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SUMMARY

Activation and recruitment of thermogenic cells in
human white adipose tissues (“browning”) can
counteract obesity and associated metabolic disor-
ders. However, quantifying the effects of therapeutic
interventions on browning remains enigmatic. Here,
we devise a computational tool, named ProFAT
(profiling of fat tissue types), for quantifying the ther-
mogenic potential of heterogeneous fat biopsies
based on prediction of white and brown adipocyte
content from raw gene expression datasets. ProFAT
systematically integrates 103 mouse-fat-derived
transcriptomes to identify unbiased and robust
gene signatures of brown and white adipocytes.
We validate ProFAT on 80 mouse and 97 human tran-
scriptional profiles from 14 independent studies and
correctly predict browning capacity upon various
physiological and pharmacological stimuli. Our study
represents the most exhaustive comparative anal-
ysis of public data on adipose biology toward quan-
tification of browning after personalized medical
intervention. ProFAT is freely available and should
become increasingly powerful with the growing
wealth of transcriptomics data.

INTRODUCTION

Adipose tissue is broadly divided into white and brown, based on
key anatomic, structural, molecular, and metabolic differences
(Frontini and Cinti, 2010). White adipose tissue (WAT) is special-
ized to store chemical energy as fat, whereas brown adipose tis-
sue (BAT) can catabolize lipids and glucose for non-shivering
thermogenesis, due to the high mitochondrial mass and expres-
sion of uncoupling protein 1 (UCP1), a mitochondrial inner mem-
brane protein that dissipates energy from substrate oxidation
directly as heat.
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Although major WAT and BAT depots are located in anatomi-
cally distinct regions, brown-like, UCP1-positive fat cells can be
found sporadically and interspersed in various WAT depots in
response to cold exposure or B-adrenergic receptor agonists.
These cells have been termed beige, brite (brown-in-white), re-
cruitable or inducible brown, or brown-like adipocytes (Ishibashi
and Seale, 2010), owing to their morphological and metabolic
features that are similar to “classical” brown adipocytes and to
the expression of thermogenic genes (Shabalina et al., 2013).
Several studies have suggested that beige adipocytes can
derive from bipotential WAT precursors and mature white adipo-
cytes (Barbatelli et al., 2010; Himms-Hagen et al., 2000; Schulz
etal.,2011; Wang et al., 2013). However, the structural and func-
tional differences that distinguish them from BAT and WAT still
remain unclear.

Advance in positron emission tomography (PET) scanning
methods have allowed the discovery that adult humans contain
significant deposits of UCP1-positive brown cells in the supra-
clavicular and neck region (Farmer, 2009) as well as in multiple
human WAT depots upon exposure to various physiological
and pharmacological effectors (Cypess et al., 2013; Jespersen
et al.,, 2013; Lidell et al., 2013). Promoting the appearance of
thermogenic cells in non-classical BAT locations can increase
energy expenditure and substrate metabolism, improve glucose
tolerance, and correct hyperlipidemia, leading to a healthier
metabolic phenotype in both rodents (Bartelt et al., 2011; Min
et al., 2016; Stanford et al., 2013) and humans (Saito et al.,
2009). Quantifying the browning potential of therapeutic inter-
ventions on human BAT activation would therefore accelerate
the identification of therapeutic avenues to reduce obesity and
its comorbidities. However, this remains challenging, given that
human fat contains only a small fraction of brown and brown-
like adipocytes.

Lineage-tracing studies for the selective isolation of different
adipose cell types have been performed in mice (Bartelt and
Heeren, 2014) but are not possible in humans. Furthermore,
currently available imaging methods have a limited sensitivity,
and the resulting data are difficult to deconvolute. Besides, there
are only a handful of adipose tissue marker genes, which have



mailto:martin.jastroch@helmholtz-muenchen.de
mailto:fabiana.perocchi@helmholtz-muenchen.de
https://doi.org/10.1016/j.celrep.2018.05.021
http://crossmark.crossref.org/dialog/?doi=10.1016/j.celrep.2018.05.021&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

only been used so far to make a qualitative distinction between
human adipocytes or adipose tissue types. Those markers orig-
inate from either analyses of whole adipose tissue depots, con-
taining a great proportion of contaminating cells, or ex vivo stable
and clonally derived adipocytes (Cypess et al., 2013; Shinoda
et al., 2015; Wu et al., 2012), which are affected by in vitro cell
culture conditions. Therefore, novel approaches for the unbiased
quantification of browning capacity in patients’ fat depots are
required.

Here, we take advantage of the wealth of data on global tran-
scriptional profiling of fat depots published over the last decade
to develop a robust and automated computational pipeline,
which we call ProFAT (profiling of fat tissue types), for the sys-
tematic prediction of mouse and human adipose browning ca-
pacity based on raw gene expression data (Figure 1). First, we
identify a molecular signature of brown and white adipocytes
by integrating 51 and 52 global transcriptional profiles of mouse
BAT and WAT from seven independent studies, respectively.
Next, we develop a computational model trained on all 103 da-
tasets and show that it can correctly classify over 80 additional
mouse BAT and WAT samples from nine published studies.
Importantly, the model can estimate the degree of browning
for WAT-treated samples (beige) independently from biological
and technical differences in the anatomical location of fat
depots and in experimental models and procedures. We
also confirm that our model can be applied to humans and
predict the browning capacity of 96 samples derived from
heterogeneous tissue biopsies and ex vivo immortalized adipo-
cytes. ProFAT is freely available (http://profat.genzentrum.
Imu.de) and allows users to automatically perform hierarchical
clustering (HC), principal-component analysis (PCA), and pre-
diction of browning capacity from raw microarray and RNA
sequencing (RNA-seq) datasets.

RESULTS

A Comprehensive Mouse-Adipocyte-Centered Gene
Expression Atlas

To compile a comprehensive and unbiased gene expression
atlas of mouse fat, we systematically retrieved whole-genome
transcriptomes from microarray and RNA-seq studies on adi-
pose tissue biopsies and differentiated clonal adipocytes that
are publicly available in GEO and ArrayExpress databases. A
total of 16 independent studies on at least two clearly defined
adipocytes, for example, classical brown, white, and inducible
brown adipocytes (beige or brite), were selected for down-
stream computational analyses (Baboota et al., 2015; Fang
et al., 2015; Fitzgibbons et al., 2011; Grimaldi et al., 2010;
Long et al., 2014; Majka et al., 2010; Ohno et al., 2012; Rosell
et al.,, 2014; Seale et al., 2007; Sharp et al., 2012; Su et al.,
2004; Timmons et al.,, 2007; Wang et al.,, 2016; Wu et al.,
2012; Xue et al., 2009; Zhang et al., 2014; Table S1; Figure 2A).
Those included 174 microarray and 34 RNA-seq datasets of
high reads quality and correlation between biological replicates
(Figures S1 and S2), of which 83 were gene expression data-
sets on a variety of white fat depots originating from different
anatomical locations, such as epididymal, inguinal, gonadal,
perivascular, mesenteric, and subcutaneous WAT (Figure 2B).

In addition, it contains 63 gene expression datasets on inter-
scapular BAT and 52 on beige or brite adipocytes originated
from different WAT depots in response to treatments such as
cold, PPAR-gamma agonists (rosiglitazone, fexaramine, forsko-
lin, and roscovitine), and beta-3 adrenergic receptor agonists
(CL316,243; Figures 2A and 2B).

Gene Expression Signatures of Brown, White, and Beige
or Brite Fat

To construct a global adipose-tissue-centered gene expression
map, we aggregated transcriptional profiles from all microarray
or RNA-seqg-based studies in our atlas (Figure 1). First, spurious
differences in gene expression between studies, due to technical
variation in array platforms and sequencing libraries, were
resolved by correcting for batch effects. Next, PCA (Figure 2C)
and HC (Figures S3 and S4) were applied to evaluate the related-
ness between transcriptional profiles of BAT, WAT, and beige or
brite-depots-derived datasets from all studies. Both approaches
highlighted a strong and robust gene expression signature from
BAT- and WAT-derived samples, despite their heterogeneous
composition. On the whole-genome transcriptional level, the
variation between WAT depots, due for example to different
anatomical regions, proportion of distinct adipocytes, age,
food, and gender, had no relevant contribution to the global
WAT signature. Furthermore, the gene expression signatures
of BAT and WAT were always clearly distinct, independently
from the sequencing method (microarray versus RNA-seq), re-
flecting robust transcriptional differences in the regulation of
their physiology and metabolism. Surprisingly, perivascular
WAT (pvWAT) samples from study M9 (Fitzgibbons et al., 2011)
showed a molecular signature indistinguishable from BAT-
derived samples. This result is fully consistent with findings by
Fitzgibbons et al. that thoracic pyWAT from mice fed either a
normal or high-fat diet has virtually identical gene expression
profiles to brown adipocytes.

With the exception of samples from Wang et al. (2016) (study
M13), the transcriptional profile of beige or brite adipocytes
from other studies was not clearly distinct from either WAT or
BAT groups in both PCA and HC analyses (Figures 2C, S3, and
S4). For example, gene expression profiles of beige or brite sam-
ples from inguinal WAT (i\WAT) biopsies of C57BL6 male mice
kept in cold for 1-5 weeks (study M8; Xue et al., 2009) were
similar to that of BAT samples in the atlas, grouping together in
both PCA and HC analyses. On the contrary, beige or brite sam-
ples from subcutaneous (sWAT) and mesenteric (mMWAT) WAT
biopsies of SV129 female mice kept in cold for 10 days (study
M10; Rosell et al., 2014) showed a gene expression signature
similar to WAT samples from the same as well as from other
studies. Similarly, beige or brite adipocytes from cold acclimated
(study R1; Long et al., 2014) and fexaramine-stimulated (study
R2) iWAT and gonadal WAT (gWAT) (Fang et al., 2015) clustered
with WAT samples from other RNA-seq studies in the atlas,
whereas beige or brite adipocytes from iWAT treated with rosigli-
tazone (study R3; Sharp et al., 2012) grouped with BAT samples.

Taken together, our systematic analysis of transcriptomics
data from many published studies highlights robust gene
expression differences between BAT and WAT that are indepen-
dent of experimental procedures, sample purity, origin of fat
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Figure 2. Mouse-Adipocyte-Centered Gene Expression Atlas

(A) Summary of microarray (M1-M13) and RNA-seq studies (R1-R4) on fat samples included in the mouse-adipocyte-centered gene expression atlas. The
number of samples for each adipose tissue type within a study is indicated. The stimulus applied to induce browning of WAT (beige or brite) is specified in
parentheses (CL, CL316,243; fex, fexaramine; RG, rosiglitazone; RS, roscovitine).
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depots, and sequencing methods and can therefore be used to
predict an unbiased molecular signature of BAT and WAT.

Prediction of BAT and WAT Molecular Signatures

As afirst step toward the prediction of brown adipocytes content
(browning capacity) in whole adipose tissue depots, we identi-
fied marker genes for classical brown and white fat tissue classi-
fication (Figure 3). To this goal, we integrated 51 BAT and 52
WAT transcriptional profiles from seven out of 16 independent
studies in our atlas (M1, M2, M4, M5, M6, M7, and M12 and
R4 in Figure 2A). Data normalization and batch effect removal
were performed to ensure that differences in gene expression in-
tensities were indeed due to differential expression between BAT
and WAT sample groups. Ideally, brown and white fat-specific
markers should show an “absolute” difference in expression to
allow a clear distinction between BAT and WAT, independently
of biological differences in fat depots, sample composition
(pure populations versus whole tissue biopsies), and their
expression in other cell types. Overall, we found a total of 59
genes (Figure 3A) that were consistently and significantly differ-
entially expressed between all BAT and WAT samples (log, fold
change > 1.5 and p-adj value < 0.01). We identified several
known brown fat markers, such as Ucp1, Cidea (cell death-
inducing DFFA-like effector a), Cox7al (cytochrome ¢ oxidase
subunit VIl a polypeptide 1), and Zic1 (zinc finger protein of the
cerebellum 1), as well as white fat markers (e.g., Hoxc8 [tran-
scription factor homeobox C8]). Due to the high abundance of
mitochondria in BAT, brown fat markers included several mito-
chondrial-targeted proteins that are related to mitochondrial
biogenesis and metabolism (Calvo et al., 2016). Not surprisingly,
our marker core set was enriched in biological processes and
pathways that are known to be involved in energy production
and glucose and lipid metabolism (Figure 3B).

