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Summary

The sexually dimorphic distribution of adipose tissue influences the development of obesity-
associated pathologies. The accumulation of visceral white adipose tissue (VWAT) that occurs in
males is detrimental to metabolic health, while accumulation of subcutaneous adipose tissue
(SWAT) seen in females may be protective. Here, we show that adipocyte hyperplasia contributes
directly to the differential fat distribution between the sexes. In male mice, high-fat diet (HFD)
induces adipogenesis specifically in VWAT, while in females HFD induces adipogenesis in both
VWAT and SWAT in a sex hormone-dependent manner. We also show that the activation of
adipocyte precursors (APs), which drives adipocyte hyperplasia in obesity, is regulated by the
adipose depot microenvironment and not by cell-intrinsic mechanisms. These findings indicate
that APs are plastic cells, which respond to both local and systemic signals that influence their
differentiation potential independent of depot origin. Therefore, depot-specific AP
microenvironment niches coordinate adipose tissue growth and distribution.
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Jeffrey et al look at differences in fat depot expansion in male and female mice in response to a
high fat diet. Subcutaneous white adipose tissue (SWAT) expansion only occurs in females.
Furthermore depot-specific activation and differentiation of white adipocyte precursors is
determined by the microenvironment rather than cell-intrinsic differences.

Introduction

The increasing rates of obesity and obesity-associated pathologies around the world
highlight the need for an understanding of the mechanisms that underlie white adipose tissue
(WAT) growth in vivo. The distribution of WAT into subcutaneous (SWAT) and visceral
(VWAT) depots in obesity has strong links to metabolic disease. Increased VWAT mass is
strongly associated with cardiometabolic risk and mortality across ethnicities (Coutinho et
al., 2011; Lee et al., 2014; Nazare et al., 2012; Phillips and Prins, 2008; Pischon et al., 2008;
Wormser et al., 2011). In contrast, elevated SWAT mass has been associated with
improvements in plasma lipid profile, insulin sensitivity, blood pressure, and atherosclerosis
(Appleton et al., 2013; Heitmann and Lissner, 2011; Manolopoulos et al., 2010; Snijder et
al., 2003). These data suggest that the mechanisms underlying depot-specific WAT growth
are directly relevant to metabolic health and disease, yet the regulation of this process in
vivo is not well understood.

Subcutaneous and visceral adipose depots display an array of differences including gene
expression (Cohen et al., 2014; Grove et al., 2010; Karastergiou et al., 2013), developmental
lineage (Chau et al., 2014; Krueger et al., 2014; Sanchez-Gurmaches and Guertin, 2014),
metabolic characteristics (Cohen et al., 2014; Karastergiou and Fried, 2013; Tran et al.,
2008), and adipokine secretion profiles (Shi et al., 2009). Interestingly, males preferentially
accumulate visceral adipose tissue, while premenopausal females accumulate more
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subcutaneous adipose tissue (Palmer and Clegg, 2015). In humans, these patterns of adipose
distribution result in characteristically female “pear-shaped” obesity and male “apple-
shaped” obesity (Gesta et al., 2007; Karastergiou et al., 2012). In postmenopausal women,
adipose distribution shifts toward a male-like pattern, implicating sex hormones in
maintaining a balance between subcutaneous and visceral depot mass (Palmer and Clegg,
2015). Importantly, however, the cellular and molecular mechanisms underlying differential
adipose distribution in males and females are unclear.

Adipose tissue growth can occur through two distinct mechanisms: the increase in size of
existing adipocytes (hypertrophy), or the increase in number of adipocytes (hyperplasia).
Since mature adipocytes are post-mitotic, new adipocytes are derived from adipocyte
precursor (AP) cells within the stroma of all white adipose depots (Berry et al., 2014). It was
recently shown that the expansion of visceral adipose tissue in males occurs through
adipocyte hyperplasia in both mice (Jeffery et al., 2015; Wang et al., 2013) and humans
(Arner et al., 2013), while male subcutaneous adipose tissue in mice does not exhibit
significant hyperplasia in response to obesogenic stimuli (Jeffery et al., 2015; Wang et al.,
2013). Furthermore, studies of the dynamics of human adipose tissue indicate that weight
loss is mediated primarily by a reduction in adipocyte size with no significant reduction in
adipocyte number, even after bariatric surgery (Spalding et al., 2008). These data suggest
that an increase in adipocyte number in obesity may have lasting effects on energy
homeostasis and weight maintenance. Taken together, these findings indicate that depot-
specific mechanisms are important in the control of WAT growth in obesity; however, the
mechanisms driving these processes are not known.

