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Mesenchymal stem cells (MSCs), as well as osteoblastic cells derived from these MSCs, have been shown to be
key components of the hematopoietic stem cell (HSC) niche. In this study, we wished to examine whether other
cell types that are known to differentiate from MSCs similarly regulate the stem cell niche, namely cells of the
adipocyte lineage. Recent studies have examined the role that adipocytes play in the biology of the HSCs in
different bone locations and in transplantation settings; however, none have examined their role under ho-
meostatic conditions. We compared the ability of adipocytic and nonadipocytic cell lines to support primitive
hematopoietic cells in vitro. Preadipocytic cell lines demonstrated enhanced support of hematopoietic cells.
Similarly, primary bone marrow (BM) cells treated with troglitazone, a drug that enhances adipogenesis, also
demonstrated augmented support over control-treated stromal cells. We further examined the effects of in-
creased adipocyte number in vivo under homeostatic conditions using troglitazone treatment and found that
these alterations had no effect on HSC frequency. Taken together, we demonstrate that cells of the adipocyte
lineage promote the ability of stromal cells to support primitive hematopoietic cells in vitro, yet alterations of
adipocyte number and volume in vivo have no effect. These data suggest that adipocytes are not a component of
the adult BM HSC niche under homeostatic conditions.

Introduction

Hematopoietic stem cells (HSCs) in the adult mouse
bone marrow (BM) are known to be localized near the

endosteal surface of bone or associated with sinusoidal en-
dothelium. The stromal cells surrounding the HSCs create a
nonrandom microenvironmental niche that regulates HSC
function and is composed of a number of cell types, including
mesenchymal stem cells (MSCs), osteoblasts, and endothelial
cells [1–6]. These cells act upon the HSCs through secretion of
soluble factors or by direct cell-to-cell contact mechanisms.

While the role of the MSCs, and the osteoblastic cells de-
rived from these stem cells, appears to have a clearly defined
role in regulating HSC physiology, the role of another cell
type derived from the MSCs, the adipocyte, is less clear. This
is predominantly due to opposing findings of multiple stud-
ies. It was originally assumed that adipocytes were simply
passive space fillers in the BM upon observing the turnover of
red marrow to yellow marrow attributable to age [7]. Naveiras
et al., however, identified a reduction in HSC number after
comparing adipocyte-rich tail vertebrae marrow with that of
adipocyte-free thoracic vertebrae and noted an accelerated
recovery after BM ablation of genetically modified fatless mice

[8]. More recently, peroxisome proliferator-activated receptor
gamma (PPARg) inhibitor treatment of mice following che-
motherapy led to a reduced number of adipocytes, which
correlated with an increased rate of recovery of the hemato-
poietic system [9]. These data implied that adipocytes are
predominantly negative regulators of the BM microenviron-
ment in vivo. Chitteti et al. further supported this by showing
the inefficient proliferation of Lin - c-Kit + Sca-1 + (LKS) cells
and colony-forming unit-culture production with GZL stro-
mal cell line high in adipocyte content. The negative regulative
affect being accredited to the increased expression of adipo-
nectin and neuropilin-1 [10].

Conversely, adipocytes have also been found to support
HSCs, reappearing at day 7 after irradiation injury, corre-
sponding to the initiation of hematopoietic proliferation [11].
In vitro adipocytes have been shown to be able to support
myelopoiesis and lymphopoiesis and suppress human HSC
differentiation, thus prolonging cell survival [12–14]. Ad-
ditionally, adipocytes have been found to secret adipokines,
cytokine family growth factors that play a role in hemato-
poiesis. Leptin-deficient obese ob/ob mice have impairments
in hematopoiesis, which could be restored following the
treatment with exogenous Leptin [15]. This factor also causes
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a proliferative effect in HSCs, showing increases in lym-
phopoiesis, myelomonocytic progenitor cells, and synergizes
with stem cell factor (SCF) in the proliferation of primitive
hematopoietic progenitors [16,17]. Interleukin-6 (IL-6) and
IL-8 are growth factors derived from adipocytes that have roles
in the proliferation and differentiation of hematopoietic cells
[18]. Adiponectin enhances HSC proliferation in vitro and when
expanded can more efficiently reconstitute lethally irradiated
hosts through AdipoR1-mediated signaling [19]. CXCL12-
abundant reticular cells are adipo-osteogenic progenitors that
produce large amount of CXCL12 and SCF, which are required
for the proliferation and maintenance of HSCs [20].