To further evaluate the predicted marker set, we looked for
functional associations between the 59 marker genes (Fig-
ure 3C). We employed a computational method, called iRegulon,
to reverse engineer the transcriptional regulatory network under-
lying our set of differentially expressed marker genes. iRegulon
searches for cis-regulatory regions at 10-20 kb around the tran-
scription start site (TSS) of each gene and then it looks for enrich-
ment in any of ~10,000 transcription factor (TF) motifs from
seven different databases and chromatin immunoprecipitation
(ChIP)-seq peaks associated with potential TFs. We identified
four key TFs targeting 39 out of the 59 markers, which were
also differentially expressed between WAT and BAT samples
(logs fold change > 1.5 and p value < 0.01). Those included
two well-known key adipogenic TFs and co-regulators
described in mammals, which are part of the subfamily of perox-
isome proliferator-activated receptors (Ppara, peroxisome
proliferator-activated receptor alpha; Ppargc1, peroxisome pro-
liferator-activated receptor gamma coactivator 1-alpha; Alvarez-
Dominguez et al., 2015). Another gene, Nr4a1 (nuclear receptor

subfamily 4, group A, member 1; also known as NUR77), was
previously involved in the control of Ucp1 expression (Kanzleiter
et al., 2005). In addition, we identified Gata6, a member of the
GATA factors family. Although those factors are generally
considered as negative regulators of adipogenesis, Gata6 has
not yet been implicated in the regulation of adipogenesis in
mammals (Bou et al., 2017). Next, to validate the predicted
BAT and WAT molecular signatures, we quantified the expres-
sion of each marker gene in interscapular BAT and iWAT isolated
from 16-week-old female mice kept at either thermoneutrality or
cold acclimated for two weeks at 18°C, followed by 4 weeks at
5°C, in order to induce browning (Figure S5). We confirmed
that all of our brown fat markers were indeed highly expressed
in classical BAT from both room temperature and cold-exposed
mice (Figures 3D and S6). The expression of many of those
markers, such as Ucpl, Cidea, Cox7al, and Pdk4, was also
higher in WAT from cold-exposed mice than in untreated WAT,
reflecting the induction of browning; instead, others appeared
to be brown specific (e.g., Zic1, Impdh1, Tmem246, and
Shmt1). Similar results were obtained with male mice of the
same age and background (data not shown). Notably, several
genes have not yet been associated to BAT (Aco2, Gm13910,
and Acaa?2) and WAT (Alcam, Ar, Sgpp1, and Gria3) and could
therefore represent novel BAT and WAT markers.

Automated Prediction of Mouse Adipose Tissue
Browning Capacity

To assess the thermogenic potential of fat tissues in response to
browning agents, we devised a computational model that can
predict brown and white adipocytes content (“BAT probability”;
probability to be brown-like) independently of sample purity and
experimental systems (Figure 4A). The model combines into a
single-layer neural network (SLNN) the transcriptional profiles
of 51 BAT and 52 WAT samples from M1, M2, M4, M5, M6,
M7, M12, and R4, which represent our “training set,” and the
predicted core marker set. Our choice of SLNN was justified
by a systematic comparison to the performance of other algo-
rithms, such as random forest, naive Bayes, generalized linear
model, recursive partitioning, and support vector machine (Fig-
ure S7). To this goal, each machine learning algorithm was first
trained through a leave-one-out cross-validation (LOOCV)
step, and the accuracy of different models was then assessed
based on the correct classification of BAT and WAT samples
from a “testing set” of nine independent studies (M3, M8, M9,
M10, M11, M13, R1, R2, and R3). As shown in Figure S7,
SLNN outperformed other algorithms and was therefore em-
ployed for follow-up analyses.

Next, we tested the predictive power of our model using tran-
scriptomes of white adipocytes from primary cell culture, whole
fat tissue biopsies, as well as immortalized clonal lines, in which
thermogenesis was activated by either cold, rosiglitazone (RG),
roscovitine (RS), CL316,243 (CL), forskolin, or fexaramine (fex)

(B) Sample distribution among different adipose tissue types in all microarray and RNA-seq studies. eWAT, epididymal white adipose tissue; gWAT, gonadal
white adipose tissue; iWAT, inguinal white adipose tissue; mMWAT, mesenteric white adipose tissue; N/A, not specified; pyWAT, perivascular white adipose tissue;

sWAT, subcutaneous white adipose tissue.

(C) Study-by-study principle-component analysis (PCA) of normalized gene expression data.

See also Table S1 and Figures S1-S4.
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treatment (Figures 4B and S8). The model deconvolutes the per-
centage of brown adipocytes (thermogenic cells) and calculates
the probability that a specific sample has acquired a brown-like
transcriptional signature. A browning probability close to 0% and
100% would indicate a fat sample with WAT-like and BAT-like
profiles, respectively. Instead, a browning probability close to
50% would suggest either that the tissue profile is neither
BAT- nor WAT-like (e.g., de-differentiated adipocytes and other
tissue types) or that it has features of both fat types (e.g., it con-
sists of an equal mixture of brown and white adipocytes).

As shown in Figure 4B, our model always classifies BAT and
WAT with almost 100% accuracy and predicts the thermogenic
potential of beige or brite samples to be higher than the corre-
sponding untreated WAT samples, a result that is in agreement
with the relative UCP1 expression level measured in each sam-
ple. A “positive control” in our analysis is represented by study
M9. Here, the model “misclassifies” samples from pvWAT as
having a high browning probability, thus BAT-like. However,
our prediction is fully consistent with findings from the original
study of Fitzgibbons et al. (2011), showing a virtually identical
molecular signature between pvWAT and BAT from mice fed
either a normal or high-fat diet. Notably, cold-treated sWAT
from study M10 showed both a high UCP1 expression level
and browning capacity, whereas the model predicted the same
treatment to be ineffective when applied to mWAT. This result
is consistent with previous observations that rodents’ sWAT de-
pots are more sensitive to acquisition of BAT characteristics and
have a higher thermogenic potential than visceral depots, such
as mMWAT (Seale et al., 2011; Tiraby and Langin, 2003). When
we applied our model on datasets from study M13, we found
that samples defined by Wang et al. (2016) to originate from
BAT and iWAT had a browning capacity close to 100% and
0%, respectively. Reassuringly, treatment of iIWAT with the
browning agent CL was predicted to yield a strong increase in
browning capacity, in accordance with results from functional
analyses. Similarly, we found that the thermogenic potential of
CL-based iWAT treatment was higher than either RG or RS.
Accordingly, measurements of rectal temperature in mice that
were exposed to cold after treatment with each browning agent
showed that the starting body temperature of CL-treated mice
was the highest and CL was the most potent enhancer of
glucose tolerance among all three drugs. Moreover, HC analysis
also confirmed that, at the transcriptional level, UCP1-positive
adipocytes arising in WAT of mice treated with RG and RS
were more similar to each other than to UCP1-positive cells
from CL-treated mice, which showed a transcriptome very close
to that of BAT. Accordingly, RS- and RG-treated cells expressed
several fold lower levels of Ucp? than cells from BAT and

CL-treated adipocytes. We also obtained consistent results
between our predictions and functional characterizations of
fex-treated and untreated iIWAT and gWAT from study R2.
Here, the model predicted that fex treatment would not result
in an increased browning activity of WAT. This is in agreement
with the low Ucp1 level measured in those samples and with
observations that fex-treated mice show reduction in weight
gain and improved metabolic homeostasis upon diet-induced
obesity, which was largely attributed to enhanced thermogenic
activity in BAT rather than browning of iWAT or gWAT. However,
the significance of our prediction is difficult to assess for this
study, given that only one replicate for each sample is available.

Overall, our predictions are in agreement with HC analyses,
but whereas those can only provide a qualitative classification
of each sample, our model can also estimate its thermogenic po-
tential in response to a variety of browning stimuli.

Automated Prediction of Human Adipose Tissue
Browning Capacity

To evaluate the applicability of our mouse-based model to de-
convolute browning capacity of heterogeneous adipocyte popu-
lations from human samples, we retrieved publicly available
transcriptomics analyses of human adipose tissues (Table S1;
Figures 5A and S9). Those included a total of 97 datasets from
3 microarray and 2 RNA-seq-based studies on a variety of
different experimental models: immortalized clonal preadipocyte
cell lines derived from stromal vascular fractions (SVFs) of sub-
cutaneous and deep neck of four adult human subjects (study
hM1; Xue et al., 2015); primary adipocytes isolated from paired
biopsies of deep and subcutaneous neck adipose tissue from
six patients undergoing neck surgery (study hM2; Tews et al.,
2014); adipose tissue isolated from abdominal subcutaneous
fat depots of seven type 2 diabetic (T2D) patients before and af-
ter 10 days of cold acclimation (study hM3; Hanssen et al., 2015);
pluripotent stem cell (PSC)-derived white (WAs) and brown (BAs)
adipocytes subjected to the Janus kinase 3 (JAK3) and spleen
tyrosine kinase (SYK) inhibitors tofacitinib and R406, respec-
tively (study hR1; Moisan et al., 2015); and immortalized clonal
brown and white preadipocytes isolated from SVFs in supracla-
vicular BAT and sWAT of two adult humans before and after
in vitro differentiation and in response to forskolin treatment
(study hR2; Shinoda et al., 2015). All of these studies were
used as “testing set” in the neural network model (Figure 5B),
which was trained on BAT and WAT samples from mouse-spe-
cific studies, as previously shown in Figure 4A. Each testing
dataset was first mapped through orthology to mouse genes.
Overall, we observed that the level of UCP1 expression in the
original datasets was not always correlating to the browning

Figure 3. Prediction and Validation of BAT and WAT Marker Genes

(A) Relative gene expression changes (Z score) for the predicted marker genes (53 and 6 BAT and WAT markers, respectively). MitoCarta2 is used to predict

mitochondrial localization of marker genes.

(B) Gene Ontology (GO) and pathway (Reactome) enrichment analysis of marker genes.

(C) Transcriptional regulatory network of BAT and WAT marker genes (circles) and predicted targeting transcription factors (squares). Nodes are colored based on
the log, fold change of the average expression level in BAT and WAT samples used for markers prediction (log, FC > 1.5 and p-adj value < 0.01).

(D) Experimental validation of BAT and WAT marker genes (n > 4). On each box, central line and edges represent median and 25th and 75th percentiles,

respectively, and the whiskers extend to the most extreme data points.
See also Figures S5 and S6.

3118 Cell Reports 23, 3112-3125, June 5, 2018



A Training set Mouse Testing set
(mouse BAT & WAT BAT & WAT (mouse BAT, WAT, beige/brite
datasets) marker genes datasets)

Studies: M1, M2, M4,
M5, M6, M7, M12, R4

Studies: M3, M8, M9,
M10, M11, M13, R1, R2, R3

Neural Network

Input
Layer

Hidden
Layer

Output
Layer

(]
Il
O B
Ooue

Browning capacity

M3 (Ohno et al., 2012)

WAT (training set)
iWAT_r2
. IWAT_r1
Beige/brite (RG on iWAT)_r1
Beige/brite (RG on iWAT)_r2
BAT (training set)
0 Browning probability 1

M8 (Xue et al., 2009)

WAT (training set)
iWAT_r6
iWAT_r5
iWAT_r3
iWAT_r2
iWAT_r1
IWAT_r4 R

1
[ ]
[
[
[
[
|
Beige/brite (cold on iWAT)_r3
Beige/brite (cold on iWAT)_r1
Beige/brite (cold on iWAT)_r2
Beige/brite (cold on iWAT)_r5
)r4 | I
)re| I
]

(
Beige/brite (cold on iWAT]
Beige/brite (cold on iWAT,
BAT (training set)

0 Browning probability 1

M9 (Fitzgibbons et al., 2011)

r WAT (training set)
IWAT _r1 i
IWAT_r2 T
eWAT_r2 |
iWAT_r3 |
eWAT_r3
eWAT_r1 ~

pVWAT_r2
PVWAT _r1
pVWAT_r3
BAT_r3
BAT_r1
BAT_r2
BAT (training set)

0 Browning probability 1

R1 (Long et al., 2014)

WAT
Beige/brite

training set)
cold on iWAT)_r3
Beige/brite (cold on iWAT)_r1
Beige/brite (cold on iWAT)_r2 |,
Treated BAT (cold)_r3
Treated BAT (cold)_r2
Treated BAT (cold)_r1
BAT (training set)

i

1
0 Browning probability

Z-score.
L
15 0 1.5

{

OPEN

ACCESS
Cell

M10 (Rosell et al., 2014)

WAT (training set)
mWAT_r3
mWAT_r1
Beige/brite (cold on mWAT)_r3
mWAT_r2
SWAT _r3
SWAT_r1
SWAT_r2
Beige/brite (cold on mWAT)_r2
Beige/brite (cold on mWAT)_r1 | _,
Beige/brite (cold on SWAT)_r2
Beige/brite (cold on sWAT)_r1
Beige/brite (cold on SWAT)_r3
Treated BAT (cold)_r2
Treated BAT (cold)_r1
Treated BAT (cold)_r3
BAT_r2
BAT_r1
BAT_r3
BAT (training set)

0 1
Browning probability

M13 (Wang et al., 2016)

WAT (training set)
iWAT_r2
iWAT_r4
Beige/brite (RS on iWAT)_r3
iWAT_r1
iWAT_r3
Beige/brite (RS on iWAT)_r2
Beige/brite (RS on iWAT)_r1
Beige/brite (RG on iWAT)_r1
Beige/brite (RG on iWAT)_r2 | .
BAT_r3
Beige/brite (RG on iWAT)_r3
Beige/brite (CL on iWAT)_r3
Beige/brite (CL on iWAT)_r1
Beige/brite (CL on iWAT)_r2
BAT_r1
BAT_r2
BAT (training set)

T 1

1
Browning probability

R2 (Fang et al., 2015)

WAT (training set)
gWAT_r1
Beige/brite (fex on gWAT)_r1
iWAT_r1
Beige/brite (fex on iWAT)_r1
BAT_r1
Treated BAT (fex)_r1
BAT (training set)

