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The nuclear receptors REV-ERBa and - link circadian rhythms and
metabolism. Like other nuclear receptors, REV-ERB activity can be
regulated by ligands, including naturally occurring heme. A putative
ligand, SR9009, has been reported to elicit a range of beneficial effects
in healthy as well as diseased animal models and cell systems. How-
ever, the direct involvement of REV-ERBs in these effects of SR9009 has
not been thoroughly assessed, as experiments were not performed in
the complete absence of both proteins. Here, we report the generation
of a mouse model for conditional genetic deletion of REV-ERBx and -f.
We show that SR9009 can decrease cell viability, rewire cellular me-
tabolism, and alter gene transcription in hepatocytes and embryonic
stem cells lacking both REV-ERBx and -f. Thus, the effects of SR9009
cannot be used solely as surrogate for REV-ERB activity.
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he cell-autonomous circadian clock regulates a plethora of

physiological processes in the human body (1-3). The im-
portance of proper clock maintenance is highlighted by linkages
between circadian desynchrony and a variety of illnesses, in-
cluding sleep and metabolic disorders, cardiovascular diseases,
and cancer (1, 2, 4-7). This has fueled recent interest in the
circadian clock as a therapeutic target (8-12). The nuclear re-
ceptors (NRs) REV-ERBa and -f, encoded by NrldI and Nrld2,
link circadian rhythms and metabolism (1, 13). REV-ERBs lack
the canonical NR activation domain, and thus function as a
transcriptional repressor (14). Mice lacking REV-ERBa have
defective circadian clocks (15, 16) and display a variety of met-
abolic abnormalities in many tissues (16-20), which have been
reviewed elsewhere (21).

Like other NRs, REV-ERBs can be regulated by ligands, in-
cluding naturally occurring heme (22, 23), which modulate their
repressive activity. Attempts to pharmacologically target REV-
ERBs by the use of putatively specific synthetic agonists, par-
ticularly SR9009 (24), have suggested a wide range of beneficial
effects in healthy as well as diseased animal models and cell
systems (11, 24-34). The beneficial effects of SR9009 on weight
and exercise in mice (24, 27) have led to an interest in the use of
the compound by humans, with online advertisements selling
SR9009 highlighting REV-ERBs as the molecular target (e.g.,
https://www.simplyanabolics.com/sarms/sr9009-stenabolic/).
This, in turn, has prompted newly developed assays that detect
its surreptitious use (31, 33, 35).

Most studies utilizing SR9009 did not include genetic evidence
that REV-ERBs are the actual or exclusive molecular target of
SR9009. Nevertheless, many of these reports conclude that the
effects of SR9009 are mediated via REV-ERBs. Thus, is it
critical to ascertain whether the effects of SR9009 are mediated
by REV-ERBs. Here we report the generation and validation of
a model of genetic deletion of both REV-ERBa and -f in mice.
Using this system to derive hepatocytes and embryonic stem cells
lacking REV-ERBs, we demonstrate that SR9009 has strong
effects on cell viability, metabolism, and gene expression in the
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genetic absence of the REV-ERBs. Therefore, the effects of
SR9009 cannot be used as proxy for REV-ERB activity.