We recently found that in male mice, obesogenic signals such as high-fat feeding or
hyperphagia lead to the proliferation and differentiation of APs in VWAT, but not SWAT
(Jeffery et al., 2015). The preferential growth of VWAT in male mice can thus be partially
attributed to increased hyperplasia; however, the mechanism(s) underlying depot-specific AP
activation remain unclear. One potential explanation for this phenomenon is that APs in
different depots have distinct intrinsic abilities to respond to obesogenic signals. Indeed,
previous reports have suggested that AP-intrinsic mechanisms are responsible for depot-
specific differences in AP gene expression, in vitro differentiation potential, and contribution
to metabolic disease (Baglioni et al., 2012; Fried et al., 2015; Loh et al., 2015; Macotela et
al., 2012). However, the mechanisms that control depot-specific AP activation in vivo have
not been investigated. Here, we show that obesogenic adipogenesis in SWAT is differentially
regulated in males and females, explaining the differences in WAT distribution between the
sexes. Furthermore, through AP transplant studies, we find that depot-specific proliferation
and differentiation of APs is determined by the depot microenvironment, and not by cell-
intrinsic differences in APs.

Adipocyte hyperplasia contributes to depot- and sex-specific WAT growth in obesity

Sex-specific patterns of adipose distribution have been well documented in humans (Gesta et
al., 2007; Karastergiou et al., 2012; Palmer and Clegg, 2015). To determine if C57B8/6/J
mice display similar phenotypes in the high-fat diet (HFD) model of obesity, we measured
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whole body fat mass (Figure 1A) and fat pad weight of the perigonadal VWAT and the
inguinal SWAT depots (Figure 1B) after 8 weeks of HFD or standard diet (SD) feeding.
Although the precise anatomic location of these depots in mice differ from humans, these
mouse depots impact metabolism similarly to human visceral adipose tissues (Barzilai et al.,
1999; Foster et al., 2010, 2011; Gabriely and Barzilai, 2003) and gluteofemoral adipose
tissue (Foster et al., 2013; Tran et al., 2008), respectively. We find that upon HFD feeding,
males accumulate more fat mass than females (Figure 1A), consistent with previous reports
(Grove et al., 2010; Medrikova et al., 2012). Interestingly, in both SD- and HFD-fed
conditions, male VWAT is significantly larger than male SWAT, whereas these two depots
are maintained at similar sizes in females (Figure 1B). These data indicate that, similar to
humans, mice are sexually dimorphic with regard to fat mass distribution in obesity.

We recently showed that HFD-feeding induces adipocyte hyperplasia in male VWAT, but not
male SWAT after 8 weeks of HFD feeding (Jeffery et al., 2015), contributing to the
preferential growth of VWAT in males. To determine whether hyperplastic mechanisms
influence sex-specific WAT growth, we used the Adiponectin-creER,; mTmG mouse model
to track the formation of new mature adipocytes in vivo in response to SD or HFD feeding.
In this model, new adipocytes that form after tamoxifen injection are mTomato+ (/m7), while
pre-existing adipocytes will remain mGFP+ (mG) (Figure 1C, S1A-B and (Jeffery et al.,
2014; Jeffery et al., 2015)). Of note, our data indicate that the low dose of 50mg/kg
tamoxifen does not significantly affect body weight (Figure S1C). Consistent with previous
findings, we observe VWAT-specific adipogenesis in males after 8 weeks of HFD feeding
(Figure 1D). Interestingly, in females we find that HFD significantly increases adipogenesis
in both VWAT and SWAT depots (Figure 1E), mirroring the similar expansion of these
depots in response to HFD (Figure 1B). We also compared the average size of the newly
formed mTomato+ adipocytes to the existing mGFP+ adipocytes within each depot after 8
weeks of diet, and found no significant differences (Figure 1F-G), which suggests the newly
formed cells contribute significantly to fat mass.