]
| III

1
Browning probability

R3 (Sharp et al., 2012)

WAT (training set)
iWAT_r2
iWAT_r1
BAT_r2
Beige/brite (RG on iWAT)_r1
Beige/brite (RG on iWAT)_r2
BAT_r1
BAT (training set)

i

1
Browning probability

(legend on next page)

Cell Reports 23, 3112-3125, June 5, 2018 3119



OPEN

ACCESS
CellPress

capacity predicted by our model. Overall, we found UCP1 to be a
weak classifier of brown- versus white-like depots, particularly
when analyzing human tissue biopsies. Our observation is in
agreement with previous claims that the thermogenic potential
of human adipose tissues does not directly correlate with the
simple presence of UCP1-positive cells (Rosenwald et al.,
2013). Whereas UCP1 expression can be used as a marker of
active brown adipocytes, in heterogeneous populations, it would
be insufficient to estimate brown adipocyte content. Therefore,
we evaluated the predictive value of our model in human sam-
ples where UCP1 level could not be used to quantify browning.
As an example, Tews et al. (2014) (study hM2) looked for func-
tional differences between paired adipose tissue biopsies from
deep neck, where human BAT is commonly found, and subcu-
taneous neck, where WAT is enriched. Accordingly, our model
predicted higher browning capacity in samples from deep
compared to subcutaneous neck, despite minor changes in
UCP1 expression level measured by microarray analysis. Inter-
estingly, based on our prediction, the deep neck samples of
some patients showed stronger browning capacity than others,
possibly reflecting biological variations in BAT content or tech-
nical differences in the depth of tissue biopsies between individ-
uals. In another study by Hanssen et al. (2015; study hM3),
chronic cold exposure was employed in seven human patients
with T2D as a possible strategy to improve glucose homeostasis.
Cold acclimation was previously shown to increase supraclavic-
ular BAT mass and activity and to lead to recruitment of UCP1-
positive adipocytes in other adipose tissue depots. Accordingly,
all subjects showed an increase in cold-induced glucose uptake
rate in the supraclavicular BAT region, although quite different
between the individuals. However, BAT activity and mass were
unaffected in other fat depots, such as sWAT and visceral
WAT, and no sign of browning could be detected by microar-
ray-based gene expression analysis of abdominal sWAT bi-
opsies from the same patients before and after cold acclimation.
Consistently, we also found that the browning capacity of SWAT
from each patient was unaffected by cold acclimation, given that
there was a minor difference in browning probability between
sWAT samples before and after cold exposure. These results
are in agreement with findings from multiple studies showing
that cold does not brown all human fat depots equally (Conere
et al., 1986; Leitner et al., 2017; Romu et al., 2016; Vosselman
et al., 2014). Findings from our model applied to hR1 datasets
were also in agreement with observations in the original study
by Moisan et al. (2015). Here, the JAK3 and SYK inhibitors, tofa-
citinib and R406, respectively, were shown to induce browning
of human PSC-WAs. When comparing the browning probability
of PSC-WAs samples treated with DMSO, R406, or tofacitinib,
our model correctly predicted a drug-dependent increase in

browning. We also predicted a much higher browning capacity
for R406 (PSC-WAs SYKi) than for tofacitinib (PSC-WAs
JAK®J)-treated adipocytes, which was consistent with evidence
of higher UCP1 and FABP4 (fatty acid binding protein 4) expres-
sion, small lipid droplet area, and mitochondrial content in
response to R406. Our data also suggested that both SYK and
JAKS inhibitors are more potent browning inducers than cell
fate conversion methods, as shown by comparing the BAT prob-
ability of PSC-derived brown adipocytes (PSC-BAs) with PSC-
WAs. Finally, when testing samples from study hR2, we found
that preadipocytes from supraclavicular and subcutaneous fat
depots showed very low browning capacity, which increased af-
ter differentiation to brown, but not to white adipocytes, respec-
tively. As expected, a cyclic AMP (cAMP) stimulus induced by
treatment with forskolin increased the browning probability of
sWAT-derived clonal lines, also confirmed by the activation of
thermogenic markers observed in Shinoda et al. (2015).

Altogether, these results demonstrate that our mouse-based
model can be also applied to quantify white and brown adipo-
cytes content in ex vivo clonally derived human adipocytes and
complex human biopsies and to reliably predict the thermogenic
potential of treatments applied to induce browning of white fat
depots.

DISCUSSION

Integrative data analyses have been extensively shown to
outperform the predictive power of individual large-scale studies
(Calvo et al., 2006; Liu, 2005; Pagliarini et al., 2008; Perocchi
et al., 2006). Therefore, when combining multiple datasets from
different and complementary approaches, we can learn more
about the system than what would be gained by analyzing
each dataset in isolation. Given the wealthy of transcriptional an-
alyses in the field of adipose biology, obesity, and its comorbid-
ities, we found it timely to perform a meta-analysis of published
data and combine into a single framework the knowledge ac-
quired from each study so far. To this goal, we compiled the
largest adipose-centric gene expression atlas and developed
ProFAT, a systematic and automated approach to derive a
robust and unbiased molecular signature of mouse BAT and
WAT. This was then used to train a computational model in quan-
tifying the browning capacity of heterogeneous fat tissues in
both mouse and humans. We found that BAT and WAT show
clearly distinct molecular signatures, irrespective of the anatom-
ical location of the fat depots, their cell types composition,
experimental models, and procedures employed. Instead,
when we applied ProFAT to several transcriptomics data from
beige samples, we observed that the extent to which beige or
brite fat differs from either WAT or BAT greatly depends on

Figure 4. Prediction of Browning Capacity of Mouse Adipose Tissue Samples from Test Studies by Supervised Machine Learning

(A) Schematic diagram of the supervised machine learning approach.

(B) Estimation of browning capacity in samples from each test study (right). HC analysis based on relative gene expression changes (Z score) of marker genes is
shown for all samples and biological replicates within each test study (left). The green line on each bar represents the sample’s relative Ucp 1 gene expression level
calculated as (sample_Ucp1 — min_Ucp1)/(max_Ucp1 — min_Ucp1), where the min_Ucp1 and max_Ucp1 indicate the minimum and the maximum value of Ucp1
gene expression across test and training sets, respectively. BAT (training set), combined BAT samples from all training datasets; r, replicates; WAT (training set),

combined WAT samples from all training datasets.

See Table S1 for detailed description of each sample. See also Figures S7 and S8.
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study-to-study differences. Indeed, the degree of browning may
vary due to samples purity, length, and type (cold, PPAR-
gamma, or beta-3 adrenergic receptor agonists) of browning
stimuli and to whether the fat sample derives from tissue bi-
opsies, primary adipocytes, or clonal cell populations. The latter
can be affected by in vitro adaptations, culture microenviron-
ments, and cell-cell interactions. Unsupervised clustering ana-
lyses of gene expression data from pure clonally derived beige
adipocytes have suggested that those could be classified as a
distinct fat type at the transcriptional level (Wu et al., 2012).
Whereas our analysis cannot formally rule out a distinct origin
of beige from either brown or white adipocytes, it prompts for
caution when defining beige-specific signatures in the context
of a few limited dataset and biological models, rather than either
systematically across a large and diverse set of data or based on
pure populations of UCP1-positive cells (Wang et al., 2016).

The computational pipeline developed in this study will be
especially important when trying to evaluate the thermogenic
potential of therapeutic approaches in humans. Human adipose
tissue biopsies usually yield limiting amounts of sample to
perform an exhaustive functional characterization of browning,
and classical BAT markers, like UCP1, have been shown to be
insufficient to predict adipose tissue types. Instead, whole-
genome expression analyses typically require little material to
be performed and have become a method of choice to infer func-
tional remodeling of WATSs, based on the assumption that the
phenotype is reflected in the gene expression signature. Our
meta-analysis enables to classify complex tissue samples from
distinct fat depots as well as from in vitro derived adipocytes
of both mouse and humans, based on their relative brown and
white-like molecular signatures. We envision a scenario in which
medical researchers can directly assess the thermogenic poten-
tial of the patient’s white fat sample, prior to and post-medical
intervention.

Finally, we generate a user-friendly interface where microarray
and RNA-seq-based datasets from mouse and human samples
can be directly uploaded and analyzed with both HC and PCA
methods, and their browning probability can be automatically
computed using ProFAT. This resource can be freely accessed
and should become increasingly powerful with the growing
wealth of transcriptomics data.

EXPERIMENTAL PROCEDURES

Systematic Retrieval of Adipose-Tissue-Specific Transcriptional
Profiles

NCBI GEO and EBI ArrayExpress databases published before September 1,
2015 were queried using the following keywords: “adipocyte,” “adipose
white,” “adipose brown,” “adipose beige,” “fat white,” “fat brown,” “fat
beige,” “BAT,” and “WAT.” Systematic retrieval of whole genome expression
profiles for Mus musculus and Homo sapiens from NCBI GEO and EBI

» o«

ArrayExpress databases was performed through the Entrez Programming Util-
ities (E-utilities) and programmatic access, respectively. The GEOquery pack-
age from Bioconductor (Davis and Meltzer, 2007) was used to retrieve raw CEL
microarray data. Only microarray and RNA-seq datasets generated with Affy-
metrix and lllumina HiSeq Series sequencing platforms, respectively, were
considered for downstream computational analyses.

Data Processing

Raw CEL microarray data were normalized by quantile normalization using the
robust multiarray average (RMA) function in affy (Gautier et al., 2004) and oligo
(Carvalho and Irizarry, 2010) R packages. Probe IDs were mapped to Ensembl
gene IDs using Biomart (Durinck et al., 2009) based on the following criteria:
probes not mapping to any gene ID were excluded; probes mapping to multi-
ple gene IDs were assigned to all genes; and for probes mapping to the same
gene ID, the mean expression value was considered.

Processing of raw FastQ files from RNA-seq analyses involved three main
steps. First, adapters, barcodes, and sequences with a Phred quality scores
below 20 were removed using the Trim Galore software. Second, raw reads
were mapped against mouse or human reference genomes (Ensembil release
81) using TopHat v2.0.13 (Trapnell et al., 2009) with Bowtie index (Bow-
tie 2.2.0.0) and GTF transcript annotation files. Next, the number of reads map-
ping to each Ensembl gene ID were counted using the ht-seq count software
(Anders et al., 2015) to obtain raw read counts and quantify gene expression.
Agene was defined as expressed if the sum of raw read counts across all data-
sets within a study was >1. Last, DESeq2 (regularized logarithm transformation
algorithm; Love et al., 2014) was used to perform rlog transformation (conver-
sion of raw read counts in log, scale), which minimizes differences between
samples and normalize with respect to library size.

For each study, a data matrix was generated, whereby each row and column
corresponded to an Ensembl gene ID and sample ID, respectively. Correlation
analyses were performed using pheatmap R package based on a pairwise dis-
tance matrix generated using Euclidean distance. Biological replicates that did
not replicate were considered as outliers and removed from follow-up ana-
lyses. Data from all microarray or RNA-seqg-based studies were aggregated
based on gene IDs and then combat algorithm (Johnson et al., 2007) was
applied to remove the batch effect across multiple batches of microarray
and RNA-seq experiments and to calculate normalized gene expression
values. This algorithm is robust to outliers in small sample sizes and performs
comparable to existing methods for large samples. Hierarchical clustering was
performed using Euclidean distance and complete linkage based on normal-
ized gene expression values. Differential gene expression analysis was per-
formed using the Limma algorithm, and significantly differentially expressed
genes were defined based on an adjusted p values < 0.01 and a mean log,
fold-change threshold >1.5.

Identification of BAT and WAT Marker Genes

Microarray and RNA-seq gene expression data on BAT and WAT samples
from the following studies M1, M2, M4, M5, M6, M7, M12, and R4 were com-
bined based on Gene IDs. Combat algorithm (Johnson et al., 2007) was
applied to remove batch effects and to calculate normalized gene expression
values. Next, the MGFM (Marker Gene Finder in MicroArray) bioinformatics
tool (El Amrani et al., 2015) was applied to predict genes that allow a robust
and specific segregation of samples from BAT and WAT types (http://www.
bioconductor.org/packages/release/bioc/ntml/MGFM.html; default parame-
ters). The subset of 59 genes that were significantly differentially expressed
(log, fold-change > 1.5 and p-adj value < 0.01) was selected as a core BAT
and WAT marker set. The ConcensusPathDB-Mouse (http://cpdb.molgen.
mpg.de/MCPDB) was used to identify non-redundant functional categories

Figure 5. Prediction of Browning Capacity of Human Adipose Tissue Samples by Supervised Machine Learning
(A) Summary of microarray (hM1-3) and RNA-seq studies (hR1-2) on human fat samples.

(B) Schematic diagram of the supervised machine learning approach.

(C) Estimation of browning capacity (right) and HC analysis (left) of samples from each human-adipocytes-based study. JAKSi, Janus kinase 3 inhibitor
(tofacitinib); PSC-BAs, pluripotent stem cell-derived brown adipocytes; PSC-WAs, pluripotent stem cell derived white adipocytes; SYKi, spleen tyrosine kinase

inhibitor (R406).
See Table S1 for detailed description of each sample. See also Figure S9.
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from Gene Ontology (GO) and Reactome that were enriched within BAT and
WAT marker genes (p value < 0.01). Cytoscape (Shannon et al., 2003) was
used to display the predicted regulatory network.

