et al.

2998 GENES & DEVELOPMENT

 Cold Spring Harbor Laboratory Press on August 25, 2022 - Published by genesdev.cshlp.orgDownloaded from 

http://genesdev.cshlp.org/
http://www.cshlpress.com


Specifically, the GR is required for the rapid expansion
of a particular ebl compartment upon induction of eryth-
ropoietic stress such as low oxygen or blood loss. Im-
paired signaling from the membrane receptors c-Kit and
EpoR (which cooperate with the GR to induce prolifera-
tion of cultured normal chicken, mouse, and human ebl)
not only affects stress erythropoiesis but also causes
erythropoiesis defects during normal development.
Thus, these defects are apparent in nonstressed mice
(Chabot et al. 1988; Wu et al. 1995; Broudy 1997). In

contrast, a prominent in vivo role of the GR in hemato-
poiesis becomes apparent exclusively in stress situa-
tions, a situation true also for effects of the GR in other
cell types and organs (Tronche et al. 1998). Following
stress induction by hemolysis or hypoxia, elevated levels
of CFU-Es were detected in spleens of wild-type but not
of GRdim/dim mice, suggesting that progenitors related to
CFU-Es home to and/or expand in the spleen in a GR-
dependent manner. A particular, stress (erythrolysis)-in-
duced ebl population was responsible for the GR-depen-
dent up-regulation of ebls. Interestingly, this population
expressed an unorthodox combination of surface mark-
ers (c-Kit/CD34/Ter119 triple positive). A similar c-Kit-
positive “stress population” of ebls was previously pre-
dicted (but not shown) to exist (Broudy et al. 1996).

What mechanisms could be responsible for GR effects
in stress erythropoiesis? Previous work suggested that
the GR modulates the balance of ebl proliferation versus
differentiation in culture by directly regulating the he-
matopoietic cell-specific transcription factors c-Myb
(Mucenski et al. 1991; Wessely et al. 1997) and GATA-1
(Pevny et al. 1991; Chang et al. 1993). Further erythroid
target genes of the GR in ebls are currently being iden-
tified (H. Beug and G. Schütz, unpubl.). Steroids such as
GCs also stimulate erythropoiesis indirectly by increas-
ing Epo production in the kidney (Fisher 1998). The mo-
lecular basis for this is unclear, because regulatory ele-
ments for transcriptional control of Epo expression are
only described for the transcription factors HIF and
HNF-4 (Galson et al. 1995; Wang and Semenza 1996;
Guillemin and Krasnow 1997) but not for the GR. Thus,
the impaired stress erythropoiesis observed in GRdim/dim

mice might be explained by abolishing both direct and
indirect stimulatory effects of the GR on erythropoiesis.
Nevertheless, the defect observed in wild-type mice
grafted with GRnull/null fetal livers emphasizes the con-
tribution of cell-autonomous GR activation in ebls to
adaptive responses to hypoxia.

If self-renewal is defined as the prolonged proliferation
of progenitors in the apparent absence of differentiation,
our findings also challenge the view that the hematopoi-
etic stem cell (HSC) is the only self-renewing cell type in
hematopoiesis. Rather, our results suggest an unex-
pected plasticity of committed progenitors allowing
their long-term expansion under particular conditions
(e.g., hypoxia in case of erythroblasts). Several problems
could arise if the small HSC compartment (Uchida and
Weissman 1992; Morrison et al. 1996) would be solely
responsible for the drastically increased production of
erythrocytes from Epo-responsive progenitors upon
erythropoietic stress (Hara and Ogawa 1976; Brewer and
Prasad 1993; Lacombe and Mayeux 1998). First, this pro-
cess might not be fast enough (e.g., completed within a
few days) to allow the organism to survive. Second, such
a high demand on the HSC compartment would increase
the risk of leukemic transformation. Hence, there is an
obvious benefit from a mechanism by which committed
progenitors closely related to mature erythrocytes un-
dergo sustained proliferation in response to particular,
stress-specific, ligand combinations that do not affect