We next directly assessed the relationship between adipocyte formation and WAT depot
mass. Indeed, comparison of depot size to adipocyte hyperplasia in individual animals shows
that in male VWAT, female VWAT, and female SWAT depots, adipocyte formation is
significantly correlated with fat pad size after 8 weeks of diet (Figure 2A-D). Furthermore,
whole body fat mass is significantly correlated with adipogenesis within these depots
(Figure S2). Conversely, there is no correlation between adipocyte formation and either fat
pad mass or body fat mass in the non-adipogenic male SWAT depot (Figure 2B and S2B).
These data indicate that adipocyte hyperplasia significantly contributes to depot- and sex-
specific WAT growth in obesity.

The production of new adipocytes in vivo occurs through the proliferation and
differentiation of APs within the adipose tissue stroma (Jeffery et al., 2015; Rodeheffer et
al., 2008). In males, HFD feeding induces the transient proliferation of APs specifically in
VWAT during the first week of HFD feeding, followed by adipogenesis within this depot
(Jeffery et al., 2015). To determine whether the same mechanism of transient AP activation
also occurs in female mice upon HFD feeding, we assessed the incorporation of
bromodeoxyuridine (BrdU) into APs via flow cytometry (Figure 2E). We find that in both
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the female SWAT and VWAT depots, HFD feeding induces rapid and transient proliferation
of APs (Figure 2F and S2E-F), similar to male VWAT (Jeffery et al., 2015). Furthermore,
analysis of mature adipocyte nuclei after a 1-week BrdU pulse and 7-week chase indicates
that HFD induces significant adipocyte formation from proliferative precursors in both the
SWAT and VWAT depots of female mice (Figure 2G), whereas males on HFD display
increased BrdU-positive adipocyte formation in VWAT (Jeffery et al., 2015), but not SWAT
(Figure S2G).

Interestingly, after ovariectomy females display a more male-like pattern of AP activation in
response to HFD, with significantly reduced AP proliferation in SWAT (Figure 2H), which
suggests that sex hormones play a role in the activation of SWAT APs. To test whether
estrogen influences depot-specific AP activation, we administered estrogen to male mice via
mini osmotic pumps and assessed their AP proliferation response to HFD feeding. We find
that estrogen treatment of males results in significantly increased AP proliferation in SWAT
upon HFD feeding (Figure 21), suggesting that estrogen influences the cellular response of
the SWAT depot to diet. Taken together, these data show that adipocyte hyperplasia,
mediated by the proliferation and differentiation of APs, is an important component of
depot- and sex-specific WAT growth in obesity.

The adipose microenvironment determines adipocyte precursor activation

We next investigated the mechanisms regulating depot-specific AP activation. Previous in
vitro studies suggest that APs from SWAT and VWAT exhibit cell-intrinsic differences that
control their response to environmental cues and differentiation potential (Baglioni et al.,
2012; Loh et al., 2015; Macotela et al., 2012). To determine whether cell-intrinsic
phenomena explain depot-specific AP activation in vivo, we performed a series of AP
transplant experiments (Figure 3A). In these experiments, APs were isolated from the
VWAT or SWAT of tdTomato-expressing mice by fluorescence-activated cell sorting
(FACS), and then transplanted into either the VWAT or SWAT of congenic wild type
recipient mice. After recovery, the recipient mice were placed on either HFD or SD for 1
week, and the proliferation of tdTomato+ donor APs and tdTomato— endogenous APs was
determined by BrdU incorporation. Flow cytometry analysis of APs demonstrates
engraftment of tdTomato+ donor APs in recipient depots and permits the clear distinction
between donor and recipient AP populations (Figure 3B—C and S3A-B). In recipient mice
fed SD, neither donor nor endogenous APs are activated in either depot, indicating that
transplantation alone does not induce AP proliferation (Figure 3D-E). In recipient mice fed
HFD, APs derived from VWAT depots display high levels of proliferation when injected
back into the VWAT depot, similar to endogenous cells and APs in the uninjected
contralateral depot, supporting the ability of the transplanted cells to be activated by
obesogenic stimuli (Figure 3D). Surprisingly, SWAT-derived donor AP cells are also induced
to proliferate after HFD feeding when cells are placed in the VWAT microenvironment
(Figure 3D), but neither VWAT nor SWAT-derived APs proliferate significantly when
injected back into SWAT (Figure 3E). Furthermore, when male SWAT APs are injected into
female SWAT, their proliferation is induced by HFD (Figure S3C), despite lower levels of
engraftment (35% — 11/31) and increased background proliferation, which may be caused by
sex mismatched transplants (MVolk et al., 2015; Weiss et al., 2009). These data indicate that

Cell Metab. Author manuscript; available in PMC 2017 July 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jeffery et al.

