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Supplemental materials include 10 figures and 3 tables.

Figure S1. miR-22 is highly expressed in brown fat and upregulated after cold treatment.
Figure S2. No changes in serum biochemical indices or metabolic cage indices were
observed in miR-22 AKO mice on a chow diet at RT.
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Figure S5. Adipose-specific miR-22 AKO mice exhibit defective browning capacity of
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Figure S6. miR-22 KO mice are protected against HFD-induced insulin resistance.
Figure S7. Glycolysis is suppressed in BAT from miR-22 conditional knockout mice.
Figure S8. miR-22 promotes thermogenesis and glycolysis by directly suppressing
Hiflan.

Figure S9. Identification of miR-22 direct targets in regulating mTORC1 signaling.
Figure S10. The working model of miR-22 in regulating BAT thermogenesis.

Table S1. Primers used in the present study.

Table S2. siRNA or inhibitor used in the present study.

Table S3. The antibodies used in this study.
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Figure S1. miR-22 is highly expressed in brown fat and upregulated after cold treatment. (A) qRT-PCR
analysis for miR-22 in BAT of wild type and db/db mice. n = 3 biological replicates. (B) qRT-PCR
analysis for miR-22 in primary brown adipocytes (differentiated for 6 days) in response to CL
(CL316,243) treatment (0.5 uM, 6 H). n = 3 technical replicates. (C) In situ hybridization for miR-22 at
indicated conditions. Top panel, representative low magnification image (Scale bar: 50 pm); bottom
panels, high magnification images indicated by dashed boxes in top panel image (Scale bar: 10 um), U6
used as a positive control, eWAT: epididymal WAT. *P < 0.05, **P < 0.01, and ***P < 0.001 (two-tailed
Student’s z-test).
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Figure S2. No changes in serum biochemical indices or metabolic cage indices were observed in miR-
22 AKO mice on a chow diet at RT. (A) Schematics of generating miR-22 AKO mouse. (B) qRT-PCR
analysis for miR-22 in BAT, iWAT and eWAT from miR-22 AKO mice and littermate controls (n = 3).
(C-F) The levels of glucose (C), triglyceride (TAG) (D), free fatty acid (E) and total cholesterol (F) in
the serum from Ctrl (n = 8) and AKO (n = 8) male mice under 16-hour fasted conditions. (G-I) Indirect
calorimetry analysis of oxygen consumption (VO,) (G), exhaled carbon dioxide (VCO,) (H), and EE (I)
in WT (n = 8) and AKO (n = 8) mice. (J) qRT-PCR analysis for miR-22 in BAT from miR-22 BKO mice
and littermate controls (n = 3). (K) Representative thermal images of miR-22 BKO mice (n = 3) and
their littermate controls (n = 3) at the indicated conditions. *P < 0.05, **P < 0.01, and ***P < 0.001
(two-tailed Student’s #-test). Data are represented as the means + SEMs (G-I) and others as the means +
SDs. BKO: brown adipocyte-specific miR-22 knockout mice, UcpI-Cre; miR-22//.
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Figure S3. Whitening of BAT in miR-22 AKO and BKO mice. (A) Western blots for Ucpl and Prdm16
in BAT from control and miR-22 AKO mice. B-Tubulin was used as a loading control. (B)
Immunofluorescence of Ucpl in BAT from control and miR-22 AKO mice. Scale bar: 50 um. (C) O,
consumption of isolated BAT from control and miR-22 AKO mice. n = 7 biological replicates. (D)
Macroscopic and histological images of control and miR-22 BKO mice BAT at the age of 10 weeks. n =
3 biological replicates. Scale bar: 50 um. (E) qRT-PCR analysis for BAT-selective genes in BAT from

control and miR-22 BKO mice at the age of 10 weeks. n = 3 biological replicates. *P < (.05, **P < 0.01,
and ***P < 0.001 (two-tailed Student’s #-test).
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Figure S4. miR-22 is required for WAT adipogenesis in vitro. (A) Oil red O staining in differentiated
primary white adipocytes (day 6) (Scale bar: 220 um) and quantification of Oil red O dye by
spectrophotometer at 450 nm. n = 3 technical replicates. (B) qRT-PCR analysis for pan-adipocyte genes
in differentiated primary white adipocytes (day 6). n = 3 technical replicates. *P < 0.05, **P < 0.01, and
*#*P <(.001 (two-tailed Student’s ¢-test).
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Figure S5. Adipose-specific miR-22 AKO mice exhibit defective browning capacity of WAT. (A-B)