In this study, we investigated the role of adipocytes in
the HSC microenvironment under homeostatic conditions.
Using troglitazone, an antidiabetic drug known to be a
PPAR-g agonist [21], we increased adipocyte number both in
vitro and in vivo and observed whether these changes in
adipocyte numbers produced significant changes in primi-
tive hematopoietic cell populations. We provide evidence
that while increased adipocyte number in stromal cells led to
augmented support of primitive hematopoietic cells in vitro,
increased adipocyte number in vivo had no effect. These
results argue against a role for adipocytes in the stem cell
niche under homeostatic conditions.

Materials and Methods

Cell lines

The OP9, M2-10B4, and MC3T3-E1 cell lines were all ob-
tained from the American Type Culture Collection. The ST2
cell line was a kind gift of Dr. Baruch Frenkel, and the 3T3-L1
cell line was a kind gift of Dr. Steven Mittelman. The OP9
cell line was maintained in minimum essential medium
(a-MEM) without ribonucleosides, supplemented with 20%
fetal bovine serum (FBS) and penicillin/streptomycin (P/S;
all from Mediatech, Inc.). The MC3T3-E1 cell line was grown
in a-MEM with ribonucleosides, supplemented with 10%
FBS and P/S. The 3T3-L1 cell line was maintained in Dul-
becco’s modified Eagle medium supplemented with 10% FBS
and P/S. Both the ST2 and M2-10B4 cells lines were main-
tained in RPMI1640 supplemented with 10% FBS and P/S.
All cell lines were grown in a humidified atmosphere
at 37�C/5% CO2. To induce adipogenesis of the cell lines,
confluent cultures were maintained in the regular growth
medium supplemented with 10mM troglitazone and 1mM
dexamethasone for 2 weeks. To induce osteogenesis of the
cell lines, confluent cultures were maintained in the regular
growth medium supplemented with 50 mg/mL ascorbic acid
and 10 mM b-glycerolphosphate for 2 weeks.

Animals

Six- to 8-week-old male C57Bl/6 and B6.SJL mice (Taconic
Farms, Inc.) were obtained and used in accordance with the
University of Southern California Institutional Animal Care
and Use Committee guidelines. Mice were housed in steril-
ized microisolator cages and received autoclaved food and
water ad libitum.

Primary cell culture

BM mononuclear cells (MNCs) were obtained from the
hind limbs of C57Bl/6 mice and maintained in M5300 long-

term culture media (StemCell Technologies) until confluent.
To induce adipogenesis of primary stromal cells, BM MNCs
were maintained in the long-term culture medium with
10mM troglitazone (Sigma-Aldrich).

Cobblestone area-forming cell assay

The cell lines or primary BM stromal cells were plated in a
96-well plate at 2 · 105 cells per well as the feeder layer and
irradiated (35 Gy, cell lines; 15 Gy, primary BM stromal
cells). Whole BM MNCs isolated from C57Bl/6 mice were
seeded in serial dilution atop the confluent stromal layer. The
cells were maintained in a-MEM (Mediatech, Inc.) supple-
mented with 10% FBS, P/S, and 1mM hydrocortisone in a
humidified atmosphere at 33�C/5% CO2. The presence of
cobblestone areas was scored on week 5, and the frequency
of cobblestone area-forming cells (CAFCs) were calculated
using L-Calc software (StemCell Technologies). To examine
the role of contact versus noncontact support, BM MNCs
were plated at the same limiting dilutions into transwells
(0.2 mm Anopore Membrane; Nunc International). Media
were replaced weekly from both the 96-well plate and the
transwells. For the addition of signaling inhibitors to the
CAFC assay, inhibitors were added when BM MNCs were
plated onto the feeder layer and continually added weekly
along with media changes. Concentrations of the inhibitors
were as follows: g-Secretase Inhibitor II (30 mM; CalBio-
Chem), Dickkopf-1 (100 ng/mL; R&D Systems), and Cyclo-
pamine (5 mM; CalBioChem). To examine the role of
adiponectin, a neutralizing anti-adiponectin antibody (1mg/
mL; Abcam) was added to the culture medium and contin-
ually added weekly along with media changes.