Results
Generation and Characterization of a Mouse Model for Conditional
Deletion of REV-ERBu and -B. Although a putative conditional Cre-
based deletion of REV-ERBu in the mouse has been used in
several publications (16, 36-38), this model leads to in-frame
deletion of the DNA-binding domain of REV-ERBa and thus
results in a mutant protein rather than a complete deletion of
REV-ERBu (13). Therefore, we engineered a different mouse
model in which the DNA-binding domain-containing exons 3-5
of Rev-erba are floxed, resulting in an out-of-frame deletion
upon Cre-based recombination (Materials and Methods and Fig.
14). We subsequently crossed this model with an existing Rev-
erbp floxed model (16) to generate a conditional double-
knockout (DKO) C57BL/6 model of both REV-ERBa and -p.
The DKO model was validated in several different ways. First,
mouse embryonic stem cells (mESCs), in which clock genes such
as Rev-erbs are expressed but have no known circadian role (2, 39,
40), were obtained from double-floxed embryos and transfected
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Fig. 1. Generation and validation of REV-ERBa/f DKO model. (A) Scheme depicting wild-type, floxed, and deleted Rev-erba loci (details in Materials and
Methods). (B) Relative Rev-erba/p mRNA expression in double-floxed control vs. DKO mESCs (n = 3 lines per genotype). *P < 0.01, by 2-sided Student’s t test.
Data are presented as mean + SEM. (C) Immunoblot for REV-ERBa and REV-ERBS from double-floxed control (n = 3) vs. DKO (n = 2) mESCs. (D) Relative Rev-
erba/p mRNA expression in double-floxed control (n = 5) vs. DKO (n = 3) livers. ***P < 0.0001, by 2-sided Student'’s t test. Data are presented as mean + SEM.
(E) Immunoblot for REV-ERBa and REV-ERBB from double-floxed control vs. DKO livers. (F) Relative mRNA expression of REV-ERB target genes in double-
floxed control vs. DKO (n = 3) livers (n = 5). *P = 0.05, ***P < 0.001, and ****P < 0.0001 by 2-sided Student's t test. Data are presented as mean + SEM.

with vectors for Cre:GFP (DKO) or GFP (floxed controls). Ex-
pression of Rev-erba and - mRNA (Fig. 1B) and proteins (Fig.
1C) were abolished in the derived monoclonal DKO mESC lines.
Of note, unlike the previous conditional Rev-erba allele, whose
recombination led to a mutant protein (13), we did not observe
altered forms of REV-ERBua protein (SI Appendix, Fig. S1A4). As a
second model, 10-wk-old double-floxed mice received tail vein
injections of AAVS-TBG-Cre-GFP (or AAVS8-TBG-GFP as
control), generating a hepatocyte-specific (41) DKO model. Two
weeks following the injection, expression of REV-ERBa and -
mRNA (Fig. 1D) and protein (Fig. 1E) were near detection limits
in the livers of double-floxed mice, again without the appearance
of additional forms of the protein (SI Appendix, Fig. S1B). The loss
of REV-ERBo/p function in DKO livers was supported by the
robust hepatic derepression of Amtl, Npas2, Cryl, Lpl, and Elovi3
(Fig. 1F), all of which are well-established REV-ERB-repressed
genes in the liver (13). These 2 model systems were used to in-
terrogate the role of REV-ERB:s in the effects of SR9009.

SR9009 Affects Cell Viability and Proliferation Independent of REV-
ERBs. mESCs are similar to cancer cells in terms of their high
proliferative capacity. Consistent with a previous report studying
cancer cell lines (11), we found that treatment with SR9009 for 2 d
at a concentration (10 pM) used in many published studies (24,
28, 32, 34, 42-44) reduced the viability of immortalized mouse
and human cell lines, including some cancer cells (ST Appendix,
Fig. S24) but not fibroblasts (SI Appendix, Fig. S2B). In addition,
SR9009 decreased the viability of wild-type mESCs in a dose-
dependent manner (SI Appendix, Fig. S2C). SR9009 also re-
duced cell viability of double-floxed control mESCs and,
remarkably, had similar effects on REV-ERB DKO mESCs (Fig.
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2A). This effect was dose-dependent (Fig. 2B) and apparent after
1 d of treatment (SI Appendix, Fig. S3). SR9011, a related
compound that is also a putative REV-ERB agonist (24), de-
creased the viability of control and DKO mESCs to similar ex-
tents as well (Fig. 2C). In addition to the cell viability test, which
measures ATP levels, cell number was also directly measured
and found to be similarly reduced in control and DKO mESCs
treated with SR9009 (Fig. 2D). Moreover, the percentage of cells
in S-phase was reduced in mESCs treated with SR9009, again to
a similar extent in control and DKO mESCs (Fig. 2F).