Ratios of iWAT (A), and eWAT (B) weight to body weight (n = 14) in control and AKO mice. (C-D)
Histochemical staining by H&E (left and middle panels) and Ucpl immunohistochemical staining (right
panel) for iWAT (C) and eWAT (D) section from control and AKO mice. Scale bar: 50 pm. (E-F) Western
blots for Ucpl in iWAT (E) and eWAT (F) from AKO mice and their littermate controls after CL
treatment. B-actin was used as a loading control. (G) gqRT-PCR analysis for BAT-selective genes in iWAT
from AKO mice and their littermate controls after 1 week of the P3-adrenergic receptor agonist
CL316,243 (1 mg/kg) injection. n = 3 biological replicates. (H) Oil red O staining of differentiated beige

adipocytes (day 6) from WT and miR-22 KO mice. Scale bar: 100 pm (I) gRT-PCR analysis for BAT-

selective genes and pan-adipocyte genes in differentiated beige adipocytes. n = 3 technical replicates. (J)

Western blots for Ucpl in differentiated beige adipocytes from WT and miR-22 KO mice. *P < 0.05,

**P <0.01, and ***P <0.001 (two-tailed Student’s ¢-test).
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Figure S6. miR-22 KO mice are protected against HFD-induced insulin resistance. (A) Quantification
of body weights of WT (n = 10) and KO (n = 10) mice at HFD condition. (B-C) The levels of glucose
(B) and total cholesterol (C) in serum from WT (n = 8) and KO (n = 8) male mice following 10 weeks
of HFD under 16-hour fasted conditions. (D-E) The levels of glucose tolerance test (GTT) (D) and
insulin tolerance test (ITT) (E) in WT (n = 8) and miR-22 KO (n = 8) mice following 10 weeks of HFD
under 16-hour fasted conditions. (F) Macroscopic view of livers from WT (n = 4) and miR-22 KO (n =
4) male mice at the age of 18 weeks. The mice were treated with HFD for 10 weeks at age of 8 weeks.
(G) Quantification of liver weights in panel F. (H) H&E and Oil Red O staining of livers from WT and
miR-22 KO male mice in Panel F. Scale bar: 100 um. (I) Quantification of body weights from control (n
= 10) and miR-22 AKO (n = 10) male mice during HFD. (J-K) The levels of GTT (J) and ITT (K) in
serum from control (n = 8) and miR-22 AKO (n = 8) mice following 10 weeks of HFD. (L) Liver
weights of control and miR-22 AKO mice after 10 weeks of HFD (n = 5). The mice were treated with
HFD for 10 weeks at age of 8 weeks. (M) H&E staining of liver from control and miR-22 AKO mice
after 10 weeks of HFD (Scale bar: 50 um). *P < 0.05, **P < 0.01, and ***P < 0.001 (two-tailed
Student’s ¢-test). Data are represented as the means + SEMs (A, D, E, I, K, J) and others as the means +
SDs.
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Figure S7. Glycolysis is suppressed in BAT from miR-22 conditional knockout mice. (A) Heatmaps of
differentially expressed genes in BAT between WT and miR-22 KO mice. (B) Heatmaps of
differentially expressed genes related to thermogenesis. (C) gRT-PCR analysis for the indicated
glycolytic genes in BAT from control and miR-22 AKO mice (n = 3). (D) ECAR of BAT isolated from
control and miR-22 AKO mice (n = 6). (E) qRT-PCR analysis for the indicated glycolytic genes in BAT
from Ctrl and miR-22 BKO mice. n = 3 biological replicates. *P < 0.05, **P < 0.01, and ***P < (0.001
(two-tailed Student’s ¢-test). Data are represented as the means + SDs.
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Figure S8. miR-22 promotes thermogenesis and glycolysis by directly suppressing Hiflan. (A) qRT-
PCR analysis for the indicated genes in thermogenic and glycolytic pathways in differentiated primary
brown adipocytes (day 6) upon Hifla siRNA treatments. n = 4 technical replicates. (B-C) OCR (B) and
ECAR (C) in differentiated miR-22 KO SVF cells at indicated conditions. *P < 0.05, **P < 0.01, and
**%P <(.001 (two-tailed Student’s z-test). Data are represented as the mean + SD.
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Figure S9. Identification of miR-22 direct targets in regulating mTORC]1 signaling. (A) Western blots of
Tscl during the differentiation of brown preadipocytes. B-Tubulin was used as a loading control. (B)
Western blots of Tscl after siRNA treatment. B-actin was used as a loading control. (C-D) OCR (C) and
ECAR (D) in differentiated primary brown adipocytes (day 6) at indicated conditions. *P < 0.05, **P <
0.01, and ***P < 0.001 (two-tailed Student’s ¢-test). Data are represented as the mean + SD.
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Figure S10. The working model of miR-22 in regulating BAT thermogenesis.



Table S1. Primers used in the present study.