Oil Red-O assay

Confluent cell lines or primary stromal cells were fixed
with 10% formalin and stained with Oil Red-O solution
(Sigma-Aldrich) for 10 min. Images were acquired under an
inverted Olympus phase-contrast microscope. To quantify
the staining, Oil Red-O dye was eluted with 100% iso-
propanol for 10 min. Absorbance was measured using the
Molecular Devices SpectraMax M5 at 490 nm using 100%
isopropanol as the blank.

In vivo injections

C57/Bl6 mice were injected intraperitoneally with trogli-
tazone (5 mg/kg in 0.1 mL saline solution) three times a
week for 4 weeks. The weight of each mouse was weighed
before each injection.

Histological analysis

Tibias from the troglitazone- or control-treated mice were
dissected, fixed in formalin, decalcified in Immunocal, pro-
cessed for embedding in paraffin, and sectioned at 5 mm
(Thermo Scientific; Shandon Finesse ME + ). Sections were
stained with hematoxylin and eosin (Fischer Scientific) or for
tartarate-resistant acid phosphatase-positive (TRAP + ) cells
using TRAP and alkaline phosphatase double-stain kit
(Takara Bio, Inc.) according to the manufacturer’s instruc-
tions. Pictures of stained sections were taken at 4 · magni-
fication (Carl Zeiss Axio Imager Z1 Microscope). Images
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were aligned at the growth plate starting from the left-hand
side. Visible adipocytes, > 30mm, were quantified from the
growth plate to the end of the image on the right-hand side.
Quantification of the adipocyte volume as a percentage of
the total BM volume was obtained following tracing of the
adipocytes using AxioVision software (Zeiss). TRAP + cells
were quantified across the whole-bone section in the tra-
becular bone region immediately below the growth plate.

Flow cytometric analysis

BM MNCs were stained with biotinylated lineage anti-
bodies (anti-CD3, anti-CD4, anti-CD8, anti-Ter119, anti-Gr-1,
anti-Mac-1, and anti-B220), anti-Sca-1, anti-Flk-2, and anti-
c-Kit (Pharmingen) and then labeled with a secondary
fluorescent-conjugated streptavidin. The cells were then
analyzed on a BD LSR II cytometer (BD Biosciences) and
gated using FlowJo flow cytometry analysis software.

Competitive repopulation assay

250,000 BM MNCs from troglitazone- or control-treated
mice (CD45.2) were mixed with 250,000 BM MNCs from a
B6.SJL mouse (CD45.1). These cells were then injected into
the tail vein of B6.SJL mice that were lethally irradiated at 9
Gy *24 h prior transplantation. Engraftment levels and
multilineage reconstitution were measured in peripheral
blood samples obtained from the tail of recipients starting
week 4. PE anti-mouse CD45.1, FITC anti-mouse CD45.2,
APC anti-mouse CD3e, PE-Cy7 anti-mouse CD11b, and bi-

otin anti-mouse B220 antibodies (all from eBioscience) were
used to stain the peripheral blood samples.

Statistical analysis

Comparison of experimental groups was performed using
the unpaired two-tailed Student’s t-test as appropriate for
the data set. P < 0.05 was considered significant.