To rule out the possibility that these results were influenced by
the long-term depletion of both REV-ERBs, we acutely trans-
fected double-floxed mESC lines with Cre:GFP vs. GFP (con-
trol) overexpressing plasmids and performed cell sorting for
(Cre:)GFP™* (SI Appendix, Fig. S4 A and B). Treatment of these
cells with SR9009 led to a comparable reduction in viability
between control (GFP*) and DKO (Cre:GFP") mESCs (SI
Appendix, Fig. S4C), indicating that the REV-ERB-independent
cytotoxicity of SR9009 was not a result of compensatory effects.
Thus, the effect of SR9009 on mESC proliferation was REV-
ERB-independent.

SR9009 Affects Mitochondrial Respiration Independent of REV-ERBs.
Because SR9009 has been reported to regulate mitochondrial
metabolism (27), we hypothesized that the antiproliferative ef-
fects of SR9009 might be related to hampered mitochondrial
respiration. Indeed, SR9009 had powerful, metabolic effects on
mESC mitochondria, decreasing both their stimulated (Fig. 34)
and basal (Fig. 3B) respiration in a dose-dependent manner.
Importantly, SR9009 impaired stimulated (Fig. 3 C and D) as
well as basal (Fig. 3E) respiration in mitochondria from control
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SR9009 affects mESC viability and proliferation independent of REV-ERBs. (A) Relative viability of double-floxed control vs. DKO mESCs (n = 3 per condition),

treated with 10 pM SR9009 for 2 d. **P < 0.005, by 2-sided Student’s t test. (B) SR9009 dose-response showing relative viability of double-floxed control vs. DKO
mESCs (n = 4 per condition), ***P < 0.001, ****P < 0.0001, by one-way ANOVA. (C) Relative viability of double-floxed control vs. DKO mESCs (n = 3 per condition),
treated with 10 pM SR9011 for 2 d. *P < 0.05, by 2-sided Student's t test. (D) Relative cell number of double-floxed control vs. DKO mESCs (n = 3 per condition),
treated with 10 uM SR9009 for 2 d. *P = 0.015, ***P = 0.0006, by 2-sided Student’s t test. (E) EdU incorporation of double-floxed control (n =5 per condition) vs.
DKO (n = 4 per condition) mESCs treated with 10 1M SR9009 for 2 d and incubated with 10 uM EdU for 1 h before flow cytometry. *P = 0.05, ***P = 0.0003, by

2-sided Student's t test. Data are presented as mean + SEM.

and DKO mESCs to a similar extent, indicating that this meta-
bolic effect was REV-ERB-independent. We also noted an
SR9009-dependent increase in activating transcription factor 4
(ATF4), a marker of mitochondrial stress (45), which occurred
to a similar degree in both control and DKO mESCs (Fig. 3F).
Thus, SR9009 causes mitochondrial stress and alters mitochon-
drial function in a REV-ERB-independent manner.

SR9009 Regulates Gene Expression in Hepatocytes Independently of
REV-ERBs. Having shown that canonical REV-ERB target genes
were markedly derepressed in REV-ERB DKO liver, we derived
hepatocytes from these livers for ex vivo studies. We first con-
firmed deletion of Rev-erbs (SI Appendix, Fig. S54) and de-
repression of its known target genes (SI Appendix, Fig. S5B).
Comparison of control vs. DKO transcriptomes revealed 1,088
genes that were differentially expressed (fold-change > 1.5, P <
0.01) (Fig. 44), with clock output (SI Appendix, Fig. SSC) and
metabolic target (SI Appendix, Fig. S5D) genes being largely
derepressed. Gene ontology on the differentially expressed genes
(DEGs) was in line with the known role of REV-ERB in the liver
(Fig. 4B). In addition most DEGs (66.8%) overlapped with the
REV-ERBu cistrome in the liver (13) (Fig. 4C). From these
results we conclude that the hepatocyte REV-ERB DKO he-
patocyte is a valid model to probe the effects of putative REV-
ERB agonists for specificity.