Gene Forward Reverse

Ucpl CACCTTCCCGCTGGACACT CCCTAGGACACCTTTATACCTAATGG
Prdm16 CAGCACGGTGAAGCCATTC GCGTGCATCCGCTTGTG

Cidea ATCACAACTGGCCTGGTTACG TACTACCCGGTGTCCATTTCT
Pgcla CCCTGCCATTGTTAAGACC TGCTGCTGTTCCTGTTTTC

Cox8b GAACCATGAAGCCAACGACT GCGAAGTTCACAGTGGTTCC
Cox5a GCCGCTGTCTGTTCCATTC GCATCAATGTCTGGCTTGTTGAA
C/EBPa. CAAGAACAGCAACGAGTACCG GTCACTGGTCAACTCCAGCAC
Elovl3 TCCGCGTTCTCATGTAGGTCT GGACCTGATGCAACCCTATGA
Adipoq GCACTGGCAAGTTCTACTGCAA GTAGGTGAAGAGAACGGCCTTGT
Fabp4 ACACCGAGATTTCCTTCAAACTG CCATCTAGGGTTATGATGCTCTTCA
PPARy GTGCCAGTTTCGATCCGTAGA GGCCAGCATCGTGTAGATGA

HK2 TGATCGCCTGCTTATTCACGG AACCGCCTAGAAATCTCCAGA
Gpil TCAAGCTGCGCGAACTTTTTG GGTTCTTGGAGTAGTCCACCAG
Pfkl GGAGGCGAGAACATCAAGCC CGGCCTTCCCTCGTAGTGA

Pfkp TGGTGCCATCATGCTATCTGA GGTCGCACGTCTCGACAAT

Pfkm TGTGGTCCGAGTTGGTATCTT GCACTTCCAATCACTGTGCC

Fbp2 ACCCTGACCCGTTACGTTATG ACATTCACGCTCCCCGAAATC
Gyk TGAAGAAAGCGAAATCCGTTACT CCCAAAGGCAGACTACAGAAG
Pgkl ATGTCGCTTTCCAACAAGCTG GCTCCATTGTCCAAGCAGAAT
Glutl CAGTTCGGCTATAACACTGGTG GCCCCCGACAGAGAAGATG

Glut4 GTGACTGGAACACTGGTCCTA CCAGCCACGTTGCATTGTAG
Pkml CTGCTGTTTGAAGAGCTTGTG GAGTCACGGCAATGATAGGA
Pkm2 TGCTGCAGTGGGGCCATTAT GAGTCACGGCAATGATAGGA
Hiflan GTCCCAGCTACGAAGTTACAGC CAGTGCAGGATACACAAGGTTT
Hiflo ACCTTCATCGGAAACTCCAAAG CTGTTAGGCTGGGAAAAGTTAGG
Tscl ATGGCCCAGTTAGCCAACATT CAGAATTGAGGGACTCCTTGAAG
Tbp ACCCTTCACCAATGACTCCTATG TGACTGCAGCAAATCGCTTGG

36B4

Mut-adipog-cre
Ctrl-adipog-cre
miR_zzﬂoxp/ﬂoxp
miR-22KO-mut
miR-22KO-wt
miR-22KO-com

TTTGGGCATCACCACGAAAA

GGACACCCTCCAGAAAGCGA

Primer sequences used for genotyping

ACGGACAGAAGCATTTTCCA

CTAGGCCACAGAATTGAAAGATCT
AGGGCCCCGGCTTTTACTGCTGAT

AGCTTGCCTGGGACTTAACC
ACAGGAAAGCTGGGTGACAG
TGCATTTAGAAGCCTCTTGCT

GGATGTGCCATGTGAGTCTG
GTAGGTGGAAATTCTAGCATCATCC
GGAGGGGAGGGAGGTATGGGTAGG




Table S2. siRNA or inhibitor used in the present study.

Gene Forward Reverse

miR-22 inhibitor ~~ ACAGUUCUUCAACUGGCAGCUU

miR-22 mimics AAGCUGCCAGUUGAAGAACUGU AGUUCUUCAACUGGCAGCUUUU
siHiflan GGGAGGAAAUUAAAUUUCATT UGAAAUUUAAUUUCCUCCCTT
siTscl GGAUGUACCCAUGUAACUUTT AAGUUACAUGGGUACAUCCTT
siHiflo GCUCACCAUCAGUUAUUUATT UAAAUAACUGAUGGUGAGCTT




Table S3. The antibodies used in this study.

Antigen Vendor Catalog number
Ucpl Abcam ab10983
Prdm16 Abcam ab106410
pS6 Cell Signaling Technology 4858
Hiflan Abcam ab187524
Hifla Abcam ab16066
AKT Cell Signaling Technology 9272
AKT-pS473 Cell Signaling Technology 4060
AKT-pT308 Cell Signaling Technology 13038

S6 Abcam ab225676
4ebpl Cell Signaling Technology 9644

p-p70 S6K Cell Signaling Technology 9205

p70 S6K Cell Signaling Technology 9202
p-4ebpl Cell Signaling Technology 2855

Tscl Proteintech 20988-1-AP
B-actin YEASEN 30101ES50
B-Tubulin YEASEN 30301ES60
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