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Figure 1. Sulforaphane (SFN) reduces diet-induced obesity. (A—C) Diet-induced obese (DIO) (n = 7-8) or (D-F) lean wild-type mice (n = 4) were treated
by daily i.p. vehicle or SFN (5 mg/kg) administrations. (A, D) Body weight, (B, E) percent change in body weight, and (C, F) average daily food intake
of the mice measured at indicated times. (G, H) Fat mass (G) and lean mass (H) of the DIO mice (n = 6-7) after SFN treatment. (I, J) Glucose tolerance
test (GTT) (I) and the area under the curve (AUC) of the GTT (J) performed on DIO mice (n = 4) following 2 weeks of vehicle or SFN treatment. GTT was
conducted after an overnight fast. *p<0.05, **p<0.01, ***p<0.001 by two-way ANOVA with Sidak correction (A-F, 1), or Student’s t-test (G, H, J).

Cakir et al. eLife 2022;11:e67368. DOI: https://doi.org/10.7554/eLife.67368 2 of 54



eLife

Medicine

A B C
. = DIO-Vehicle )
m DIO-Vehicle - DIO-SEN - DIO-Vehicle
m DIO-SFN -~ DIO-SFN
9 *okk o)
8 100 ~ 60 10+
SNl . " . 5 el
o2 80 < 50 }: Il 0 1%
2 0 60 D s |+ SE 40{  Ssesssens x
T3 2 40 i 5E e
g b= 40 > 2% -20+
57 20 g 301  CD1 mice 252 -301  CD1 mice
© o D 20— = <40
> Q0D O X DO MR
CD1 mice Days of treatment Days of treatment
D E F G
.~ Dio-Vehicke mDIO-Vehicle T ~ DIO-Vehicle m DIO-Vehicle
- - - =
3 DIO-SFN m DIO-SFN £ - DIO-SEN = DIO-SFN
g 500 - o 250
o 400 i 500007 s X 200 = 25000 ns
8 300 . ** 40000 ; 8 150 /N\\i’@, @ 20000
3 200 /\i\&_ Q 30000 | 8 100 = 15000
< 100 < 20000 2 50 & 10000
8 ol 10000 3 O 2 5000
Time after glucose (min) Time after glucose (min)
| ~ Vehicle J m Vehicle
- DIO-Vehicle SEN =SEN
= . DIO-SFN o
8 2 400 30000
86 i1 S 3 300
g 614 | > S 20000
D 4] - an Qg E 200 <
= ©7 400 10000
= m ;
7] Lean mice
(T8 0 0 T Q:; T T T T O
O RS R
Time after glucose (min)
K L
- Vehicle
o = SFN -
& ~25 S 50
5820 : 3 40
=15 1% >
< E i — Q
D 10 HFD ¥ ! E (xﬁ 30
g 2 5 1 > 'E 20
>0 E~ 10
S o 0
@ NN NS Aéf\éé
Days of treatment

Figure 1—figure supplement 1. Sulforaphane (SFN) induces weight loss in obese CD1 mice. (A) Food intake and (B) body weights, and (C) percent
change in body weight of diet-induced obese CD1 mice (n = 6 mice per group) treated daily with vehicle or 5 mg/kg SFN. (D-H) Post 6 hr daytime fast
glucose tolerance test (GTT) (D) and the area under the curve (AUC) of the GTT (E) performed on diet-induced obese (DIO) mice (n = 4) following 2
weeks of vehicle or SFN treatment. (F, G) Percent change of the initial blood glucose registered during the GTT (F) and the AUC of the normalized GTT

Figure 1—figure supplement 1 continued on next page
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Figure 1—figure supplement 1 continued

(G) performed on DIO mice (n = 4) following 2 weeks of vehicle or SFN treatment. (H) Their fasting blood glucose normalized to their body weight. (I,