Page 6

despite their separate developmental lineages (Chau et al., 2014; Krueger et al., 2014), the
depot-specific response of APs to HFD feeding is determined by the WAT depot
microenvironment, not by cell-intrinsic properties of APs within distinct depots.

The depot-specific regulation of both AP proliferation (Figure 2-3 and (Jeffery et al., 2015))
and adipogenesis (Figure 1) suggests that AP differentiation is also controlled by the adipose
depot microenvironment. To test this possibility, we performed transplant experiments with
APs derived from the SWAT of male mice expressing luciferase under the control of the
mature adipocyte-specific leptin promoter (Figure S3A and (Rodeheffer et al., 2008)), as
well as the m7/mG cassette (leptin-luciferase; mT/mG mice). These mice allow both non-
invasive assessment of adipocyte formation via luciferase activity and direct observation of
transplanted cells via tdTomato fluorescence. Importantly, male mice with this genetic
background (FVB/NJ) still display a VWAT-specific AP proliferation pattern in response to
HFD feeding (Figure S4B). Leptin-luciferase; mT/mG SWAT APs were transplanted into the
VWAT or SWAT of congenic wild type male recipient mice, and after recovery, mice were
placed on HFD for 8 weeks. Luciferase signal was monitored after transplant of APs
(baseline) and after 8 weeks of HFD feeding (Figure 4A). Excitingly, we find that upon HFD
feeding, SWAT-derived APs display significantly increased adipogenesis when transplanted
into the VWAT microenvironment (Figure 4B—C), but not when transplanted back into
SWAT, despite clear engraftment of injected cells (Figure S4C-E). Furthermore, confocal
analysis of adipose tissue from the luminescent region of the injected VWAT fat pad shows
the presence of lipid-filled, tdTomato+ adipocytes, (Figure 4D), further confirming that HFD
induces the differentiation of SWAT-derived APs in the VWAT microenvironment.

Discussion

Taken together, these data show that AP proliferation in response to HFD is regulated by
cell-extrinsic factors in the depot microenvironment. In the inguinal SWAT depot, systemic
levels of estrogen influence this response. The finding that APs from different WAT depots
are functionally interchangeable in vivo suggests that developmental lineage does not
irreversibly determine depot-specific AP behavior. Rather, APs are functionally plastic cells
that are influenced by their physiologic context.

We employed the Adiponectin-creER model to study WAT dynamics, which utilizes
tamoxifen treatment for cre activation and cell tracing. While higher doses of tamoxifen
have detrimental effects on WAT (Ye et al., 2015), reports are conflicting about how the
lower tamoxifen dose used here affects WAT (Hesselbarth et al., 2015; Liu et al., 2015). To
control for the potential effects of tamoxifen treatment in the Adiponectin-creER
experiments, both SD and HFD groups were treated with tamoxifen. Furthermore, if the
lower doses of tamoxifen used here had long-term effects on creER activation, as has been
shown for higher doses (e et al., 2015), we would not detect any adipocyte formation in our
lineage-tracing experiments. We also show similar patterns of depot-specific adipocyte
formation using the tamoxifen-independent BrdU tracing assay, demonstrating that the
trends in adipogenesis that we report are not an artifact of tamoxifen treatment.
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Similar to our previous studies of male mice (Jeffery et al., 2015), the BrdU and cre-based
techniques detect similar depot-specific trends in adipogenesis, but result in different
quantitative measurements of adipocyte formation, with the BrdU method consistently
displaying a much lower percentage of new cells formed. For example, in the VWAT of
HFD-fed females, the Adiponectin-creER method identifies 35.8 + 1.8% of adipocytes as
newly formed, while the Brdu method only labels 4 + 0.81% of mature adipocytes. This
discrepancy is explained by WAT biology, as the cre-based lineage tracing method assesses
the contribution of both post-mitotic preadipocytes and proliferative adipocyte progenitors,
while the BrdU technique only assesses the contribution of proliferative cells. We have
previously shown that within the WAT stromal vascular fraction, the abundant CD24~-
preadipocytes are post-mitotic, while the comparatively rare CD24+ adipocyte progenitors
proliferate in response to obesogenic stimuli, but rapidly lose CD24 expression upon
activation to generate and replenish the CD24~- preadipocytes (Berry and Rodeheffer, 2013;
Jeffery et al., 2015). This large pool of post-mitotic preadipocytes can thus contribute to
adipocyte formation without re-entering the cell cycle and incorporating BrdU. As a result,
the cre-based method assesses the adipogenic capacity of both CD24+ and CD24~- adipocyte
precursor populations combined, while the BrdU assay only quantifies the contribution of
the CD24+ adipocyte progenitors within the limited time window of the experiment.
Therefore, the elevated assessment of adipogenesis in the cre model compared to the BrdU
assay is accounted for by the differentiation of the large pool of committed, post-mitotic
preadipocytes that were formed from the proliferative CD24+ adipocyte progenitors prior to
the initiation of the experiment.