In-House RNA-Seq

Total RNA was extracted from inguinal WAT and interscapular BAT of
16-week-old female C57BL/6 mice kept either for the whole life at an ambient
temperature of 30°C or for two weeks at 18°C followed by 4 weeks at 5°C
(n = 4; not randomization and blinding applied). Qiazol was used for RNA
extraction according to the manufacturer’s instructions (Qiazol Lysis Reagent;
QIAGEN). The quality of the RNA was determined with the Agilent 2100
BioAnalyzer (RNA 6000 Nano Kit; Agilent Technologies). All samples had a
RNA integrity number (RIN) value greater than 8. For library preparation, 1 pug
of total RNA per sample was used. RNA molecules were poly(A) selected, frag-
mented, and reverse transcribed with the Elute, Prime, Fragment Mix (EPF;
lllumina). End repair, A-tailing, adaptor ligation, and library enrichment were
performed as described in the low-throughput protocol of the TruSeq RNA
Sample Prep Guide (lllumina). RNA libraries were assessed for quality and
quantity with the Agilent 2100 BioAnalyzer and the Quant-iT PicoGreen dsDNA
Assay Kit (Life Technologies). RNA libraries were sequenced as 100-bp paired-
end runs on an lllumina HiSeq2500 platform. The animal welfare authorities
approved animal maintenance and experimental procedures.

Prediction of Adipose Tissue Browning Capacity by Machine
Learning

A neural network model was developed with one hidden layer, using caret
R package with method set to nnet. Leave-one-out cross validation was
used to tune the number of hidden units and weight decay, whereas default
values were used for the remaining parameters. Datasets were exclusively as-
signed to either a test or a training group. The training data only included data-
sets from study M1, M2, M4, M5, M6, M7, M12, and R4. Instead, the test data
included microarray and RNA-seq datasets from study M3, M8, M9, M10,
M11, M13, R1, R2, and R3. To avoid introducing circularity in the analysis,
test data were independent from training data and were never used for training.
COMBAT algorithm was applied to normalize any new test dataset against the
training set in order to remove batch effects, and then the training set together
with the core marker set were used in the neural network. Human transcrip-
tional profiles were also used as testing set by mapping human gene IDs to
mouse ortholog gene IDs with BioMart (Ensembl release 81) restricted to
ortholog_one2one mapping type.

Statistical Analysis

Z score is calculated as (X — p)/o, where X is the value of the element, p is the
mean, and o is the SD. A marker gene is defined significant if the adjusted
p value < 0.01 and the log,(fold change) > 1.5, where p value and fold change
are calculated with DESeq R package.
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Figure S1. Hierarchical clustering (HC) of
mouse microarray studies. HC is performed
using Euclidian distance and complete linkage.
Red lines in the dendrogram indicate biological
replicates that are considered as outliers. M,
Microarray; r, replicate. The type of treatment
applied to induce browning of WAT is indicated in
parentheses (RG, rosiglitazone; CL, CL316,243;
RS, roscovitine). Related to Figures 1 and 2.
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Figure S3. Hierarchical clustering of mouse samples across all microarray-based studies. Euclidean
distance is used for sample correlation analysis and hierarchical clustering is performed using Euclidian values
and complete linkage. See Table S1 for detailed description of each sample. Related to Figures 1 and 2.
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Figure S4. Hierarchical clustering of mouse samples across all RNA-seqg-based studies. Euclidean distance
is used for sample correlation analysis and hierarchical clustering is performed using Euclidian values and complete
linkage. See Table S1 for detailed description of each sample. Related to Figures 1 and 2.
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Figure S5. In-house transcriptome analysis of BAT and WAT from wild-type and cold-exposed mice. (A)
Experimental design. BAT and BAT (cold), interscapular brown adipose tissue from mice kept at either 30°C or in cold
(n=4), respectively; iIWAT and iWAT (cold), inguinal white adipose tissue from mice kept at either 30°C or in cold (n=
4), respectively. (B) Principle component analysis of normalized gene expression data for all biological replicates. (C)
Hierarchical clustering of all samples based on gene expression data. Euclidean distance is used for pairwise
distance matrix and hierarchical clustering is performed with Euclidean distance and complete linkage. Related to
Figure 3.
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Figure S6. Experimental validation of BAT and WAT marker genes.
Gene names in blue and magenta indicate mitochondria and non-mito-

(pIod) Lym!

lvmi

Gria3

(plod)1ve

lva

(pI0d) LYM!

White fat markers

Lpgat1

VM
(PI0o) Lve

lva

L IE®
af oo
] = 5
oL 3
oo
Q35 9
[¢)
€0 8L
g = g
T 82
0o0cQ®
,me.m.e
e gk
A%ew.,
Br..."e
T o L2
§=37%
@ o
E o83
0q®s5¢
2222
x A
2=
53—
O=Q0o
2 ESo
emTC
S~ o< £
o A
v==Z 5
o o
X >0 O
G B S c
Sao
€= ™
o= 5
Ba<Q
NO=Z+
=92=0
8T
S >T
2 0=
] = Q
.nW..le
5 9o g-=x
C OO0
o8 Qe

I~ (pioo)vmt
VM
[CEON:]

-
HlH

1ve

T T
© ~ ©

(Bop) uoissaudxe ausn

(PI09) IvM!

S
S
] |— (pioo)1ve

+ I

Lvmi

— lva

13.8 —
13.6 —
134 —
132 —
13.0 —

=
s

(Bop) uoissaudxe susnH



Accuracy

1.0

0.8

0.6

0.4

0.2

0.0

B
Q
1
1 @ ]
i X S
o o o o —_
1
o o o ! o —
I Z 2
i | Z o
' @
! = AUC= 0.9756
! i)
: 5%
i ! g o
—_ [o) @
ol
- o
o
- o
T T T T T T T T T T T T
Random  SLNN Naive Generalized Recursive Support 0.0 0.2 0.4 0.6 0.8 1.0
Forest Bayes  Linear  Partitioning Vector o
Model Machine Sensitivity (SLNN)

Figure S7. Systematic comparison of the performance of machine learning algorithms for the prediction of
browning capacity. (A) Accuracy of six machine learning algorithms (random forest, SLNN, naive bayes, general-
ized linear model, recursive partitioning, support vector machine), trained using BAT and WAT-specific microarray
and RNA-seq datasets from studies M1, M2, M4, M5, M6, M7, M12 and R4, in classifying BAT and WAT samples
from an indipendent set of studies (M3, M8, M9, M10, M11, M13, R1, R2, R3). (B) Classification accuracy of SLNN.
The accuracy is calculated as: (TP+TN)/total samples. A sample is a true positive if BAT was predicted with a proba-
bility > 0.5. Related to Figure 4.
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Figure S9. Hierarchical clustering (HC) of samples within each human microarray and RNA-seq study. HC is
performed using Euclidian distance and complete linkage. hM, microarray on human samples; hR, RNA-seq on human
samples; r, replicate. Related to Figure 5.



Supplementary Table 1. Mouse and human adipose
white adipose tissue; pYWAT, perivast
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SC, BAs, brown adipocytes; WAs,
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G), osigitazone; (RS), roscovilng; fox,
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jonadal white adipose tissue; WA
fexaramine; CL, CL316,243; DIO, diet-induced obesity; NIA, not avai
1 progenitor cels. Related to Figures 1-5.

T, tissue; SWAT,
ilable. M, microarrays; R, RNA-se; . bological replicate; hi, human Microa