Results

Preadipocytic cell lines demonstrate superior
support of primitive hematopoietic cells

We initially wished to test whether cells of the adipocytic
lineage would support hematopoietic cell growth in vitro. To
achieve this, we performed CAFC assays at 5 weeks with five
different cell lines. These included M2-10B4 (a mouse BM
stromal cell line derived from a C57BL/6J · C3H/HeJ F1
mouse [22]), MC3T3-E1 (a preosteoblast cell line derived
from a C57Bl/6 mouse [23]), ST2 (a BM stromal cell line
derived from BC8 mice that can differentiate into osteoblasts
and adipocytes [24–26]), 3T3-L1 (a preadipocyte substrain of
the embryonic fibroblast cell line 3T3 [27]), and OP9 (a
newborn calvaria BM stromal cell line derived from a
C57BL/6 · C3H F2–op/op mouse [28]). As shown in Fig. 1A,
the M2-10B4, 3T3-L1, and OP9 cell lines were able to support
primitive hematopoietic cells for extended periods in culture,
whereas the MC3T3-E1 and ST2 cell lines were not. The
significantly enhanced supportive capacity of the pre-
adipocyte OP9 and 3T3-L1 cell lines over the other cell lines

FIG. 1. Stromal cell line
support of primitive hemato-
poietic cells. (A) Cobblestone
area-forming cell (CAFC)
frequency of bone marrow
(BM) mononuclear cells
(MNCs) grown on stromal
layer cell lines derived from
five different cell lines rep-
resenting adipogenic, osteo-
genic, and fibroblastic cells.
(B) Long-term culture fre-
quency of BM MNCs that
had been cultured in non-
contact conditions using the
OP9 cell line as the stromal
cell layer. (C) CAFC fre-
quency of BM MNCs cul-
tured in contact conditions
in the presence of inhibitors
of the Notch pathway (g-
secretase inhibitor), the Wnt
pathway (Dickkopf-1), or the
hedgehog pathway (Cyclo-
pamine). All graphs represent
the mean of three indepen-
dent experiments, error bars
represent SEM. *P < 0.05.
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was further examined through differentiating the cell lines
toward an adipogenic lineage using troglitazone (a PPAR-g
agonist that promotes the differentiation of adipocytes from
MSCs), or an osteogenic lineage, and investigating any al-
terations in the function of the stromal cell layer. Differ-
entiation of the cells was confirmed through Oil Red-O
staining for adipogenic cells and Q-PCR of Runx2 expression
for osteogenic cells (Supplementary Fig. S1; Supplementary
Data are available online at www.liebertpub.com/scd).
These data demonstrated that the MC3T3-E1 cells were un-
able to be differentiated, whereas the ST2 cells were able to
be differentiated, yet continued to be unable to support
primitive hematopoietic cells. This is presumably due to a
lack of supportive factors released from this cell line since
ST2 cells grown under normal conditions were unable to
support hematopoietic cells, suggesting that differentiation
toward an adipogenic or osteogenic lineage could not over-
come the deficiency in the supportive ability. There were no
significant alterations in the ability of the M2-10B4 or 3T3-L1
cell lines to support week 5 CAFCs (Fig. 1A) upon differ-
entiation to the different lineages. The significant decrease in
the ability of the OP9 cell line upon adipogenic differentia-
tion to support primitive hematopoietic cells was presum-
ably due to the close to 100% conversion of the cell line to
mature adipocytes (Supplementary Fig. S1).