The clear links between depot- and sex-specific adipogenesis, AP activation, and fat pad
weight demonstrate the important role that AP regulation and adipogenesis play in
obesogenic WAT growth. Future studies aimed to define these regulatory signals and
compare their function in adipogenic and non-adipogenic adipose tissue microenvironments
may lead to novel approaches to control adipose tissue distribution in a manner that favors
metabolically beneficial SWAT growth over detrimental VWAT growth.

Experimental Procedures

Animals

All animal studies followed guidelines issued by Yale University’s Institutional Animal Care
and Use Committee (IACUC). See supplemental methods for details on mouse strains.
VWAT refers to the perigonadal WAT and SWAT refers to inguinal WAT in mice. For BrdU
experiments, mice were given 0.4-0.8 mg/mL BrdU in drinking water, refreshed every 2
days. High fat diet is from Research Diets (D12492). Standard diet is from Harlan
Laboratories (2018S). Analysis of body composition was performed by Echo MRI (Echo
Medical System, Houston, TX). For estrogen treatment, 8-week old male mice were
implanted with mini osmotic pumps (Alzet 1004) delivering cyclodextran-coated estrogen
(Sigma E4389) at a dose of 2ug/kg/day in PBS. Mice were allowed to recover for two weeks
after pump implantation prior to experiment initiation.
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Transplant assay

0.5-1 million APs were isolated from the indicated depot of male mice and injected into the
indicated pad of 3-6 week old congenic wild type mice. After recovery, mice were placed on
HFD or SD and treated with BrdU for 1 week then sacrificed or maintained on diet for 8
weeks prior to analysis. Left and right adipose tissue depots were excised and analyzed
separately via flow cytometry, microscopy or luminescence (see supplemental methods).

Flow cytometry

Flow cytometry preparations were performed as described in (Jeffery et al., 2015) for BrdU
analysis and (Berry and Rodeheffer, 2013) for cell sorting.

Confocal microscopy

The mT7/mG quantification experiments were performed as described in (Jeffery et al.,
2015), starting the 50mg/kg tamoxifen treatments at 8 weeks of age. See the supplemental
methods for further details. For analysis of /eptin-luciferase, tdTomato+ adipocytes
following transplantation, tissue from the luminescent region of the VWAT was dissected
and stained with HCS LipidTOX Green Neutral Lipid Stain (Invitrogen, H34475, used at 1—
100) for at least 30 minutes before being washed in PBS and mounted onto slides in
Fluoromount-G (Southern Biotech; 0100-01).

Statistical analysis

Statistical tests used are indicated in the figure legends. All statistical tests were performed
using GraphPad Prism version 6.02 for Windows (GraphPad Software). Data are expressed
as mean + SEM, and P < 0.05 was considered statistically significant. Outliers were
identified with the ROUT method test using GraphPad Prism software, setting Q to 10%.
Sample sizes for main figures are listed in Table S1, and indicate individual animals
(biological replicates).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
High-fat diet feeding induces sex-specific patterns of adipogenesis.

The amount of obesogenic adipogenesis positively correlates with fat
pad weight.

Estrogen potentiates obesogenic adipogenesis in the inguinal
subcutaneous depot.