We next evaluated the effects of SR9009 in hepatocytes. The a
priori expectations for genes regulated by a bona fide REV-ERB
agonist would include the following: (i) target genes would not
be regulated in the absence of REV-ERBs, and (ii) because
agonists potentiate repression, the direction of regulation by
agonist should be opposite of that of deletion of the REV-ERBs.
Of 431 genes that were differentially expressed upon SR9009
treatment in floxed control hepatocytes (fold-change > 1.5, P <
0.01), the majority (~55%) were regulated similarly by SR9009
in DKO liver cells (e.g., Fam84a, Erbb3, and Bnip3) (Fig. 4 D and
E). Of the 193 genes regulated by SR9009 in control hepatocytes
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but not significantly changed in the DKO cells treated with
SR9009, a minority of 25 were regulated in the opposite way by
DKO as would be predicted for a REV-ERB agonist (e.g., Fgf21)
(Fig. 4 D and F). These results strongly suggest that the vast
majority of gene-expression changes induced by SR9009 in liver
cells are due to actions that are independent of REV-ERBs.

Discussion

We generated and validated a true conditional mouse model for
complete deletion of REV-ERBa. This model was used, in
conjunction with a REV-ERBf conditional deletion mouse, to
generate a REV-ERBo/f DKO mouse whose phenotypes reflect
the physiological roles of endogenous REV-ERBs. Studies of
REV-ERB DKO ESCs and hepatocytes revealed that the pu-
tative REV-ERB agonist SR9009 has numerous effects on pro-
liferation, metabolism, and gene expression, and thus its effects
cannot be attributed solely to its regulation of cellular REV-
ERB activity.

SR9009 treatment slowed down mESC proliferation with
marked decrease in cell numbers after 2 d of treatment. We did
not observe overt cell death, as has been reported by others
studying cancer cell proliferation (11). That study treated cells
for longer times (3-7 d), used SR9009 at a concentration of
20 uM, and mainly quantified cytotoxicity via a metabolic assay
[NAD(P)H-based: WST-1]. In the present study we used 10 uM,
which is the most commonly used concentration among pub-
lished studies (24, 28, 32, 34, 42-44), and quantified cytotoxicity
via a metabolic assay as well as cell counting and EdU in-
corporation. Thus, our results demonstrate antiproliferative ef-
fects of SR9009 at shorter times of exposure and lower doses,
which are seen even when REV-ERBs are drastically depleted
from proliferating cells.

We found that SR9009 induces a severe reduction in mito-
chondrial respiration of mESCs. This reduced mitochondrial
functioning in mESCs is in line with a previous report showing
swollen mitochondria upon SR9009 treatment (11). We note that
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Fig. 3. SR9009 reduces mitochondrial respiration in mESCs independent of
REV-ERBs. (A) OCR in mitochondrial stress test in wild-type mESCs treated
with different doses of SR9009 for 2 d. (B) Basal mitochondrial respiration in
wild-type mESCs (n = 8 per dose), ****P < 0.0001, by one-way ANOVA. (C)
OCR of double-floxed control and (D) DKO mESCs. Measurements in A-D
were performed with a Seahorse XF96 Flux Analyzer, under basal conditions
followed by the sequential addition of OM (2.5 uM), FCCP (0.5 uM), and AM/
Rot (0.5 pM), as indicated (n = 3 per condition). Cells were either pretreated
with DMSO or with 10 pM SR9009 for 2 d before the assay. Data are pre-
sented as mean + SEM. (E) Basal mitochondrial respiration in double-floxed
control and DKO mESCs (n = 3 per condition). *P < 0.05, by a one-sided
Student’s t test. (F) Immunoblot for ATF4 from DKO vs. double-floxed con-
trol mESCs treated with 10 uM SR9009 for 24 h (n = 3 per condition).

others reported that SR9009 increases mitochondrial function in
myoblastic C2C12 cells (27). This seeming discrepancy might be
explained by differences in bio-energetics between the myoblasts
and mESCs. Consistent with the conclusions from mESCs, the
REV-ERB-independent effects of SR9009 on hepatocyte gene
expression strongly suggest that the transcriptional response to
SR9009 in liver does not solely depend upon REV-ERB:s.