J) Lean male C57BL/6J mice were treated with vehicle or SFN for 3 weeks. GTT was performed after 6 hr daytime fasting. ***p<0.001 by Student’s t-test
(A) or two-way ANOVA with Sidak correction (B, C). (K, L) Lean male wild-type mice received daily i.p. injections of vehicle or SFN (15 mg/kg) and placed
on high-fat diet (HFD). Body weight change (K) and cumulative food intakes (L) were recorded.
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Figure 2. Sulforaphane (SFN) improves metabolic function in diet-induced obese (DIO) mice. (A-C, F-H) SFN's effect on the parameters of metabolism
in wild-type DIO mice. Mice were acclimated to single housing and daily handling for 1 week, and i.p. injections of saline for 3 days prior to being
placed in metabolic cages. After acclimation, DIO wild-type mice (n = 6-8) were placed into Promethion systems, SABLE, metabolic chambers

and started receiving vehicle or 5 mg/kg SFN injections daily after being in the chambers. Cumulative food intake (A), energy expenditure (EE)

Figure 2 continued on next page
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Figure 2 continued

(B), respiratory exchange ratio (RER) (C), and physical activity on the three axes (F-H) were recorded for light and dark cycles. (D, E) Analysis of gene
expression by gPCR in liver (D) and inguinal white adipose tissue (WAT) (E) of DIO mice (n = 7) following treatment with vehicle or SFN. *p<0.05,
**p<0.01, **p<0.001 by two-way ANOVA with Sidak correction (A-C, F-H), or Student’s t-test (D, E).
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Figure 3. Sulforaphane (SFN) prevents the development of diet-induced obesity. Lean wild-type mice (n = 6~7 per group) were treated with vehicle on
standard chow (Chow) or placed on high-fat diet (HFD) and treated daily with either vehicle or SFN (i.p., 10 mg/kg) for eight consecutive weeks. (A) Body
weight and (B) percent change in body weight of the animals during the treatment period. (C) Body composition of the mice at the end of the treatment
period. (D) Cumulative food intake during the treatment period. (E, F) Plasma leptin (n = 6-10) (E) and blood glucose levels (n = 6-14) (F) measured at

the end of 8-week study. *p<0.05, **p<0.01, ***p<0.001 by two-way ANOVA with Tukey's post-hoc test (A, B, D), one-way ANOVA (C, E, F).
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Figure 4. The antiobesity effect of sulforaphane (SFN) is NRF2-dependent and HDAC6-independent. (A-H) NRF2 KO mice were placed on high-fat diet
(HFD) to induce obesity. Mice were then treated daily by i.p. vehicle or SFN injections. SFN dose was 5 mg/kg for the first three weeks and increased to
10 mg/kg thereafter. Wild-type diet-induced obese (DIO) mice were treated with vehicle or SFN for the same period for comparison. (A, B) Body weight
(A) and percent change in body weight (B) of the NRF2 KO mice throughout the vehicle or SFN treatments. (C) Body weight of NRF2 KO (the same

Figure 4 continued on next page
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Figure 4 continued

cohort graphed in A) and wild-type DIO mice receiving treatments with vehicle or SFN for the same period for comparison. (D) Percent change in body
weight of NRF2 KO and wild-type DIO mice at the end of the treatments shown in panel (C). (E, F) Daily food intake (E) and cumulative food intake (F) of
the DIO NRF2 KO mice (n = 6 per group) during the treatment period. (G, H) Glucose tolerance test (GTT) (G) and the area under the curve (AUC) of the
GTT (H) performed on NRF2 KO DIO mice (n = 6, 8) during the 3 weeks of vehicle or 5 mg/kg SFN treatment shown in (A). (I-K) HDAC6 KO or wild-type
mice were fed HFD to induce obesity. The mice were then treated with vehicle or 5 mg/kg SFN by daily i.p. injections. Body weights (1), percent change
in body weight (J), and daily food intakes (K) were recorded (n = 4-6 mice per group). *p<0.05, **p<0.01, ***p<0.001 by two-way ANOVA with Sidak
correction (A-l).
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Figure 4—figure supplement 1. Effect of
sulforaphane (SFN) on tubulin acetylation in mouse
embryonic fibroblasts (MEFs). MEFs treated with
DMSO as vehicle, SFN or the HDACé-specific inhibitor
Tubastatin A HCI (TubA) at the indicated doses for