Depot-specific adipogenesis is regulated by the adipose tissue
microenvironment.
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Figure 1. Adipocyte hyperplasia contributes to depot- and sex-specific WAT growth in obesity
(A) Body fat as a percentage of total body weight after 8 weeks of SD or HFD feeding in

male and female C57B1/6J Adiponectin-creER; mTmG mice as measured by magnetic
resonance imaging. (B) Weight of individual fat pads from male or female C57B1/6J
Adiponectin-creER, mTmG mice after 8 weeks of SD or HFD feeding. (In Aand B, n =9-
15) (C) Experimental design for Adiponectin-creER,; mTmG adipogenesis experiments. (D—
E) Representative confocal images (left) and quantification (right) of adipocyte labeling in
the indicated depots of Adiponectin-creER; mTmG male (D) or female (E) mice. (Males: n
= 4-6. Females: n = 12-15) (F-G) Average adipocyte diameter of tdTomato+ (new) and
eGFP+ (old) adipocytes from the indicated groups. (n = 4-6) Note: all data from A-E are
from tamoxifen-treated animals. Significance was determined by comparing the indicated
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groups using an unpaired two-tailed student’s t-test. Scale bar is 100uM. Error bars represent
mean + S.E.M. See also Figure S1.
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Figure 2. Fat pad weight and adipocyte precursor activation mirror depot-specific patterns of

adipogenesis

(A-D) Correlation between adipogenesis and fat pad weight in the indicated depots of male
(AB) or female (C-D) mice. Each point represents one mouse. (n = 21-26) (E)
Representative flow cytometry plots to measure BrdU incorporation into adipocyte
precursors. (F) BrdU incorporation into APs from the indicated depot of female mice
following one week of SD or HFD and BrdU treatment. (n = 5 per group) (G) BrdU
incorporation into adipocyte nuclei as measured via immunofluorescence in paraffin sections
following one week of BrdU treatment (pulse) and 7 more weeks of the indicated diet
(chase). (n = 8-10) (H-I) BrdU incorporation into APs from the indicated depot of

Cell Metab. Author manuscript; available in PMC 2017 July 12.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Jeffery et al.

Page 16

ovariectomized female (H) or estrogen-treated male (1) mice following one week of SD or
HFD and BrdU treatment. (n = 5-10) Significance in A-D was determined using
Spearman’s non-parametric two-tailed correlation analysis. Significance in F-I was
determined by comparing the indicated groups using an unpaired two-tailed student’s t-test.
Error bars represent mean + S.E.M. See also Figure S2.
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Figure 3. Adipocyte precursor activation at the onset of obesity is determined by the adipose

depot microenvironment

(A) Experimental design for AP transplant experiment. (B—C) Representative flow
cytometry histogram (B) and dot plot (C) demonstrating engraftment of donor-derived
tdTomato+ APs in the recipient depot, and BrdU incorporation into both tdTomato— and

tdTomato+ populations. (D—E) BrdU incorporation into APs in donor, en

dogenous, or

contralateral populations after 1 week of the indicated diet and BrdU treatment. (n = 3-8)
Astrisks indicate significance over SD controls. Significance was determined using one-way

ANOVA. Error bars represent mean £ S.E.M. See also Figure S3.
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Figure 4. High-fat diet induced adipogenesis of adipocyte precursors is determined by the
adipose depot microenvironment

(A) Experimental design for AP transplant experiment. (B) Representative images of mice
with luminescent signal overlay following luciferase injection at the indicated time
following transplant of APs from the SWAT of /eptin-luciferase; mTmG mice. (C)
Quantification of luminescent signal at the indicated experimental time points following
transplant of APs from the SWAT of /eptin-luciferase; mTmG mice. (n = 12) (D)
Representative image of VWAT depot with luminescent overlay showing the region with
luciferase activity in the left pad where the transplant was performed. (E) Representative
confocal images of the luminescent region in (D) showing tdTomato+ mature adipocytes
with LipidTOX staining (yellow crosses) adjacent to endogenous tdTomato— adipocytes
(white asterisks). Exposure time for each luminescent image was 1 minute. Scale bar is
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100uM. Significance was determined using an unpaired two-tailed student’s t-test. Error
bars represent mean + S.E.M. See also Figure S4.

Cell Metab. Author manuscript; available in PMC 2017 July 12.



	Summary
	Graphical abstract
	eTOC blurb
	Introduction
	Results
	Adipocyte hyperplasia contributes to depot- and sex-specific WAT growth in obesity
	The adipose microenvironment determines adipocyte precursor activation

	Discussion
	Experimental Procedures
	Animals
	Transplant assay
	Flow cytometry
	Confocal microscopy
	Statistical analysis

	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