Figure 3. Anemia-induced accumulation of erythroid, c-Kit-
positive progenitors in spleen is dependent on DNA-binding
competent GR. Aliquots of spleen cell suspensions, prepared as
described in Fig. 2, were immunostained with fluorochrome-
labeled antibodies directed against CD34, c-Kit (CD117), and
the erythroid marker Ter119. (A) Viable cells were gated and
evaluated by FACS analysis. The result is illustrated as a con-
tour plot for CD34 vs. CD117. (B) The fraction of c-Kit-positive
cells (above the horizontal line indicated in A) was quantitated
in untreated (solid bars) and anemic (stippled bars) wild-type and
GRdim/dim mice. (C) The outlined, CD117/CD34 double posi-
tive cell populations (highly enriched in the anemic wild-type
animals; A) were gated and analyzed for expression of Ter119 in
wild-type (solid line, filled in white) and GRdim/dim mice (solid
line, filled in black). The broken line shows background staining
in the absence of Ter119 antibody.
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multipotent progenitors or even the HSC. In this con-
text, it is interesting that multipotent progenitors trans-
formed by various nuclear oncogenes (Beug et al. 1995;
C. Schulte, H. Beug, and L. Wiedemann, unpubl.) require
cooperation with c-Kit for proliferation but grow in GR
antagonists, suggesting that glucocorticoids are not re-
quired for renewal of these multipotent progenitors in
culture (H. Beug, unpubl.).

Finally, our findings also provide a new answer to the
old question of how erythroleukemia caused by avian
retroviruses expressing receptor tyrosine kinase onco-
genes is induced and progresses in the chicken. Many of
these retroviruses initially cause only severe anemias in
chicks, which only later progress into full-blown leuke-
mias (see Graf and Beug 1978; Beug et al. 1985, and ref-
erences therein). In this scenario, the initial stress (ane-
mia) caused by the retrovirus might provide the eleva-
tion in GCs to stimulate the GR, which the RTK
oncoprotein requires for induction of leukemic self-re-
newal. This speculation is consistent with the fact that
retroviral capture of the thyroid hormone receptor and
its oncogenic activation to yield v-ErbA abolishes the
requirement for an activated GR (Bauer et al. 1997).
Thus, it is not surprising that v-ErbA drastically in-
creases leukemogenic potential (see Graf and Beug 1978,
and references therein).

Materials and methods

Isolation of fetal livers

Heterozygous GR+/null mice were mated, and embryos isolated
on day E-14.5. Fetal livers were isolated and individually sus-
pended in PBS by repeated, gentle pipetting. Aliquots were as-
sayed for the outgrowth of ebls or used for bone marrow recon-
stitution (see below). Embryonic body parts were used for geno-
typing by Southern blot (Tronche et al. 1999).

FACS analysis

Aliquots of fetal liver or spleen cell suspensions were incubated

with Fc Block (Pharmingen, CA) in PBS plus 1% BSA. They
were then stained with directly labeled antibodies [combina-
tions of phycoerythrin (PE)-, fluorescein isothiocyanate (FITC)-,
and allophycocyanin (APC)-labeled antibodies; all from Pharm-
ingen] against mouse c-Kit, Ter119, CD71, CD34, GR-1, and
Mac-1. After 30 min on ice, cells were washed two times and
resuspended in PBS plus 1% BSA, containing propidium iodine
as vital stain. Stained cell preparations were analyzed using a
FACS-Vantage (Becton Dickinson).

Proliferation kinetics

Fetal liver cell suspensions were seeded in modified CFU-E me-
dium (Beug et al. 1985) or serum-free medium (StemPro34, Life
Technologies) supplemented with 100 ng/ml murine SCF
(R&D), 2 U/ml human recombinant Epo (CILAG AG), IGF-I (40
ng/ml; Sigma), and the GR agonist Dex (1 µM; Sigma). The GR
antagonist ZK 112.993 (Wessely et al. 1997) was used at a con-
centration of 3 × 10−6M. Erythroblast cultures were maintained
at a density between 2 × 106 and 4 × 106 cells/ml by daily me-
dium changes plus readdition of fresh factors with or without
appropriate dilution. Growth kinetics were determined by daily
counting in an electronic cell counter (CASY-1, Schärfe-System,
Germany) and cumulative cell numbers calculated.