tissue; mWAT, mesenteric

rray; hR, human RNA-

Study 1D Dataset D Pubmed D | Database ID Sample 1D Sample type Age Sample origin Tissue type Treatment Annotation
m BAT_M1(11) 15075390 | GSE10246 GSM258611 Tissue 810 weeks C578L6, male NA None BAT
m BAT_M1(2) 15075390 | GSE10246 GSM258612 Tissue 810 weeks C578L6, male NA None BAT
m WAT_Mi(r1) 15075390 | GSE10246 GSM258613 Tissue. 810 weeks C57BL6, male NA None WaT
m WAT_Mi(2) 15075390 | GSE10246 GSM258614 Tissue 810 weeks C578L6, male NA None War
M2 BAT_M2(11) 20679227 | GsEt97ST GSM4gaa7e Tissue NA NA Interscapular brown adipose tissue None. BAT
M2 BAT_M2(2) 20679227 | GsEt9757 GSM4g3a80 Tissue NA NA Interscapular brown adipose tissue. None. BAT
M2 GWAT_M2(r1) 20679227 | GSE19757 GSM4g3a77 Tissue NA NA ‘Gonadal white adipose tissue None WAt
M2 GWAT_M2(2) 20679227 | GsE19757 GSM493478 Tissue NA NA ‘Gonadal white adipose tissue None war
M3 IWAT_M3(1) 22405074 | GSE35OH GSMB60620 Primary adipocyles NA C57BL6, male Inguinal white adipose tissue None WaT
M3 IWAT_M3(2) 22405074 | GSE3SOH GsMes0621 Primary adipocyles NA C57BL6, male Inguinal white adipose tissue None War
M3 Beigebite (RG on IWAT)_M3(rt) 22405074 | GSE3SOM GsMBs0622 Primary adipocyles NA C578L6, male Inguinal white adipose tissue Rosigitazone (1uM) Beigeibrite
M3 Beigebite (RG on IWAT)_M3(r2) 22405074 | GSE3sO1H GsMBs0623 Primary adipocyles NA C57BL6, male Inguinal white adipose tissue Rosigitazone (1) Beigelbrite
M4 BAT_MA() 21035761 | GSE20165 GSM508030 Tissue 20 weeks. SV129, male Interscapular brown adipose tissue. None BAT
M BAT_MA(12) 21035761 | GSE20165 GSM508031 Tissue 20 weeks. SV129, male Interscapular brown adipose lissue None BAT
M BAT_MA(3) 21035761 | GSE20165 GSM508032 Tissue 20 weeks. SV129, male Interscapular brown adipose tissue None BAT
M SWAT_Ma(r1) 21035761 | GSE20165 GSMS508024 Tissue 20 weeks V129, male Epididymal white adipose tissue None WaT
M SWAT_M4(2) 21035761 | GSE20165 GSMS508025 Tissue. 20 wesks V129, male Epididymal white adipose tissue None WAt
" SWAT_Ma(3) 21035761 | GSE20165 GSMS08026 Tissue 20 wesks. V129, male Epididymal white adipose tissue None. WAt
s BAT_MS(11) 17618855 | GSEB044 GsM1s8ass Tissue 10-12 weeks. C57BL6, male Interscapular brown adipose issue. None. BAT
M5 BAT_MS(12) 17618655 | GSEB044 GsM1s8asT Tissue 10-12 weeks C57BL6, male Interscapular brown adipose issue. None BAT
M5 BAT_M5(13) 17618855 | GSEB044 GSM198458 Tissue 10-12 weeks. Cs78L6, male Interscapular brown adipose lissue None BAT
M5 SWAT_M5(1) 17618855 | GSEB044 GSM198496 Tissue 10-12 weeks. C578L6, male Epididymal white adipose issue None War
M5 SWAT_M5(2) 17618855 | GSE8044 GSM198523 Tissue 10-12 weeks. C578L6, male Epididymal white adipose tissue None WAt
M5 SWAT_M5(13) 17618855 | GSE8044 GsM198545 Tissue 10-12 weeks C578L6, male Epididymal white adipose tissue None War
e BAT_M6(r1) 26010905 | GSE67389 |  GSM1646139 Tissue NA LACA, male Interscapular brown adipose tissue None. BAT
e BAT_M6(12) 26010905 | GSE67389 |  GSM1G46141 Tissue NA LACA, male. Interscapular brown adipose issue. None. BAT
M6 BAT_M6(13) 26010905 | GSE67389 | GSM1646143 Tissue NA LACA, male. Interscapular brown adipose issue. None BAT
e BAT_M6(14) 26010905 | GSE67389 |  GSM1646145 Tissue NA LACA, male Interscapular brown adipose lissue None BAT
e SWAT_MB(r1) 26010905 | GSE67389 |  GSM1646131 Tissue NA LACA, male Subcutaneous white adipose tissue None War
Mo SWAT_M6(12) 26010905 | GSE67389 |  GSM1646133 Tissue NA LACA, male Subautaneous white adipose tissue None WAt
Mo SWAT_M6(13) 26010905 | GSE67389 |  GSM1646135 Tissue NA LACA, male Subcutaneous white adipose tissue None War
Mo SWAT_M6(r4) 26010905 | GSE67389 |  GSM164613T Tissue NA LACA, male Subcutaneaus white adiposs tissue None. WAt
ur BAT_MT(11) 1736053 | GSE7032 GSM162537 Primary adipocyles 34 weeks NMRI Interscapular brown adipose tissue None. BAT
mr BAT_M7(2) 1738053 | GSE7032 GsM162538 Primary adipocyles 34 weeks NMRI Interscapular brown adipose issue. None BAT
ur BAT_M7(13) 1736053 | GSE7032 GSM162539 Primary adipocyles 34 weeks NMRI Interscapular brown adipose lissue None BAT
M BAT_M7(14) 1736053 | GSE7032 GSM162540 Primary adipocyles 34 weeks NMRI Interscapular brown adipose tissue None BAT
M7 BAT_M7(5) 1736053 | GSE7032 GsM162541 Primary adipocyles 34 weeks NMRI Interscapular brown adipose tissue None BAT
M7 SWAT_M7(r1) 1736053 | GSE7032 GSM162550 Primary adipocyles 34 weeks NMRI Epididymal white adipose tissue None. War
M SWAT_M7(2) 1736053 | GSET032 GsM162551 Primary adipocyles 3.4 weeks NMRI Epididymal white adipose tissue None. WAt
M7 SWAT_M7(3) 1736053 | GSET032 Gswm162552 Primary adipocyles 34 weeks NMRI Epididymal white adipose issue None WAt
ur OWAT_M7(4) 1736053 | GSE7032 GSM162553 Primary adipocyles 34 weeks NMRI Epididymal white adipose fissue None. war
mr OWAT_M7(5) 1736053 | GSE7032 GsM162554 Primary adipocyles 34 weeks NMRI Epididymal white adipose fissue None WAt
ur SWAT_M7(8) 1736053 | GSE7032 GSM162555 Primary adipocyles 34 weeks NMRI Epididymal white adipose lissue None war
M8 IWAT_M8(r1) 19117550 | GSE13432 GSM338989 Tissue 5 weeks C57BL6, male Inguinal white adipose lssue 30°C (5 weeks) WAT
B IWAT_M8(12) 19117550 | GSE13432 GSM338990 Tissue 5 weeks C578L6, male Inguinal whits adipose tissue 30°C (5 weeks) WAT
B IWAT_M8(13) 19117550 | GSE13432 GsM338991 Tissue 5 wesks Cs78L6, male Inguinal whits acipose issue. 30°C (5 weeks) WAT
s IWAT_M8(r4) 19117550 | GSE13432 GSM338983 Tissue 5 weeks Cs78L6, male Inguinal white adipose tissue 30°C (1 week) WAt
s IWAT_M8(15) 19117550 | GSE13432 GSM3I38984 Tissue 5 wesks Cs78L6, male Inguinal white adipose fissue 30°C (1 week) war
M8 IWAT_M8(16) 19117550 | GSE13432 GSM338985 Tissue 5 wesks Cs78L6, male Inguinal white adipose issue 30°C (1 week) WAt
e Beigelbrite (cold on IWAT)_M8(1) 19117550 | GSE13432 GSM338992 Tissue 5 weeks C578L6, male Inguinal white adipose lissue 4°C (5 weeks) Beigelbrite
e Beigelbrite (cold on IWAT)_M8(r2) 19117550 | GSE13432 GSM338993 Tissue 5 weeks C578L6, male Inguinal white adipose issue 4°C (5 weeks) Beigelbrite
e Beigelbrite (cold on IWAT)_M8(3) 19117550 | GSE13432 GSM338994 Tissue 5 weeks C578L6, male Inguinal white adipose lssue 4°C (5 wesks) Beigeibrite
B Beigelbrite (cold on IWAT)_M8i(ré) 10117550 | GSE13432 GSM338986 Tissue 5 weeks C578L6, male Inguinal white adipose tissue 4°C (1 week) Beigeibrite
B Beigelbrite (cold on IWAT)_M8(rS) 19117550 | GSE13432 GsM338087 Tissue 5 wesks Cs78L6, male Inguinal white adipose tissue 4°C (1 week) Beigeibrite
s Beigelbrite (cold on IWAT)_MB(E) 19117550 | GSE13432 GSM338988 Tissue 5 weeks Cs78L6, male Inguinal white acipose issue. 4°C (1 week) Beigeibrite
Mo BAT_MS(1) 21765057 | GSE28440 GsM703077 Tissue 20 weeks. C57BL6, male Interscapular brown adipose issue. None BAT
Mo BAT_M9(12) 21765057 | GSE28440 GSM703078 Tissue 20 weeks. C578L6, male Interscapular brown adipose lissue None BAT
Mo BAT_MO(13) 21765057 | GSE28440 GSM703079 Tissue 20 weeks C578L6, male Interscapular brown adipose tissue None BAT
Mo SWAT_Mo(r1) 21765057 | GSE28440 GSM703086 Tissue 20 weeks C57BL6, male Epididymal white adipose tissue None WAt
Mo SWAT_M9(2) 21765057 | GSE28440 GM703087 Tissue 20 wesks C578L6, male Epididymal white adipose tissue None War
Mo SWAT_M9(13) 21765057 | GSE28440 GSM703088 Tissue 20 wesks Cs78L6, male Epididymal white adipose tissue None. WAt
Mo PYWAT_Ma(r1) 21765057 | GSE28440 GsM703080 Tissue 20 weeks. CS7BL6, male Perivascular white adipose tissue None. WAt
Mo PUWAT_M9(12) 21765057 | GSE28440 GSM703081 Tissue 20 weeks. C578L6, male Porivascular whito adipose tissue None. war
Mo PYVAT_MO(r3) 21765057 | GSE28440 Gsm703082 Tissue 20 weeks. C57BL6, male Perivascular white adipose lissue None WAt
Mo IWAT_M9(r1) 21765057 | GSE28440 GSM703083 Tissue 20 weeks. C578L6, male inguinal white adipose tissue None war
Mo IWAT_M9(12) 21765057 | GSE28440 GSM703084 Tissue 20 weeks. C57BL6, male inguinal white adipose tissue None War
Mo IWAT_M9(13) 21765057 | GSE28440 GSM703085 Tissue 20 weeks C578L6, male inguinal white adipose tissue None WAt
M0 BAT_M10(r1) 24549308 | GSES1080 | GSM1237806 Tissue 10 weeks V129, female Interscapular brown adipose tissue 28°C (10 days) BAT
M0 BAT_M10(2) 24549398 | GSES1080 | GSM1237794 Tissue 10 weeks V129, female Interscapular brown adipose issue 28°C (10 days) BAT
M0 BAT_M10(3) 24549398 | GSES1080 |  GSM1237795 Tissue 10 weeks V129, female Interscapular brown adipose tissue. 28°C (10 days) BAT
M0 Treated BAT (cold)_M10(r1) 24549398 | GSES1080 |  GSM1237792 Tissue 10 weeks V129, female Interscapular brown adipose tissue. 6°C (10 days) Treated BAT
M0 Treated BAT (cold)_M10(12) 24549398 | GSES1080 |  GSM1237800 Tissue 10 weeks SV129, female Interscapular brown adipose lissue. 6°C (10 days) Treated BAT
M0 Treated BAT (cold)_M10(13) 24519398 | GSES1080 |  GSM1237803 Tissue 10 weeks SV129, female Interscapular brown adipose tissue 6°C (10 days) Treated BAT
M0 SWAT_MI10(r1) 2519398 | GSES1080 |  GSM1237797 Tissue 10 weeks SV129, female Subautaneous white adipose tissue 28°C (10 days) WAT
M0 SWAT_M10(2) 24540308 | GSES1080 | GSM1237798 Tissue 10 weeks SV129, female Subcutaneous white adipose tissue 28°C (10 days) WAT
M0 SWAT_M10(r3) 24549398 | GSES1080 | GSM1237793 Tissue 10 weeks V129, female Subcutaneaus white adiposs tissue 28°C (10 days) WAT
M0 Beigelbrte (cold on SWAT)_M1D(r1) | 24540398 | GSES1080 | GSM12377%0 Tissue 10 weeks V129, female Subcutaneaus white adiposs fissue 6°C (10 days) Beigelbrite
M0 Beigelbrte (cold on SWAT)_M10(2) | 24549398 | GSES1080 | GSM1237796 Tissue 10 weeks V129, female Subcutaneaus white adipos tissue 6°C (10 days) Beigefbrite
M0 Beigelrte (cold on SWAT)_M10(3) | 24549398 | GSES1080 |  GSM1237799 Tissue 10 weeks V129, female Subcutaneous white adipose tissue 6°C (10 days) Beigefbrite
M0 MWAT_M10(r1) 24549398 | GSES1080 |  GSM1237801 Tissue 10 weeks SV129, female Mesenteric white adipose issue 28°C (10 days) war
M0 MWAT_M10(2) 24519398 | GSES1080 |  GSM1237802 Tissue 10 weeks SV129, female Mesenteric white adipose issue 28°C (10 days) War
M0 MWAT_M10(3) 2549398 | GSES1080 |  GSM1237791 Tissue 10 weeks SV129, female Mesenteric white adipose tissue 28°C (10 days) WAT
M0 Beigefbrte (cold on MWAT)_M10(r1) | 24549398 | GSES1080 |  GSM1237804 Tissue 10 weeks SV129, female Mesenteric white adipose lissue 6°C (10 days) Beigeibrite
M0 Beigelbrte (cold on MWAT)_M10(r2) | 24549398 | GSES1080 |  GSM1237805 Tissue 10 weeks V129, female Mesenteric white adipose issue. 6°C (10 days) Beigeibrite
M0 Beigelbrite (cold on mWAT)_M10(r3) | 24549398 | GSES1080 |  GSM1237807 Tissue 10 weeks V129, female Mesenteric whie adipose issue. 6°C (10 days) Beigeibrite