The mechanisms by which SR9009 and related compounds
exert pleiotropic effects on cell proliferation, metabolism, and
gene expression in the absence of REV-ERBs remain to be
determined. Of note, both SR9009 and SR9011 contain known
toxicophores, such as nitrothiophene moieties, as active groups
(46, 47). In any case, the fact that many of the effects of SR9009
are REV-ERB-independent has several important implications.
First and foremost, the effects of SR9009 and related com-
pounds cannot be used as a surrogate for REV-ERB activity, as
has frequently been the case since they were first described (11, 24,
26, 27). Second, because REV-ERBs are not the only target, bi-
ological parameters affected by these compounds are not necessarily
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linked to the circadian clock. Finally, it is critical that this message
be conveyed to the scientific community, as well as the lay public,
who are using these compounds not only in laboratory experiments
but as nutritional supplements based on spurious connections
to REV-ERB:s.

Materials and Methods

Gene Targeting, Genotyping, and Mice. Standard gene targeting procedures
were performed in C57BL/6 mESCs to generate mice carrying floxed alleles
(Exon 3-4-5) at Rev-erba loci (Genoway). Rev-erba™"; Rev-erbg™" animals
were generated by breeding the Rev-erba™ to Rev-erbs™ animals also on
C57BL/6 background (Institut Clinique de la Souiris, llikirch, France). Genotyping
was performed following DNA extraction from mouse tissue with standard
PCR assay. Rev-erba genotyping PCR primers 5'-ATAGAGAAGTCTTCCCAGAT
CTCCTGCACA-3’ and 5'- ACAGTCTACGGCAAGGCAACACCAA-3’ detect wild-type
(411 bp) and floxed (511 bp) gene alleles. Rev-erbp genotyping PCR primers 5'-
GGTTAGGTTTGTGAGTGTCCACAGC-3’ and 5- GGAAGTGCTCCAACAAGGTAGTGCA-
3 detect wild-type (237 bp) and floxed (376 bp) gene alleles. All animal care and use
procedures followed the guidelines of the Institutional Animal Care and Use Com-
mittee of the University of Pennsylvania in accordance with the NIH guidelines.

mESC Derivation, Cell Culture, and Treatments. mESCs were derived from Rev-
erba™"; Rev-erbp™" mice as previously described (48). Blastocysts were col-
lected at embryonic day 3.5 and cultured on a feeder layer of Mitomycin C
(MedChem Express)-treated mouse embryonic fibroblasts (MEFs) in Knock-
Out Serum Replacement (KOSR) mESC medium: DMEM-high glucose (Gibco)
supplemented with 15% KOSR (Gibco), 1% nonessential amino acids (Gibco),
1% penicillin/streptomycin (Gibco), 0.1 yM B-mercapto-ethanol (Sigma), 10° IU
ESGRO leukemia inhibitory factor (LIF; EMD Millipore), 1 pM PD0325901 (Axon
Medchem), and 3 pM CHIR99021 (Axon Medchem) until the blastocyst hatches
and forms. Then mESCs were passaged and cultured as a normal mESC line in
standard mESC medium: DMEM with 15% FBS (HyClone), 1% nonessential
amino acids (Gibco), 1% penicillin/streptomycin (P/S; Gibco), 0.1 pM p-mercapto-
ethanol (Sigma), and 10° IU ESGRO LIF (EMD Millipore). For all downstream
assays, ESCs were transferred to gelatin-coated tissue culture plates and treated
with SR9009 (EMD Millipore) or SR9011 (Excessbio) for 2 d, dissolved in DMSO.
The identity and purity of SR9009 was confirmed by mass spectrometry
(R. Miller, J. Durtra, T. Chappie; Pfizer). DMSO was always used as a control.

Hela, U20S, HEK293FT cells, and MEFs were all cultured in DMEM (Gibco)
supplemented with 10% FBS (Tissue Culture Biologicals) and 1% P/S. AML12
cells were cultured in DMEM/F12 medium, supplemented with 1% ITS-G
(Gibco), 40 ng/mL dexamethasone, and 10% FBS (Tissue Culture Biologi-
cals). Viability was assessed using a CellTiter-Glo luminescent cell viability
assay (Promega).