Enhanced cell support of the OP9 cell line is
mediated through contact-dependent mechanisms

To ascertain if the enhanced support by the OP9s was
mediated by cell contact mechanisms, we performed long-
term culture assays under normal contact conditions or by
separating the hematopoietic cells from the stromal layer
using a transwell insert (noncontact conditions). As shown in
Fig. 1B, noncontact conditions resulted in a significant
marked decrease in the ability of the stromal cells to support
primitive hematopoietic cells for extended periods of time in

culture suggesting that cell contact-dependent mechanisms
are important for the enhanced support shown by the OP9
cell line. This does not discern what known pathways may
be involved, therefore we performed CAFC assays in the
presence of inhibitors of the Notch pathway (g-secretase in-
hibitor), the Wnt pathway (Dickkopf-1), or the Hedgehog
pathway (Cyclopamine), all of which have been implicated
as regulators of HSC physiology [29–31]. As shown in Fig.
1C, all three inhibitors resulted in significant marked de-
creases in the ability of the stromal cells to support week 5
CAFCs, implying that multiple pathways are active in the
support of HSCs. Adipocytic cells have a positive augmen-
tative effect on the ability of stromal cells to support primi-
tive hematopoietic cells that seems to be driven by multiple
cell contact-dependent mechanisms.

Stimulation of adipocyte differentiation augments
primary stromal cell support of primitive
hematopoietic cells

Considering the enhanced support of primitive hemato-
poietic cells by the preadipocytic cell lines, OP9 and 3T3-L1,
we subsequently tested whether increased adipocytic cell
numbers in primary stromal cell cultures led to a similar
enhanced support of primitive hematopoietic cells in vitro.
Primary adult murine BM stromal cell cultures were grown
in the presence or absence of 10 mM troglitazone and then
assessed for their supportive ability in CAFC assays. Tro-
glitazone treatment led to a marked increase in the number
of adipocytes in primary stromal cell cultures confirming the
biased differentiation toward the adipocytic lineage (Fig. 2A;
Supplementary Fig. 2). It has been reported that troglitazone
can have an effect on the differentiation of cells of the
myeloid lineage as well, although there are conflicting re-
ports as to whether it stimulates or inhibits osteoclast
function [32–34]. Therefore, we assessed the fraction of
myeloid cells in the stromal cell layers and found them to be

FIG. 2. Effect of increased adipocyte number on primary stromal cell support of primitive hematopoietic cells. BM MNCs
were grown as stromal layers in the presence of 10mM troglitazone or control dimethyl sulfoxide (DMSO). (A) Quantification
of the total adipocyte concentration following solubilization of the Oil Red-O dye. (B) CAFC frequency of BM MNCs co-
cultured on stromal cell layers grown in the presence of troglitazone or control conditions. Five independent experiments are
shown, with the mean represented as the solid line. (C) CAFC frequency of BM MNCs co-cultured on stromal cell layers
grown in the presence of troglitazone or control conditions with added neutralizing anti-adiponectin antibody. Two inde-
pendent experiments are shown. *P < 0.05; **P < 0.001.
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comparable (96.8% for control-treated cells vs. 94.9% for
troglitazone-treated cells). Analysis of the number of
TRAP + osteoclastic cells in the stromal cell layer demon-
strated an almost undetectable level in the control cultures,
which was not increased in the troglitazone-treated stromal
cell layer (data not shown). Assessing the ability of these
troglitazone-treated stromal cells to support primitive he-
matopoietic cells, these conditions demonstrated a signifi-
cant enhancement in their ability to support week 5 CAFCs
(Fig. 2B). Since adiponectin has been shown to increase
HSC proliferation in vitro, we examined whether this
played a role in the enhanced support of the troglitazone-
treated stromal layers. Analysis of the fold change in the
CAFC frequency in the presence of a neutralizing anti-
adiponectin antibody did not result in any changes (Fig.
2C), further suggesting that the effects were not due to a
secreted factor, rather cell contact-dependent mechanisms.
These in vitro experiments, though, confirm that cells of the

adipocytic lineage promote the proliferation and/or survival
of primitive hematopoietic cells.