24 hr. Tubulin acetylation (K40) was analyzed by
Western blotting.
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Figure 4—figure supplement 2. Sulforaphane (SFN) does not induce a beige or brown adipose-specific gene expression profile. (A, B) Diet-induced
obese (DIO) wild-type mice were treated with vehicle or 5 mg/kg SFN for 1 week (n = 6-7 per group). The expression of brown adipose, beige adipose,
and mitochondrial genes in inguinal white adipose tissue ((WAT) (A) and brown adipose tissue (BAT) (B) were analyzed by gPCR. (C-F) The fragments
per kilobase of transcript per million mapped reads (FKPM) values of the BAT marker genes in iWAT of vehicle or SFN-treated DIO NRF2 KO mice.
p-adjusted values (false discovery rate [FDR]) are indicated over the bar graphs. *padj<0.05, **padj<0.01 (See also Supplementary file 2). (G-I) The
expression of beige-specific (G) and brown-related genes (H) and of Ngo1 (I) in iWAT explants (n = 4-6 per group) from DIO wild-type mice were treated
with vehicle or indicated doses of SFN for 24 hr. Gene expression was analyzed by gPCR. *p<0.05, **p<0.01, ***p<0.001 by Student’s t-test.
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Figure 5. Sulforaphane (SFN) reduces obesity by improving leptin action. (A-F) Leptin signaling is required for SFN's action. Lepr®® mice (n = 3 per
group) (A-C) and Lep®®®® mice (n = 3 per group) (D-F) fed with normal chow diet were treated with vehicle or 5 mg/kg SFN for 4 weeks by daily i.p.
injections. Body weight (A, D), percent change in body weights (B, E), and food intake (C, F) of the animals. (G-I) Cumulative food intake (G), body

weight change (percent of initial) (H), and average daily food intakes (before and after leptin injections, I) of Lep

Figure 5 continued on next page
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mice (n = 6 mice per group)
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Figure 5 continued

pretreated for 3 days with vehicle or 5 mg/kg SFN, then started receiving daily i.p. injections of leptin (0.2 mg/kg). (J, K) Post 24 hr fast-refeeding kinetics
in normal chow-fed lean wild-type mice (n = 15-16 mice per group) show the body weight change (J) and food intake (K) of mice that received single
dose of vehicle, saline, 5 mg/kg SFN and/or 0.2 mg/kg leptin 1 hr before refeeding begins. *p<0.05, **p<0.01, ***p<0.001 by two-way ANOVA with
Sidak correction (A, B, D, E, G-l), or Tukey's post-hoc test (J, K).
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Figure 5—figure supplement 1. Sulforaphane (SFN) requires leptin action for improved glucose homeostasis. (A, B) Glucose tolerance test (GTT)
conducted on 6 hr daytime fasted Lep®® (A) or Lepr®® (n = 4 mice per group) (B) mice fed with normal chow and treated with 3-week i.p. vehicle or
5 mg/kg SFN.
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Figure 5—figure supplement 2. The antiobesity effect of sulforaphane (SFN) is not centrally mediated. (A, B) Diet-induced obese (DIO) wild-type mice
were implanted a guide cannula into the lateral ventricle. Graphs show the body weight change (A) and food intakes (B) of the animals (n = 6-7 mice per
group) that were infused with vehicle or SFN 5 pg for 3 days, then 10 ug for 2 days into the lateral ventricle. Statistics conducted by mixed effect analysis
with Sidak correction. (C) Immortalized hypothalamic N1 cells were transfected with FLAG-tagged LepRb expression plasmids. Cells were treated with
vehicle or SFN (100-500 nM) for 24 hr. Cells were then treated with 10, 33, 100 ng/mL leptin for 15 min, and the STAT3 phosphorylation at Y705 was
analyzed by immunoblots.
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Figure 5—figure supplement 3. Sulforaphane (SFN) acts primarily in the periphery. (A) Analysis of expression of oxidative stress response (OSR)
and heat shock response (HSR) genes following SFN (1 pM) treatment of mouse embryonic fibroblasts (MEFs) (n = 3 per group). *p<0.05, by one-way
ANOVA with Dunnett correction. (B) RNAseq results from wild-type and NRF2 KO diet-induced obese (DIO) mice after SFN or vehicle indicate the
number of differentially expressed genes (DEGs) in various tissues.
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Figure 6. The molecular signature of sulforaphane (SFN) action in the obese mice. (A) The expression of NRF2-target gene Hmox1 in the gastrocnemius
skeletal muscle (left panel), and eWAT, inguinal white adipose tissue ((\WAT), liver, the hypothalamus (right panel) measured by gPCR of diet-induced
obese (DIO) wild-type mice (n = 7 per group) following 1 week of vehicle or 5 mg/kg SFN treatments. *p<0.05, calculated by Student’s t-test. (B) Hmox1
mRNA expression measured by gPCR in the skeletal muscle of DIO NRF2 KO mice (n = 8 per group) following i.p. vehicle or 5 mg/kg SFN treatments.
(C, D) RNAseq was conducted on DIO wild-type NRF2 KO mouse tissues following vehicle or SFN treatment (n = 5 per tissue, per treatment).