Gene Transduction in Mouse Liver and Hepatocyte Isolation. Adeno-associated
viruses encoding Cre-GFP or GFP under the liver-specific TBG promoter
(AAV8-TBG-Cre-GFP, and AAV8-GFP used as a negative control) were pre-
pared by the Vector Core of the Pennsylvania Diabetes Research Center, as
described previously (49). The 5e11 virus particles were injected into each
mouse by tail-vein injection. Two weeks later mice were harvested
for analysis.

Hepatocytes were isolated using a 2-step collagenase/DNase digestion
protocol (50) and plated on collagen-coated cell culture plates in DMEM
(Gibco) supplemented with 10% FBS (Tissue Culture Biologicals) and 1% P/S.

Immunoblotting. Samples were lysed in RIPA buffer supplemented with
complete protease inhibitor mixture (Roche) and with phosSTOP (Roche).
Lysates were resolved by gel electrophoresis (Bio-Rad), transferred to PVDF
membrane (Immubulon-P, Millipore), and probed with the following anti-
bodies: anti-REV-ERBa (1:1,000, Abcam #ab174309), anti-REV-ERBg (1:1,000,
SantaCruz #sc-398252), anti-HSP90 (1:1,000, CST #4874S), anti-ATF4 (1:1,000,
CST #11815), anti-p-ACTIN-HRP (1:5,000, CST #5125S), anti-VINCULIN-HRP
(1:5,000, CST #E18799), anti-rabbit IgG, HRP-linked (1:10,000, CST #7074S),
anti-mouse IgG, HRP-linked (1:10,000, CST #7076S).

Quantitative RT-PCR. Total RNA was extracted from cells and tissues using
RNAeasy (Qiagen) according to the manufacturer’s instructions, and treated
with DNase (Qiagen) before reverse transcription. cDNA was generated us-
ing a High Capacity cDNA Reverse Transcription Kit (Applied Biosystems).
Quantitative PCR reactions were performed using PowerSYBR Green PCR
Master Mix (Applied Biosystems) with specific primers on a QuantStudio 6
Flex instrument (Applied Biosystems). mRNA expression was normalized to
the housekeeping gene 36B4 for liver samples and Ppib for all mESCs and
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Fig. 4. SR9009 affects gene expression in a REV-ERB-independent manner. (A) Heatmap of z-score-normalized read counts showing 1,088 DEGs between
double-floxed control and DKO hepatocytes (579 up vs. 509 down). (B) Gene ontology analysis on genes depicted in A. (C) Overlap between REV-ERBa
cistrome in the liver (13) and the DEGs depicted in A. (D) Heatmap of z-score-normalized read counts showing DEGs anchored on double-floxed control
hepatocytes following treatment with SR9009 (10 uM for 8 h) vs. DMSO and compared with treatment of DKO hepatocytes. A total of 431 genes were selected
based on fold-change > 1.5 and P < 0.01. (E) Normalized RNA-seq read counts (RPM) for REV-ERB-independent SR9009-regulated genes (Fam84a, Erbb3, and
Bnip3) and (F) one REV-ERB-dependent (Fgf27) SR9009 response gene. Visualization shown using Integrative Genomics Viewer.

hepatocytes. Primer sequences for gRT-PCR: 36B4-fw, 5'-TCATCCAG-
CAGGTGTTTGACA-3’; 36B4-rev, 5'-GGCACCGAGGCAACAGTT-3’; Ppib-fw, 5'-
GCAAGTTCCATCGTGTCATCAAG-3’; Ppib-rev, 5'-CCATAGATGCTCTTTCCTCCTG-3;
Rev-erba-fw, 5'-GTCTCTCCGTTGGCATGTCT-3’; Rev-erba-rev, 5'-CCAAGTT-
CATGGCGCTCT-3'; Rev-erbp-fw, 5-TTCTACTGTGTAAAGTCTGTGGG-3'; Rev-erbp-rev,
5-CTGGATGTTTTGCTGAATGCTC-3; Amntl-fw, 5-TAGGATGTGACCGAGGGAAG-3;
Arntl-rev, 5'-TCAAACAAGCTCTGGCCAAT-3’; Npas2-fw, 5-ATGTTCGAGTG-
GAAAGGAGAC-3’; Npas2-rev, 5-CAAGTGCATTAAAGGGCTGTG-3’; Cry1-fw,
5'-AGCGCAGGTGTCGGTTATGAGC-3’; Cryl-rev, 5'-ATAGACGCAGCGGA-
TGGTGTCG-3'; Lpl-fw, 5-TTTTCTGGGACTGAGGATGG-3; Lpl-rev, 5'-GCCAGCT-
GAAGTAGGAGTCG-3’; Elovi3-fw, 5- ATGCAACCCTATGACTTCGAG-3’; Elovi3-
rev, 5-ACGATGAGCAACAGATAGACG-3'.