Troglitazone treatment leads to increased BM
adipocyte frequency

To enable us to examine the role of adipocytes in the HSC
niche in vivo, we first wished to establish a model where
cells of the adipocyte lineage are specifically modulated.
Troglitazone has previously been used to increase adipocyte
volume in the BM of mice through addition of it to food [35].
In our study, we treated wild-type C57Bl/6 mice with 5 mg/
kg of troglitazone three times per week for 4 weeks. This
treatment did not lead to any observable differences in the
weight of the treated mice compared with controls (Fig. 3A),
suggesting that subcutaneous or visceral fat was not signif-
icantly affected. However, the examination of the BM
through histological analysis confirmed a specific significant

FIG. 3. Troglitazone treatment increases the number of adipocytes in the BM. Mice were treated with troglitazone (5 mg/kg,
three times per week) or DMSO control for 4 weeks. (A) Percent increase in total body weight of the mice over the treatment
period. These data represent the mean of three independent experiments, with five mice in each group for each experiment.
(B) Quantification of the number of adipocytes in each section. The dotted lines represent an individual experiment where
five mice were examined in each group. The solid line represents the mean of all experiments. (C) Quantification of the
volume of the adipocytes expressed as a percentage of the total BM volume of the same sections. These data represent
the mean of three independent experiments, with five sections in each group for each experiment. (D) Quantification of the
number of tartarate-resistant acid phosphatase-positive (TRAP + ) cells in the metaphysis region of each section. These data
represent the mean of three independent experiments, with five sections in each group for each experiment. *P < 0.05.
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increase in the number of adipocytes in the BM (Fig. 3B;
Supplementary Fig. S3), as well as an increase in the total
adipocyte volume relative to total BM volume (Fig. 3C). As
discussed earlier, troglitazone may affect the differentiation
of the osteoclasts, which may in turn affect the HSCs [36,37].
Therefore, we quantified the number of TRAP + cells in the
BM. No significant differences were observed (Fig. 3D),
suggesting that the effects of Troglitzone were limited to cells
of the adipogenic lineage. This model therefore provided us
with a method in which to examine the specific effects of
increased adipocytic cells in vivo on the primitive hemato-
poietic cells under homeostatic conditions.

Increased adipocyte frequency does not alter HSC
frequency in vivo

To assess whether the increase in adipocyte frequency and
volume in the BM resulted in alterations of the primitive
hematopoietic cells, we examined the frequency of these cells
in the BM following troglitazone treatment of C57Bl/6 mice.
As shown in Fig. 4A, troglitazone treatment did not result in
any significant alteration in the cellularity of the BM. Ana-
lysis of the primitive hematopoietic cell subsets similarly did
not show any significant differences in the frequency of the
more primitive Lin - c-Kit + Sca-1 + Flk-2 - (LKSF- ) or the more
differentiated LKSF + or lin - c-Kit + cells (Fig. 4B–D). Since no
alterations in the frequency of the cells do not necessarily rule
out a functional change in the HSCs, we next performed a

competitive repopulation analysis of HSC function. Trans-
planting BM MNCs derived from troglitazone- or control-
treated mice, we did not observe any significant difference in
the contribution to hematopoiesis at early or late time points
(Fig. 4E), again suggesting that the increase in adipocyte fre-
quency in the BM did not lead to functional differences in the
primitive hematopoietic cells. Therefore, from these data, we
can conclude that an increase in adipocyte number and vol-
ume in the BM does not influence the biology of the HSCs and
thus are not a key component of the HSC niche.

Discussion

While the role of the MSCs, and the MSC derived osteo-
blastic cells, in the HSC niche have been extensively de-
scribed [1–3], the role of other MSC derived cells, specifically
the adipocyte, remains controversial. Initial reports sug-
gested that adipocytes may be positive regulators of HSC
function; however, this was based on studies examining the
effects of adiponectin on the expansion of a purified HSC
population ex vivo, rather than the effects of the adipocytes
themselves [19]. More recently, a key study, which suggested
that adipocytes are negative regulators of the stem cell niche,
made these conclusions from examining the frequency of the
HSCs in adipocyte-rich tail vertebrae marrow to that of
adipocyte-free thoracic vertebrae [8]. An important caveat
here is that it is not clear if the two different locations also
differ in the composition of other stromal supportive cells,