Mt Treated BAT (forskolin)_ M11(BAT1) | 22796012 | GSE39562 GsMeT1717 Primary adipocyles NA NA Interscapular brown adipose tissue Forskolin (104M, 4 hrs) Treated BAT
Mt Treatod BAT (forskolin)_M11(BATS) | 22796012 | GSE39562 GsMoT1718 Primary adipocyles NA NA Interscapular brown adipose tissue. Forskolin (104M, 4 hrs) Treated BAT
Mt Treatod BAT (forskoin)_ M11(BATS) | 22796012 | GSE39562 GsMoT1719 Primary adipocyles NA NA Interscapular brown adipose tissue Forskolin (104M, 4 hrs) Treated BAT
M1 | Beigemrie (forskolin on IWAT)_M11(x9) | 22796012 | GSE39s62 GSMoT1716. Primary adipocyles NA NA Inguinal white adipose lissue Forskolin (104M, 4 hrs) Beigelbrite
M1 | Beigelbrite forskolin on WAT)_M11(D12) | 22796012 | GSE39562 GSMoT1698 Primary adipocyles NA NA Inguinal white adipose lissue Forskolin (104M, 4 hrs) Beigeibrite
M1 | Beigefbrite (forskolin on IWAT)_M11(G10)| 22796012 | GSE39562 GSMo71705 Primary adipocyles NA NA Inguinal white adipose tissue Forskolin (104M, 4 hrs) Beigeibrite
M1t | Beigelbrite (forskolin on WAT)_M11(12) | 22796012 | GSE39562 GsMe71708 Primary adipocyles NA NA Inguinal white adipose tissue Forskolin (104M, 4 hrs) Beigeibrite
M1t | Beigefbrie (forskolin on IWAT)_M11(A5) | 22796012 | GSE39562 GsMeT169s Primary adipocyles NA NA Inguinal white adipose tissue Forskolin (104M, 4 hrs) Beigeibrite
M1 | Beigafbrie (forskolin on IWAT)_M11(A3) | 22796012 | GSE39562 GsMoT1E0 Primary adipocyles NA NA Inguinal white adipose tissue Forskolin (104M, 4 hrs) Beigelbrite
M1 | Belgefbrie (forskolin on IWAT)_M11(85) | 22796012 | GSE39562 GsMoT16% Primary adipocyles NA NA Inguinal white adipose fissue Forskolin (104M, 4 hrs) Baigelbrite
Mt | Beigemrite (forskolin on IWAT)_M11(813) | 22796012 | GSE39s62 GsMoT1897 Primary adipocyles NA NA Inguinal white adipose fissue Forskolin (104M, 4 hrs) Beigelbrite
M1 | Beigelbrite forskolin on WAT)_M11(D16)| 22796012 | GSE39s62 GSMoT1699 Primary adipocyles NA NA Inguinal white adipose lissue Forskolin (104M, 4 hrs) Beigelbrite
M1 | Beigefbrie (forskolin on IWAT)_M11(E1) | 22796012 | GSE39562 GSMoT1700 Primary adipocyles NA NA Inguinal white adipose issue Forskolin (104M, 4 hrs) Beigeibrite
M1t | Beigefbrie (forskolin on IWAT)_M11(E3) | 22796012 | GSE39562 GsMer1701 Primary adipocyles NA NA Inguinal white adipose tissue Forskolin (104M, 4 hrs) Beigelbrite
M1 | Beigefbrie (forskolin on IWAT)_M11(E4) | 22796012 | GSE39562 GsMe71702 Primary adipocyles NA NA Inguinal white adipose tissue Forskolin (104M, 4 hrs) Beigeibrite
M1 | Beigefbrie (forskoin on IWAT) M11(F4) | 22706012 | GSE39s62 GsMeT1703 Primary adipocyles NA NA Inguinal white adipose tissue Forskolin (104M, 4 hrs) Beigeibrite
M1 | Beigefbrie (forskoln on IWAT)_M11(FS) | 22796012 | GSE39562 GsMeT1704 Primary adipocyles NA NA Inguinal white adipose tissue Forskolin (104M, 4 hrs) Beigelbrite
M1 | Beigefbrite (forskolin on IWAT)_M11(G12)| 22796012 | GSE39562 GsMe71706 Primary adipocyles NA NA Inguinal white adipose issue Forskolin (104M, 4 hrs) Baigefbrite
Mt | Beigelbrite (forskolin on IWAT)_M11(G18)| 22796012 | GSE39s62 GsMoT1707 Primary adipocyles NA NA Inguinal white adipose fissue Forskolin (104M, 4 hrs) Beigelbrite
M1 | Beigelbrit (forskolin on IWAT)_M11(G23)| 22796012 | GSE39s62 GSMo71708 Primary adipocyles NA NA Inguinal white adipose lissue Forskolin (104M, 4 hrs) Beigefbrite
M1 | Beigelbrite (forskolin on IWAT)_M11J6) | 22796012 | GSE39s62 GSMT1710 Primary adipocyles NA NA Inguinal white adipose issue Forskolin (104M, 4 hrs) Beigelbrite
M1 | Beigelbrite forskolin on IWAT)_M11(M3) | 22796012 | GSE39562 GsMaT1711 Primary adipocyles NA NA Inguinal white adipose tissue Forskolin (104M, 4 hrs) Beigelbrite
M1 | Beigelbrite forskolin on IWAT)_M11(M4) | 22796012 | GSE39562 GsMe7T1712 Primary adipocyles NA NA Inguinal white adipose tissue Forskolin (104M, 4 hrs) Beigeibrite
M1 | Beigelbrite forskolin on IWAT) MT1(N13)| 22796012 | GSE39ss2 GsMeT1713 Primary adipocyles NA NA Inguinal white adipose tissue Forskolin (104M, 4 hrs) Beigeibrite
M1 | Beigafbrie (forskolin on IWAT)_M11(x7) | 22796012 | GSE39562 GsMeT1715 Primary adipocyles NA NA Inguinal white adipose tissue Forskolin (104M, 4 hrs) Beigelbrite
M2 BAT_M12(r1) 25349387 | GSES4650 |  GSM1321062 Tissue 6 wesks Cs78L6, male Interscapular brown adipose tissue. None BAT
M2 BAT_M12(2) 25349387 | GSES4650 |  GSM1321063 Tissue 6 weeks C578L6, male Interscapular brown adipose lissue None BAT
M2 BAT_M12(3) 25349387 | GSES4650 |  GSM1321064 Tissue 6 weeks C57BL6, male Interscapular brown adipose tissue None BAT
M2 BAT_M12(r4) 25349387 | GSES4650 |  GSM1321065 Tissue 6 weeks C57BL6, male Interscapular brown adipose tissue None BAT
M2 BAT_M12(r5) 25349387 | GSES4650 |  GSM1321066 Tissue 6 weeks C57BL6, male Interscapular brown adipose tissue. None BAT
M2 BAT_M12(6) 25349387 | GSES4650 |  GSM1321067 Tissue 6 wesks C578L6, male Interscapular brown adipose tissue None BAT
M2 BAT_M12(7) 25349367 | GSESAES0 |  GSM1321068 Tissue 6 wasks C57BL6, male Interscapular brown adipose issue. None. BAT
M2 BAT_M12(3) 25349367 | GSESABS0 |  GSM1321069 Tissue 6 wesks C57BL6, male Iterscapular brown adipose tissue None. BAT
M2 BAT_M12(9) 25349387 | GSES4650 |  GSM1321070 Tissue 6 weoks Cs78L6, male Interscapular brown adipose tissue. None BAT
M2 BAT_M12(r10) 25349387 | GSES4650 |  GSM1321071 Tissue 6 wesks C578L6, male Interscapular brown adipose lissue None BAT
M2 BAT_M12(r11) 25349387 | GSES4650 |  GSM1321072 Tissue 6 weeks C578L6, male Interscapular brown adipose tissue None BAT
M2 BAT_M12(r12) 25349387 | GSES4G50 |  GSM1321073 Tissue 6 weeks C578L6, male Interscapular brown adipose tissue None BAT
M2 BAT_M12(r13) 25349387 | GSES4ES0 | GSM1321074 Tissue 6 weeks C578L6, male Interscapular brown adipose tissue. None. BAT
M2 BAT_M12(r14) 25349367 | GSES4650 |  GSM1321075 Tissue 6 wesks C578L6, male Interscapular brown adipose tissue None. BAT
M2 BAT_M12(r15) 25349367 | GSESAESD |  GSM1321076 Tissue 6 wasks C57BL6, male Interscapular brown adipose issue None. BAT
M2 BAT_M12(r16) 25349367 | GSESAES0 |  GSM1321077 Tissue 6 wesks C578L6, male Interscapular brown adipose tissue. None. BAT
M2 BAT_M12(r17) 25349387 | GSES4650 |  GSM1321078 Tissue 6 wesks Cs78L6, male Interscapular brown adipose tissue. None BAT
M2 BAT_M12(r18) 25349387 | GSES4650 |  GSM1321079 Tissue 6 wesks C578L6, male Interscapular brown adipose lissue None BAT
M2 BAT_M12(r19) 25349387 | GSES4650 |  GSM1321080 Tissue 6 weeks C578L6, male Interscapular brown adipose tissue None BAT
M2 BAT_M12(r20) 25349387 | GSES4650 |  GSM1321081 Tissue 6 weeks C57BL6, male Interscapular brown adipose tissue None BAT
M2 BAT_M12(r21) 25349387 | GSES4650 |  GSM1321082 Tissue 6 weeks C57BL6, male Interscapular brown adipose tissue None BAT
M2 BAT_M12(r22) 25349387 | GSES46S0 |  GSM1321083 Tissue 6 wesks C57BL6, male Interscapular brown adipose tissue None. BAT
M2 BAT_M12(r23) 25349367 | GSES46SD | GSM1321084 Tissue 6 wasks C57BL6, male Interscapular brown adipose issue None. BAT
M2 BAT_M12(124) 25349367 | GSESABS0 |  GSM1321085 Tissue 6 wesks C57BL6, male Interscapular brown adipose issue. None. BAT
M2 OWAT_M12(r1) 25349367 | GSES4650 |  GSM1321254 Tissue 6 wesks Cs78L6, male Epididymal white adipose issue None war
M2 SWAT_M12(12) 25349387 | GSES4650 |  GSM1321255 Tissue 6 wesks C578L6, male Epididymal white adipose lissue None war
M2 SWAT_M12(13) 25349387 | GSES4650 |  GSM1321256 Tissue 6 weeks C578L6, male Epididymal white adipose lissue None War
M2 SWAT_M12(r4) 25349387 | GSES4G50 |  GSM1321257 Tissue 6 weeks C578L6, male Epididymal white adipose issue None WAt
M2 SWAT_M12(r5) 25349387 | GSES4G50 |  GSM1321258 Tissue 6 weeks C578L6, male Epididymal white adipose tissue None War
M2 SWAT_M12(16) 25349387 | GSES46S0 | GSM1321259 Tissue 6 wesks Cs78L6, male Epididymal white adipose tissue None WAt
M2 SWAT_M12(r7) 25349367 | GSESAES0 |  GSM1321260 Tissue 6 wesks Cs78L6, male Epididymal white adipose issue. None WAt
M2 OWAT_M12(18) 25349387 | GSES4650 |  GSM1321261 Tissue 6 wesks Cs78L6, male Epididymal white adipose fissue None. war
M2 OWAT_M12(19) 25349387 | GSES4650 |  GSM1321262 Tissue 6 wesks Cs78L6, male Epididymal white adipose lissue None war
M2 SWAT_M12(r10) 25349387 | GSES4650 |  GSM1321263 Tissue 6 wesks C578L6, male Epididymal white adipose lissue None war
M2 SWAT_M12(1) 25349387 | GSES4650 |  GSM1321264 Tissue 6 weeks C578L6, male Epididymal white adipose lissue None War
M2 SWAT_M12(r12) 25349387 | GSES4G50 |  GSM1321265 Tissue 6 weeks C57BL6, male Epididymal white adipose tissue None WAt
M2 SWAT_M12(r13) 25349367 | GSES4650 | GSM1321266 Tissue 6 weeks C578L6, male Epididymal white adipose tissue None War
M2 SWAT_M12(r14) 25349387 | GSES46S0 | GSM1321267 Tissue 6 wesks Cs78L6, male Epididymal white adipose tissue None. WAt
M2 SWAT_M12(r15) 25349387 | GSES46SD | GSM1321268 Tissue 6 wasks Cs78L6, male Epididymal white adipose issue. None. WAt
M2 SWAT_M12(r16) 25349387 | GSES4650 |  GSM1321269 Tissue 6 wesks Cs78L6, male Epididymal white adipose fissue None. war
M2 SWAT_M12(r17) 25349387 | GSES4650 | GSM1321270 Tissue 6 wesks Cs78L6, male Epididymal white adipose issue None WAt
M2 SWAT_M12(r18) 25349387 | GSES4650 |  GSM1321271 Tissue 6 wesks C578L6, male Epididymal white adipose lissue None war
M2 SWAT_M12(r19) 25349387 | GSESA650 |  GSM1321272 Tissue 6 weeks C57BL6, male Epididymal white adipose lissue None War
M2 SWAT_M12(r20) 25349387 | GSESAG50 |  GSM1321273 Tissue 6 weeks C578L6, male Epididymal white adipose tissue None WAt
M2 SWAT_M12(:21) 25349387 | GSESAGS0 | GSM1321274 Tissue 6 weeks C578L6, male Epididymal white adipose tissue None War
M2 SWAT_M12(22) 25349387 | GSES4ESD | GSM1321275 Tissue 6 wesks Cs78L6, male Epididymal white adipose tissue None. WAt
M2 WAT_M12(:23) 25349367 | GSESdESD | GSMI321276 Tissue 6 wasks Cs78L6, male Epididymal white adipose issue None WAt
M2 OWAT_M12(124) 25349387 | GSES4eSD | GSM1321277 Tissue 6 wesks Cs78L6, male Epididymal white adipose fissue None. war
M3 WAT_M13(r1) 27974179 | GsesT191 GsM2324311 Tissue 810 weeks UCP1Tomato mice Inguinal white adipose lissue None war
M3 WAT_M13(2) 27974179 | Gse8T191 GsM2324312 Tissue 810 weeks UCP1Tomato mice Inguinal white adipose issue None War
M13 WAT_M13(3) 27074179 | GsesT11 GsM2324313 Tissue 810 weeks UCP1Tomato mice Inguinal white adipose tissue None WAT
M13 WAT_M13(14) 2re74179 | GsesT1on GsM2324314 Tissue 810 weeks UCP1/Tomato mice Inguinal white adipose tissue None War
M3 BAT_M13(r1) 27974178 | GsesT19n GSM2324315 Tissue 810 weeks None. BAT
M3 BAT_M13(2) 27974178 | GsesT1on GsM2324316 Tissue 510 wesks UCP1Tomato mice Brown adipose tissue None. BAT
M3 BAT_M13(13) 27974178 | GsEsTIN GsM2324317 Tissue 510 weeks UCP1Tomata mice Brown adipose tissue None. BAT
M3 Beigefbrite (CL on IWAT)_M13(r1) 27974179 | GsEsT191 GSM2324318 Tissue 810 weeks UCP1Tomato mice Inguinal white adipose lissue. cLate243L Beigefbrite
M3 Beigelbrte (CL on IWAT)_M13(12) 27974179 | GsesT191 GSM2324319 Tissue 810 weeks UCP1Tomato mice Inguinal white adipose lissue cLate24aL Beigelbrite
M3 Beigelbrte (CL on IWAT)_M13(r3) 27974179 | GsE8T191 GSM2324320 Tissue 810 weeks UCP1Tomato mice Inguinal white adipose issue cLate24aL Beigelbrite
M13 Beigefbrte (RS on IWAT)_M13(1) 27074179 | GsesT11 GsM2324321 Tissue 810 weeks UCP1Tomato mice Inguinal white adipose tissue Roscovtine Beigeibrite
M13 Beigefbrte (RS on IWAT)_M13(12) 2ro74179 | GsesT1on GSM2324322 Tissue 810 weeks UCP1/Tomato mice Inguinal white adipose tissue Roscovitine Beigeibrite
M3 Beigefbrte (RS on IWAT)_M13(13) 27974178 | GsesT191 GsM2324323 Tissue 810 weeks UCP1/Tomato mice Inguinal white adipose tissue Roscoviine Beigeibrite
M3 Beigelbrite (RG on WAT)_M13(r1) | 27974179 | GSE8T191 Gsm2324324 Tissue 510 wesks UCP1Tomata mice Inguinal white adipose tissue Rosigltazone Beigefbrite
M3 Beigelbrite (RG on WAT)_M13(2) | 27974179 | GSE8T191 GsM2324325 Tissue 510 weeks UCP1Tomata mice Inguinal white adipose issue Rosigtazone Baigelbrite
M3 Beigelbrite (RG on WAT)_M13(13) | 27974179 | GSE8T191 GSM2324326 Tissue 810 weeks UCP1Tomato mice Inguinal white adipose issue Rosigitazone Beigefbrite
RI Treated BAT (cold)_R1(r1) 24700624 | GSES6248 |  GSM1357681 Tissue 6 weeks C57BL6 UCP1-TRAP, female | - Interscapular brown adipose tssue 4°C (2 weeks) Treated BAT
RI Treated BAT (cold)_R1(2) 24700624 | GSES6248 |  GSM1357682 Tissue 6 weeks C57BL6 UCP1-TRAP, female | Interscapular brown adipose tissue 4°C (2 wesks) Treated BAT
R1 Treated BAT (cold)_R1(13) 24700624 | GSESG248 |  GSM1357683 Tissue 6 weeks C57BL6 UCP1-TRAP, female | Interscapular brown adipose issue 4°C (2 wesks) Treated BAT
R1 Beigelbrite (cold on IWAT)_R1(r1) 24709624 | GSES6248 | GSM135T676 Tissue 6 wesks CS7BLE UCP1-TRAP, female Inguinal white adipose tissue 4°C (2 wesks) Beigeibrite
Rt Beigebrite (cold on IWAT)_R1(12) 24709624 | GSES6248 | GSM13sT6TT Tissue 6 wesks C57BL6 UCP1-TRAP, female Inguinal white acipose issue. 4°C (2 wesks) Beigeibrite
Rt Beigebrite (cold on IWAT)_R1(13) 24700624 | GSES6248 | GSM135T678 Tissue 6 wesks C57BLE UCP1-TRAP, female Inguinal whito acipose issue. 4°C (2 wesks) Beigefbrite