RNA-Sequencing. RNA-sequencing reads were aligned to the mouse genome
(mm39) using Hisat2 (51) with default parameters. Only unique mapped reads
were considered for further analysis. Normalized expression value, frag-
ments per kilobase of exon per million reads mapped (FPKM), was calculated
for each gene using StringTie (52). Genes with FPKM larger than 1 in at least
one sample were considered. For differential expression analysis, raw read
counts were measured within Ensembl genes (NCBIM37.67) using featur-
eCounts (53), and then the DESeq2 (54) pipeline was used with P < 0.01 and
fold-change > 1.5. Gene ontology analysis was performed using the clus-
terProfiler R package (55) with expressed genes as background. HOMER (56)
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was used to obtain bigWig files, which were visualized with Integrative
Genomics Viewer.

Cellular Respirometry. mESCs were cultured in mESC medium on Seahorse 96-
well plates (Agilent Technologies) precoated with 0.1% gelatin. Culture
medium was switched to basal medium (unbuffered DMEM, supplemented
with 2 mM glutamine) 30 min before the start of the assay and used for the
total duration of the measurements. For the mitochondrial stress test oli-
gomycin (OM; 2.5 pM), FCCP (0.5 pM), and rotenone and antimycin A (AM/
Rot; 0.5 uM) were serially injected, using a Seahorse XF96 extracellular flux
analyzer (Agilent Technologies). Oxygen consumption rate (OCR) values of 8
replicates per condition were normalized to the protein concentration per
well, as a proxy for cell number, via BCA analysis (Thermo Scientific). In
general, the average of 3 baseline OCR levels was calculated, as well as the
average of 3 measurements after each compound injection. Basal respiration
was calculated as the last rate measurement before OM injection - non-
mitochondrial respiration rate.

Flow Cytometry. mESCs were transfected with Cre:GFP and GFP over-
expressing plasmids via the use of Lipofectamine 3000 (Thermo Fisher Sci-
entific) and were sorted with a BD FACS Jazz (BD Bioscience). pCAG-Cre:GFP
and pCAG-GFP were a gift from Connie Cepko, Department of Genetics,
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Harvard Medical School, Boston, MA (Addgene plasmid #13776; http:/
www.addgene.org/13776/; RRID:Addgene_13776 and #11150; http:/
www.addgene.org/11150/; RRID:Addgene_11150). An iClick EdU AndyFluor
647 Flow Cytometry Assay Kit (ABP Biosciences) was used to assess EdU in-
corporation. meSCs were treated with DMSO vs. 10 uM SR9009 for 2 d and
incubated with 10 uM EdU for 1 h before fixation of the cells. EdU detection
was performed following the manufacturer’s guidelines. Cells were addi-
tionally stained with 20 pg/mL Pl in 0.1% Triton-X100 supplemented with 0.2
mg/mL RNase for 40 min at 37°. Cells were analyzed with a BD FACS Canto
(BD Bioscience). Data were analyzed with FlowJo software (v8.7).
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Statistical Analysis. Statistical analyses were performed using Prism (GraphPad
Software). All data are presented as mean + SEM. One/two-sided t tests were used
when comparing drug treatment versus DMSO for single concentrations. When
comparing the effect of multiple concentrations, a one-way ANOVA was used.
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