Analysis of fetal liver cultures by cell morphology
and histochemical staining

Cells in liquid cultures were cytocentrifuged onto slides and
analysed by combined histological/histochemical staining
(Wessely et al. 1997).

Genotyping of genetically modified mice

GRdim/dim or GRnull/null mice were genotyped by PCR (Rei-
chardt et al. 1998) or by Southern blot analysis, respectively
(Tronche et al. 1999).

PHZ treatment of mice and spleen cell colony assay

Adult mice were injected intraperitoneally with 60 mg/kg PHZ
on day 0 and day 1 as described (Broudy et al. 1996). On day 3,
blood samples were collected by heart puncture, and spleen cell
suspensions prepared by squeezing the spleen through a 70-µm

Figure 4. Lack of rapid adaptation to hypoxia in GRdim/dim mice. Adult GRdim/dim and wild-type littermates were subjected to hypoxic
conditions (11% O2) for 2 days. (A) Blood samples from hypoxia-treated mice (hatched bars; four GRdim/dim, six wild-type animals) and
untreated animals (black bars, five animals each of GRdim/dim and wild-type) were analyzed for blood parameters by an automated
hematometer (Serano 9020). Mean values and S.D.s for RBC counts, hemoglobin concentrations, and hematocrit values were calcu-
lated. The range of values determined for hemoglobin and hematocrit values in a large number of normal animals are depicted as dotted
areas (Harkness and Wagner 1995). (B) The spleens of hypoxic (three per group) and normoxic mice (two per group) were isolated, cell
suspensions were prepared, and aliquots containing equal cell numbers were plated in duplicate in semisolid medium supporting
CFU-E formation. After 2 days, the number of CFU-E was counted, and mean values and S.D.s were calculated.
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cell strainer followed by two washes with cold PBS. Cells were
resuspended in StemPro34 medium (Life Technologies) and
then seeded at various concentrations (2 × 105–2 × 106 cells/
well) into methocel containing factor combinations in four-well
dishes. Aliquots of cells were also subjected to FACS analysis
(see above). For evaluation of CFU-E, MethoCult 3236 was
supplemented with human recombinant Epo (5 units; CILAG
AG, Schaffhausen, CH), 100 ng/ml murine SCF (R&D), IGF-I
(40 ng/ml; Sigma), and LDL (40 µg/ml; Sigma), and small, com-
pact colonies were counted on day 2.

Reconstitution of lethally irradiated mice

Three-month old C57BL/6 mice were lethally irradiated with
9.5 Gy and grafted by injecting E14.5 fetal liver suspensions in
PBS (see above) into the tail vein. Ten weeks after grafting, the
mice were analyzed for their response to hypoxia.

Hypoxic stimulation of mice

GRdim/dim mice and wild-type controls, or irradiated mice re-
constituted with fetal liver cells of GRnull/null and wild-type
embryos, respectively, were kept together in one cage and sup-
plied with air containing 11% oxygen (complemented with ni-
trogen; Messer-Griesheim, Germany). GRdim/dim and controls
were challenged for 2 days with 11% oxygen. For grafted mice,
oxygen was reduced to 8% on day 2. After 2 days, blood param-
eters from all mice were analyzed. For GRdim/dim mice and their
controls, spleen CFU-Es were also evaluated (see above).

Analysis of blood values

Blood was collected either by heart puncture of anesthetized
mice or tail phlebotomy with EDTA-treated syringes or tubes.
To determine RBC, hematocrit, and hemoglobin values, 40 µl of
blood were analyzed using an automated hematometer (Serano
9020).
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