2 BAT_R2(11) 25556344 | SRAIBE644 |  SRR1G02555 Tissue 14 woeks C575L60/0 Interscapular brown adose tssue Vaticie BAT
2 Troated BAT (fex)_R2(1) 25550044 | SRATESGM |  SRR102556 Tissue 14 woeks C575L6.0/0 Interscapular brown adposo tssue Fox Treatod BAT
r2 WAT_Re(r1) 25550344 | SRATBSGM |  SRR1SO74SH Tissue 14 woeks C575L6,010 Inguinal white adipose tissue Varicie WAt
R Beigelrie fex on WAT) R2(rT) | 25659344 | SRATB8G44 |  SRR1S97454 Tissue 14 weeks c578L6 DIO Inginal white adipose issue Fex Beigelrie
R2 GWAT_R2(r1) 25556344 | SRATBG64 |  SRR1596699 Tissue 14 weeks C578L6 DIO. Gonadal white adipose tissue Veile WaT
R2 Beigelbrite (fex on gWAT)_R2(r1) 25559344 SRA188644 SRR1597452 Tissue 14 weeks CS7BL6 DIO Gonadal white adipose tissue Fex Beige/brite
) BAT_R3(r1) 23tes672 | EMTAB2624 | ERS4T2803 Primary adpocytes A A Interscapular brown adpose tssue None. AT
) BAT_R3(2) 23teo672 | EMTAB2624 | ERS472608 Primary adipocyles A A Interscapular brown adose tssue None. BAT
) WAT_R3(r1) 23160672 | EMTAB2624 | ERS472804 Primary adpocytes A A Inguinal whte aipose tissuo None. waT
) WAT_R12) 23160672 | EMTAB2624 | ERS472606 Primary adipocytes A A Inguinal white adpose tissue None waT
Ry Beigelbri (RG on WAT) R3() | 23166672 | EMTAB-2624 |  ERS472807 Primary adipocyles NA NA Inginal white adipose issue Rosigitazone (1uM) Beigelrie
R3 Beigelbrite (RG on WAT) R3(2) | 23166672 | E-MTAB2624 | ERs472805 Primary adipocyles NA A Inguinal white adpose issue Rosigitazone (1uM) Beigelie
Re BAT_Ra(r1) 2ssa0087 | Gsesagst | GSMis2ia02 Tissue, S weeks CS7BL6, male Interscapular brown adipose tissue None, BAT
Re BAT_R4(2) 2530087 | Goesasst | GSMis21303 Tissue S woeks C578L6, male Interscapuiar brown adpose tssue None, BAT
Re BAT_R4(3) 25340087 | GEsagst | GSMis21304 Tissue 5 wocks CS75L6, male Interscapular brown adpose tssue None, BAT
Re BAT_Ri(ct) 25349387 | GoEsiest | GSMis2130s Tissue 5 wooks C575L6, male Interscapular brown adposo tssue None. BAT
Re BAT_R4(5) 25349367 | GsEsaest | Gsm121306 Tissue B wooks C57BL6, male Interscapular brown adposo tssue None BAT
Re BAT_R4(6) 25349367 | GsEsaest | esm12ia07 Tissue 6 veels co7BLs, male Interscapular brown adipose ssue None BAT
Ra BAT_R4(7) 25349367 | GsEsaest | Gsm121308 Tissue 6 veeks co7BLs, male Interscapular brown adipose ssue None. BAT
R BAT_R4(8) 25349567 | GSEsdest |  GsM121309 Tisve Sweeks C578L6, male Interscapular brown adipose ssue None, BAT
Re SWAT_RA(r1) asme087 | Gsesesst | Gswm1aziass Tissue S woeks C578L6, male Epididymal wite acipose lissue None, waT
Re SWAT_RA(12) 2ssa0087 | GoEsagst | GsMis2iae7 Tissue S woeks C578L6, male Epididymal white acipose lssue None, waT
Re SWAT_Ra(3) 25340087 | GoEsisst | GsMisziaes Tissue 5 wocks C57BL6, male Epicidymal white aipose fissuo None, waT
Re WAT_Ri(14) 25349367 | GSEsdest | GswM1321369 Tissue 5 wooks C578Ls, malo Epicidymal white adpose tissuo None. AT
Ra WAT_Ra(5) 25345367 | GsEsaest | esmiieno Tissue B wooks C575L6, male Epididymal white adpose tissuo None WAt
Re WAT_Ra() 25349367 | GSEsaest | Gsmiiart Tissue 6 veels C578L6, male Epididymal white acipose lssue None WAt
Ra WAT_RA(T) 25349367 | Gsesaest | esmiier2 Tissue 6 eeks C57BLS, male Epididymal white acipose lssue None war
R WAT_Ra() 2500087 | GsEsaest | GsMis21ars Tisue 6 weeks Co78L6, male Epididymal wite acipose lissue None, AT
w1 Clone (subcutaneous neck)_subject 4 | 26076036 | GSE68544 Gsmteragey | SVF cells from subcutaneous NA Immortalized human clonal Immortalization, culture, differentiation| NA
and subpltysmal neck Subjecta preadipocytes
M1 Clone? (subcutaneous neck)_subject 3 26076036 GSE68544 GSM1674868 SVF cells from subcutaneous NA Immortalized human clonal Immortalization, culture, differentiation| NIA
- and subpltysmal neck sublects preadipocyies
0076036 ; SVF call from subcutaneous immortlized human lonal
nM1 | Cloned (subcutaneous neck) subject2 | 2607603 | GSEGSSAs |  GSM1G748s9 o e A et talzed ruman immortalzaton, cultre, diferentation| NI
w1 Cloned (subcutaneous neck)_subject 1 | 26076036 | GSE68544 Gsmie7agzo | SVF cells from subcutaneous s Immortalized human clonal Immortalization, culture, differentiation| NiA
and subplatysmal neck. Subject 1 proacipocytes
M1 Clone (subcutaneous neck)_subject 1 26076036 GSE68544 GSM1674871 SV cells from subcutaneous NiA Immortalized human clonal Immortalization, culture, differentiation| NIA
and subpltysmal nack Subject 1 preadipocyies
hM1 Clone7 (subcutaneous neck)_subject 1 26076036 GSEB8544 GSM1674872 SVF calls from subcutaneous NA Immortalized human clonal culture, differentiation| NIA
and subplatysmal neck Subject 1 preadipocyles
w1 Clones (subcutaneous neck)_subject 1 | 26076036 | GSE68544 Gsmie7agzs | SVF cells from subcutaneous NA Immortalized human clonal Immortalization, culture, differentiation| NA
- and subplalysmal neck. Subject 1 proadipocyles
SVF colsfom subcutaneous Immrtalzed human cional
nM1 | Clones (subcutaneous neck)_subject 1 | 2607603 | GSEGSS44 |  GSM1G748T4 o e NA st falzed rumen immortalization, cuure, diferenttion]  NIA
w1 Clone10 (deep neck)_subject 1 26076036 | GSEB8544 GSM1674875 SVF calls from deep neck NA Immortalized human clonal Immortalization, culture, difierentiation| NA
Subject 1 preadipocyles
it Clone (eepnock_subect4 | 200760% | GSEGgse4 | GSMISTSTS | SVE cllsfomdeep neck A moralzed uman Senal |\ alzason,ctur, dforentaton] N
Sublect preadipocytes
. ; Immrtalzed human cional
1 Clonet2 (deep neck)_subject 2 2607603 | GSEGssa4 | GSMIS7aET7 | SVF cells fom doep neck NA et taized ruman immortalzaton, cultre, diferentation|  NIA
w1 Clone13 (deep neck)_subject 3 26076036 | GSEG8544 GSM1674878 SV calls from deep neck s Immortalized human clonal Immortalization, culture, differentiation| NiA
Subect 3 preadipocytes
hmt Clone14 (deep neck)_subject 4 26076036 | GSE68544 GSM1674879 SVF cells from deep neck NiA subiectd "“"‘"":“‘Z“D"“';‘f" clonal Immortalization, culure, differentiation| NIA
ubiect readpocytes
hM1 Clone15 (deep neck)_subject 2 26076036 GSEB8544 GSM1674880 SVF cells from deep neck: NA Immortalized human clonal Immortalization, culture, differentiation NIA
Subject2 preadipocyles
w1 Clone16 (deep neck)_subject 4 26076036 | GSEG8544 GSM1674881 SV cells from deep neck NA Immortalized human clonal Immortalization, culture, differentiation| NiA
Subjecta proadipocyles
Immrtalzed human cional
hMt Clone17 (deep neck)_subject 1 2607603 | GSE68544 | GSM1674882 | SVF cells from deep neck A et P immortalization, culture, differentation| NA
w1 Clone18 (deep neck)_subject 1 26076036 | GSEB8544 GSM1674883 SVF calls from deep neck NA Immortalized human clonal Immortalization, culture, difierentiation| NA
Subject 1 preadipocyles
it Clone19 doopnck subect4 | 2607609 | GoEessés |  GSMoTaass | SV cel rom doepneck A moralzed uman S6nal |\ azason,ctur, dforentaton] N
Sublect preadipocytes
P R Immrtalzed human cional orontotor] )
1 Clone20 (deep neck)_subject 1 2607603 | GSEGssa4 | GSMie7asss | SVF cells fom doep neck NA Sunpats o e immortaizaton, cultur, diferenta NA
w1 Clone21 (deep neck)_subject 1 26076036 | GSEG8544 GSM1674886 SV calls from deep neck s Immortalized human clonal Immortalization, culture, differentiation| NiA
Subect 1 preadipocytes
hmt Clone22 (deep neck)_subject 2 26076036 | GSE68544 GSM1674887 SVF cells from deep neck NiA subpat? "“"‘"":“‘Z“D"“';‘f" clonal Immortalization, culure, differentiation| NIA
dbject readpocytes
hM1 Clone23 (deep neck)_subject 1 26076036 GSEB8544 GSM1674888 SVF cells from deep neck: NA Immortalized human clonal Immortalization, culture, differentiation NIA
Subject 1 preadipocyles
w1 Clone24 (deep neck)_subject 1 26076036 | GSEG8544 GSM1674889 SV cells from deep neck NA Immortalized human clonal culture, differentiation NiA
Subect 1 preadipocytes
Immrtalzed human cional
hMt Clone25 (deep neck)_subject 1 2607603 | GSE68544 | GSM1674890 | SVF cells from deep neck A St P immortalization, culure, differentiation| NA
w1 Clone26 (deep neck)_subject 1 26076036 | GSEB8544 GSM1674801 SVF calls from deep neck NA Immortalized human clonal Immortalization, culture, difierentiation| NA
Subject 1 preadipocyles
it Clone2? (doopneck oot 1| 2607609 | GEessés |  GsMoTasez | SV cel rom doepneck A moralzed uman Senal |\ alzason,ctur, dforentaton] N
Subject 1 preadipocytes
. ; Immrtalzed human cional
1 Clone2 (deep neck)_subject 1 2607603 | GSEGssa4 | GSMIG7a803 | SVF cells fom doep neck NA st taized ruman immortalzaton, cultre, diferentation|  NIA
w1 Clone29 (deep neck)_subject 1 26076036 | GSEG8544 GSM1674894 SV calls from deep neck s Immortalized human clonal Immortalization, culture, differentiation| NiA
Subect 1 preadipocytes
hmt Clone30 (deep neck)_subject 1 26076036 | GSE68544 GSM1674895 SVF cells from deep neck NiA s , "“"‘"":“‘Z“D"“';‘f" clonal Immortalization, culure, differentiation| NIA
dbject readpocytes
hM1 Clone31 (deep neck)_subject 1 26076036 GSEB8544 GSM1674896 SVF cells from deep neck: NA Immortalized human clonal Immortalization, culture, differentiation| NIA
Subject 1 preadipocyles
w1 Clone32 (deep neck)_subject 4 26076036 | GSEG8544 GSM1674897 SVF cells from deep neck NA Immortalized human clonal Immortalization, culture, differentiation| NiA
Subjecta proadipocyles
Immrtalzed human cional
hMt Clone33 (deep neck)_subject 4 2607603 | GSE68544 | GSM1674898 | SVF cells from deep neck A St P immortalization, culure, differentation| NA
w1 Clone34 (deep neck)_subject 2 26076036 | GSEB8544 GSM1674808 SVF calls from deep neck NA Immortalized human clonal Immortalization, culture, difierentiation| NA
Subject2 preadipocyles
it Cloneas (doopncksublect2 | 2607609 | GSEessé4 |  GSM1STis00 | SV cals rom doepneck A moralzed uman Senal |\ alzason,ctur, dforentaton] N
Subject2 preadipocytes
. N ; Immrtalzed human cional
1 Clone36 (deep neck)_subject 2 2607603 | GSEGssa4 | GSMIG7a%01 | SVF cells fom doep neck NA et taized ruman immortalzaton, cultre, diferentation|  NIA
w1 Clone3 (deep neck)_subject 1 26076036 | GSEG8544 GSM1674902 SV calls from deep neck s Immortalized human clonal Immortalization, culture, differentiation| NiA
Subect 1 preadipocytes
hmt Clone38 (deep neck)_subject 1 26076036 | GSE68544 GSM1674903 SVF cells from deep neck NiA s , "“"‘"":“‘Z“D"“';‘f" clonal Immortalization, culure, differentiation| NIA
dbject roadpocytes
hM1 Clone39 (deep neck)_subject 1 26076036 GSEB8544 GSM1674904 SVF cells from deep neck: NA Immortalized human clonal Immortalization, culture, differentiation NIA
Subject 1 preadipocyles
w1 Clone40 (deep neck)_subject 4 26076036 | GSEG8544 GSM1674905 SV cells from deep neck NA Immortalized human clonal Immortalization, culture, differentiation| NiA
Subect 4 preadipocytes
Immrtalzed humn cional
i Gloned1 (deep neck)_subject 1 20076006 | GSEsEs4 | GSMI1674906 | SVF cels from deep neck NA st falzed rumen cullre, diferentiation|  NIA
w1 Clone42 (deep neck)_subject 1 26076036 | GSEB8544 GSM1674807 SVF calls from deep neck NA Immortalized human clonal Immortalization, culture, difierentiation| NA
Subject 1 preadipocyles
w2 Decp neck_patient 1 ast0207 | Gsesazso | Gsmistzes Deep neck NA Primary human adipocyles Nore NA
Patent 1
2 Deep nock_patent 2 25102207 | Gsesazso | Gsmistizes Doop neck A ootz Primary human adipocyes None NA
atont
w2 Desp neck_patient 3 25102227 | sesaze0 | Gsmiatizer Deep neck NA patents Primary human adipocyles None NA
aient
w2 Decp neck_patent 4 5102207 | Gsesazso | Gsmistizes Deep neck. NA Primary human adipocyles Nore NA
Patienta
2 Deep neck_patent 5 25102207 | Gsesaze0 | GsmistTen Doop neck NA etonts Primary human adipocyles None NA
aient
w2 Deep neck_patient 6 25102227 | Gsesaze0 | Gsmrati7es Deep neck NA satents Primary human adipocytes None NA
atent
iz Subcutaneous neck _pationt 1 25102207 | Gsesazs0 | GsmistiTes Subcutaneous neck A Primary human adpocyles Nore NA
Patent 1
M2 ‘Subcutaneous neck_patient 2 25102227 GSE54280 GSM1311786 Subcutaneous neck NA o ) Primary human adipocytes None NA
atent
w2 Subutaneous neck_patient 3 ast0207 | Gsesazso | Gsmistizes Subcutaneous neck A Primary human adipocyles Nore NA
Patients
2 Subcutaneous neck pationt 4 25102207 | Gsesazs0 | GsM1sTe0 Subcutaneous nack A Primary human adipocyes None NA
Patient
w2 Subcutaneous neck_patint 5 25102227 | Gsesaze0 | Gsmatize Subcutaneous neck NA atents Primary human adipocyles None NA
aient
w2 Subcutaneous neck_patient 6 5102207 | Gsesazso | Gsmistizes Subcutaneous neck A Primary human adipocyles Nore NA
Patients
hM3 SWAT (cold acclimation)_patient 2 26147760 GSE67207 GSM1644008 Abdominal subcutaneous fat NA Patient 2 Primary adipocytes from human type 2| g 4o days of cold acclimation NIA