FIG. 4. Effect of in vivo troglitazone treatment on the frequency and function of primitive hematopoietic cells. Mice were
treated with troglitazone (5 mg/kg, three times per week) or DMSO control for 4 weeks and the BM MNCs were obtained.
(A) Cellularity, (B) Lin - c-Kit + Sca-1 + Flk-2 - (LKSF - ) cell frequency, (C) LKSF + cell frequency, and (D) lin-c-Kit + cells
frequency is shown. (E) Competitive transplant of BM MNCs from troglitazone- or control-treated mice following 4 weeks of
treatment. (F) Engraftment in the BM at the 6-month time point. These data represent the mean of three independent
experiments, with five mice in each group for each experiment, error bars represent SEM.
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not just cells of the adipocytic lineage, and thus may have an
influence on the primitive hematopoietic cells.

A recent study has provided evidence for the existence of
two distinct niches in the BM, a reconstituting niche and a
homeostatic niche [38]. Previous studies have shown an ac-
celerated recovery of the hematopoietic system after BM
ablation of genetically modified fatless mice, thus adipocytes
presumably play a negative role in the proposed recon-
stituting niche. Here, we wished to examine the role of the
adipocyte in the adult murine BM homeostatic niche. We
first examined the supportive capacity of different cell lines
and found the OP9 and 3T3-L1 preadipocytic cell lines to be
superior. The OP9 cells line is a commonly used cell line to
support primitive cells, including those of the hematopoietic
and embryonic lineages [39,40]. While this demonstrated the
crucial role of cell contact for the augmented support, we
further wished to analyze mature adipocytes in a primary
setting. Therefore, we chose a model system where we could
specifically modulate cells of the mesenchymal lineage to
preferentially differentiate toward adipocytes. Troglitazone
is an antidiabetic drug that acts as an agonist for PPAR-g
[21]. Culture of primary BM stromal cells with troglitazone
resulted in a significant increase in the frequency of adipo-
cytes, which actually led to an increased support of primitive
hematopoietic cells. Why these results are in contrast to those
previously published in vitro reports [10] are not clear, but it
may be due to our use of primary BM cells.

We further examined the effects of troglitazone in vivo
and demonstrated that we could specifically increase the
frequency of adipocytes in the BM following 4 weeks of
treatment, with no other increases in body weight. This
suggested that subcutaneous or visceral fat was not signifi-
cantly affected and that other observations would not be
significantly affected by other side effects induced by the
treatment including alterations in hormone levels. In contrast
to the augmented support of primitive hematopoietic cells in
vitro, in vivo increases in adipocytes had no effect on the
hematopoietic stem or progenitor cells. This is in contrast to
previous in vivo studies but may reflect key differences be-
tween the reconstituting and homeostatic niche. Other
studies by us have shown that the manipulation of the
stromal compartment over a 4-week period led to significant
changes in the primitive hematopoietic cell frequency [2].
The reasons for the lack of an effect on the primitive hema-
topoietic cells in this model system are many; however, one
may relate to the fact that the adipocytes are not co-localized
with the HSCs. In an in vitro setting, cell-to-cell contact
mechanisms are inherently being altered by forcing HSCs to
contact cells in ways that normally may not occur in vivo.
These forced interactions may demonstrate an effect on the
support of HSCs, yet may not correctly reflect in vivo
physiology. It is thus important to validate these in vitro
observations in a more natural homeostatic environment.
Troglitazone treatment allowed for the selective increase in
adipocyte volume and number, while seemingly not affect-
ing any other component of hematopoiesis. As suggested in
Supplementary Fig. S3, the increase in adipocytes was not
localized to one region of the BM cavity, rather they appear
to be in a random distribution. However, to formally rule out
adipocytes as being active in the hematopoietic niche under
homesostatic conditions, direct visualization of the HSCs in
real time would have to be performed. Unfortunately, this

has only been achieved with moderate success recently
[41,42]. Our functional data thus argue against a role of ad-
ipocytes in the HSC niche under homeostatic conditions.
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