diabetic patients




| SWAT(ou scomaton) patents | zotarien | GsEerzsr | GswiGsd0tz | Avdomnal subcuanaous A atenta Prinar adocytes fom Puman 99 2 g 1 day of cold acimaton NA
WMI | SWAT(co accimalon) patent4 | 2647760 | GSESTZO7 | GSM1GA01S | Abdominlsubcutaneous fa A Patent 4 Primary adpocycs fom M 02 2| e 10 aysof cold actmaton A
W3 | SWAT(o scoimaton) patents | 2617760 | GSEGTZS7 |  GSMIGHs005 | Aodominlsubctansous fat A Patents Primar adocyies fom PN 59 2 | e 10 days of cold accimaton A
W | SWAT(@ou scomaton) patents | 27760 | GSEGTZT | GSMIGAd008 | Aodomialsubcutanaous fat A atents Primar adocytes fom PUTan 99 2| At 1 days of cold acimaton NA
Prmary adpocyes fom human e 2
W3 | SWAT(od scoimaton) patent7 | 26147760 | GSEGTZ97 |  GSMIGAa013 | Aodominalsubctansous fat A Patent7 fpoces fom b Afer 10 daysof cold aclmaton NA
W | SWAT(ou scoimaton) patents | 27760 | GSEGTZST | GSMIGA401 | Aodominl subctanaous fat A Patents Primar adocytes fom PN 592 | e 1 day of cold accimaton A
M SWAT_patnt 2 247760 | GSEOTZT | GSM1BAAD0S | Abdominalsubcuanous fat ™ Patent 2 Primary adpocyes fom uma 022 | ior ol actimaton A
13 s\ atient Z jominal subcutaneous fat atient Primary adipocytes from human type 2 efore cold acclimation
e WAT patent 3 26167760 | GSEOTIST |  GSWISMON0 | Ancominalsubutaneous fat A Patents pooes fom Beore cold sctmat NA
e AT patints sorerreo | GsEerasr | GSM1sA0ra | Aocominalsubctaneous fat A [ Prinary adocytes fom Puman 99 2|yt cou accmation A
™ VAT patents 27760 | GEOTZT | GSM1SAA04 | Abdominalsubcuansous fat A Patent5 Primary adpocyes fom Muman 022 | eor colgactimaton A
e SWAT_patents P I T [ —— Na Patents Primary adocytes fom Puman 5 2yt co actimation A
s Ep— soraTio0 | GEoTzST |  GSM1SAADNT | Avcominalsubotaneous fat A atent7 Primar adpocytes fom Puman 59 2|yt cou acmation NA
Prmary adpocyes fom human e 2
o SWAT patent 8 2167700 | GEOTIST | GSWIbMONS | Ancominalsubutaneous fat A Patents pooes fom hu Beore cold actmaton NA
] . ot fom pPARGE- _ urman phrpotet ster-el cenved DHSO (ater 7 s of
hR1 PSC-8As (DMSO)_r1 25487280 | SRPO42186 |  GSM1396748 tiated from PPARG2-CEBPE NiA Replicate 1 Broun adipocs oot Iductonidferentodon) NA
w1 PscaAs (OMSO) 12 O [ F T ——— A Repicate 2 aman plntstom o detved | ONSO (e deye i
hR1 PSC-BAs (DMSO)_r3 25487280 | SRP042186 | GSM1396750 frentiated from PPARG2-CEBPE NA Replicate 3 Human pluripotent stem-cel derived DMSO (after 7 days of NiA
hR1 PSC-WAs (DMSO)_r1 25487280 SRP042186 GSM1396736 and differentiated from PPARG NA Replicate 1 Human pluripotent stem.cell derived DMSO (after 7 days of NIA
hR1 PSC-WAs (DMSO)_r2 25487280 SRP042186 GSM1396737 and differentiated from PPARG| NA Replicate 2 Human pluripotent stem.cell derived DMSO (affer 7 days of NIA
hR1 PSC-WAs (DMSO)_r3 25487280 SRP042186 GSM1396738 and differentiated from PPARG| NA Replicate 3 Human pluripotent stem-cell derived DMSO (atfer 7 days of NiA
" e | AR Bor g )
e PSCAWAS (AKG 11 ssumra0 | SRPORZIGS | GSMISGTS | anaaereniaed fom PRARG| A Reptcate 1 Homan plurlent st <ol dorved (ater 7 cavson NA
o ormoron smoat demvea | A3 Mbor actind 2
e PSCAAS (AKG) 12 2sagrs0 | SRPORZIGS | GSWISETI | andciferenised fom PPARG| N Repicate 2 Rlrpelent tor <l (ater 7 covsof N
o o s oot ammeat | IS bt factnd 2
hR1 PSC-Whs (JAKS)_r3 25487280 | SRPO42186 |  GSM1396740 | and diflerentiated from PPARG| NiA Replcate 3 e adipose cale (aher 7 days of NA
w1 [ ssiomzso | Sreows | GswisseTiz | ansstowmimes ompeARG| A Repicat aman tclent stom o et | SYK nblor RAOS (1M er |0
hR1 PSC-WAS (SYKi)_r2 25487280 | SRP042186 GSM1396743 | and differentiated from PPARG| NA Replicate 2 Human pluripotent stem-cell derived 5::;:"‘”‘“' RA06 (1 uM), (after 7 NA
hR1 PSC-WAS (SYKi)_r3 25487280 | SRPO42186 | GSM1396744 | and diferentiated from PPARG| NA Replicate 3 vl AR i NA
. SVF cots o supracivicular mortatzed huan onat brown
w2 Glonet (BAT reapocyes) [ PR p— s Na Repicae 1 rod uman o None NA
hR2. Clone2 (BAT preadipocytes) 25774848 | E-MTAB2602 |  ERRsz2180 | SVF cels fom supraclavicular NA Replicate 2 Immortalized human clonal brown None. NiA
oAt restipocyes
™ Clone (BAT preacpocyts) asrasss | ewmmeanoz | Emmozziey | SVF cols fomsupracicar |y Replate 3 mmertatzed fumn donal bown None NA
S cats o supragacatar y mortatzed anddferentated uman
e Gloer (8AT) [T [ p— e A Repicae 1 iz and ifrontts None A
SV cals rom supragctar mmortalzed anddfereniated uman
e clonez (8AT) [T R — na A Reptcato 2 clzed o et None A
SVF cols o spracivicur mortatzes andaferentatea man
w2 Gloned B4T) asrsss | Enmapasoz | eroazies s A Repicate 3 alzeand iferontots None NA
e Clonot (BAT + forscin) ssrranse | Ewmanzeoz | Emmsazirz | VeSS Tom staciicar| Repicate 1 mmoratzedand dferrtatod | i (10, hours) A
o SVF ol om supracivicur mortalzed andaferentetea uman | 1o ]
ez Clone2 BAT + frsclin) ssasss | Ewmapasoz | Ereszzies nay ™ Replcate 2 clzed o aerertte Forsol (10 M, 4 hours) A
N . SVF cols o supracivicar motatzed and aferentated man
w2 Clones (BAT + frsal) [ Ry p— s A Replcate 3 iz and ifrntts Forskol (10 M, 4 hurs) NA
SUF ol fom subctansous mmoralzed human conal whita ,
e Gl (GWAT prescipocyes) | 2o7rsean | EaBzone | ERRsz2iro s Na Reptcae 1 o b o Nore A
™ Clone2 (WATpreadpocyles) | 2577abss | EMTAB2602 | ERmozater | SVF ol fom subcutancous A Replate 2 mmeratzed b denal wie None NA
readposyes
Y — ) martatzed human conalwnte
w2 Clones (AT rescipocyes) | 2s7raean | ETABZone | ERRsz2irs ey A Repicate 3 o humr o None A
e Clone (i) sorranss | Eumanzez | Emmszzize | SV el o subctaneous A Reptcate 1 nmoratzedand iferenttd human None A
e — motalzed and aferentatea uman
w2 Clone2 (wAT) asrasss | Enmapasoz | erroziee e A Replcate 2 teed and arentaed None NA
SUF cals o subtansoss mrtalzed andaferentated uman
e Clone3 (waT) [T [ p— ey Na Repicate 3 zed o forentaed Nore A
nR2 Clonef (WAT + orskolin) 25774048 | EaTAB2602 | ERRszat7 | SV ool fom subautancous A Repicate 1 mmortazed an dffrentated MmN | Forsln (10 M, 4 hours) A
N 9 Y rm— motalzed and aferentated uman
w2 Clone2 (4WAT + frscain) asrasss | Ewmasasoz | erroazien WAt A Replcate 2 eed o rentaed Forskoln (10 b, hurs) NA
e Clonea (@WAT + rscin) sorranss | Ewmanzez | Emmszzirr | SV eRls oM sbctaneous Na Reptcate 3 mmortalzed and dferontited numen |y (10,  nwrs) A

clonal white adipocyles
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