(C) Connectivity Map (CMap) correlation score of the SFN gene expression signature from each tissue. (D) KEGG enrichment pathway analysis of skeletal
muscle based on the RNAseq results from WT DIO (left panel) and NRF2 KO DIO (right panel) mice.
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Figure 6—figure supplement 1. RNAseq results of the vehicle vs. sulforaphane (SFN)-treated wild-type diet-induced obese (DIO) mice. (A) Volcano
plots for genes at p<0.05 from the RNAseq of liver (Liv, A), the hypothalamus (Hyp, B), skeletal muscle (SkM, C), brown adipose tissue (BAT, D), e WAT

(E), and inguinal white adipose tissue (i\WAT) (F).
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Figure 6—figure supplement 2. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of KEGG Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in skeletal muscle of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis
listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of
significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary

file 4).
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Figure 6—figure supplement 3. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. . Dot plots of KEGG, Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in skeletal muscle of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis
listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of
significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary

file 4).
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Figure 6—figure supplement 4. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of Reactome Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in skeletal muscle of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis
listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of
significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary

file 4).
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Figure 6—figure supplement 5. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of Reactome Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in skeletal muscle of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis
listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of
significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary

file 4).
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Figure 6—figure supplement 6. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following

SFN treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of GO Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in skeletal muscle of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis
listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of
significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary

file 4).
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Figure 6—figure supplement 7. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following

SFN treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of GO Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in skeletal muscle of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis
listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of
significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary
file 4).
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Figure 6—figure supplement 8. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of KEGG Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in liver of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis listed in Y axis.
Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of significantly altered

genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary file 4).
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Figure 6—figure supplement 9. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of KEGG, Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in liver of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis listed in
Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of significantly
altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary file 4).
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Figure 6—figure supplement 10. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of Reactome Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in liver of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis listed in Y axis.
Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of significantly altered

genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary file 4).
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Figure 6—figure supplement 11. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of Reactome Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in liver of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis listed in
Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of significantly
altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary file 4).
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Figure 6—figure supplement 12. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following

SFN treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of GO Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in liver of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis listed in Y axis.
Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of significantly altered
genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary file 4).
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Figure 6—figure supplement 13. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following
SFN treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of GO Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in liver of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis listed in
Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of significantly
altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary file 4).
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Figure 6—figure supplement 14. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of KEGG Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in inguinal white adipose tissue (i\WAT) of WT DIO and NRF2 KO DIO mice. Pathways
enriched in each analysis listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot
represents number of significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent

0), (Supplementary file 4).
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Figure 6—figure supplement 15. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of KEGG, Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in inguinal white adipose tissue ((\WAT) of WT DIO and NRF2 KO DIO mice. Pathways
enriched in each analysis listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot
represents number of significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent

0), (Supplementary file 4).
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Figure 6—figure supplement 16. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of Reactome Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in inguinal white adipose tissue ((\WAT) of WT DIO and NRF2 KO DIO mice. Pathways
enriched in each analysis listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot
represents number of significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent

0), (Supplementary file 4).
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Figure 6—figure supplement 17. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of Reactome Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in inguinal white adipose tissue ((\WAT) of WT DIO and NRF2 KO DIO mice. Pathways
enriched in each analysis listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot
represents number of significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent

0), (Supplementary file 4).
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Figure 6—figure supplement 18. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following
SFN treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of GO Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in inguinal white adipose tissue (\WAT) of WT DIO and NRF2 KO DIO mice. Pathways

enriched in each analysis listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot

represents number of significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent

0), (Supplementary file 4).
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Figure 6—figure supplement 19. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following

SFN treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of GO Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in inguinal white adipose tissue (i\WAT) of WT DIO and NRF2 KO DIO mice. Pathways
enriched in each analysis listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot
represents number of significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent

0), (Supplementary file 4).
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Figure 6—figure supplement 20. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of KEGG Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in epididymal white adipose tissue (€ WAT) of WT DIO and NRF2 KO DIO mice. Pathways
enriched in each analysis listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot
represents number of significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent

0), (Supplementary file 4).
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Figure 6—figure supplement 21. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of KEGG, Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in epididymal white adipose tissue (eWAT) of WT DIO and NRF2 KO DIO mice. Pathways
enriched in each analysis listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot
represents number of significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent

0), (Supplementary file 4).

Cakir et al. eLife 2022;11:e67368. DOI: https://doi.org/10.7554/eLife.67368

38 of 54



o
ELlfe Research article Medicine
eWAT_SFNvseWAT_Veh.up
Trafficking and processing of endosomal TLR . TP53 Regulates Transcription of Cell Cycle Genes -
Toll-like Receptor Cascades ) N-glycan trimming in the ... 9
Regulation of Insulin-like Growth .. ° Extracellular matrix organization 4
Regulation of Complement cascade . Regulation of TNFR1 signaling <
Post-translational protein phosphorylation . Regulation of PLK1 Activity at G2/M Transition 4
i J Count
Neutrophil degranulation Signaling by PDGF
2
-, . Chk1/Chk2(Cds1) mediated inactivation of ...
1SG15 antiviral mechanism . Count o 4
20 Synthesis of PE -
Interferon Signaling . ® v ® 6
o L Mitotic G2-G2/M phases ® 38
Interferon alpha/beta signaling ® 60 g ® 1
= G2/M Transition 4
Immunoregulatory interactions betweena ... . _ 5
padj 8 Apoptotic cleavage of cell adhesion proteins 4 adi
Generation of second messenger molecules {  + - 100 A padj 1.00
075 TNFR1-induced NFkappaB signaling pathw ay . :
ER-Phagosome pathway . ) 0.75
0.50 Apoptotic execution phase -
Complement cascade . 0.50
025 Calnexin/calreticulin cycle 4
Clathrin-mediated endocytosis . - 0.00 025
Mitotic Prometaphase 4 . 000
Chemokine receptors bind chemokines . o
Elastic fibre formation 4
Cell surface interactions at the vascular wall .
Cell junction organization 4
Cargo recognition for clathrin-mediated ... . ER Quality Control Compartment (ERQC) |
Binding and Uptake of . N Growth hormone receptor signaling -
Antiviral mechanism by IFN-stimulated genes . Prolactin receptor signaling 4
Antigen Presentation: Folding, assembly . . 0.02 0.03 0.04 0.05 0.06
GeneRatio
0.03 0.06 0.09 0.12
GeneRatio
Reactome Enrichment analysis of upregulated genes in the e WAT. Left: WT, Right: nrf2 KO

Figure 6—figure supplement 22. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of Reactome Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in epididymal white adipose tissue (eWAT) of WT DIO and NRF2 KO DIO mice. Pathways
enriched in each analysis listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot
represents number of significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent

0), (Supplementary file 4).
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Figure 6—figure supplement 23. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of Reactome Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in epididymal white adipose tissue (eWAT) of WT DIO and NRF2 KO DIO mice. Pathways
enriched in each analysis listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot
represents number of significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent
0), (Supplementary file 4).
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Figure 6—figure supplement 24. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following

SFN treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of GO Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in epididymal white adipose tissue (eWAT) of WT DIO and NRF2 KO DIO mice. Pathways
enriched in each analysis listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot
represents number of significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent

0), (Supplementary file 4).
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Figure 6—figure supplement 25. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following

SFN treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of GO Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in epididymal white adipose tissue (€WAT) of WT DIO and NRF2 KO DIO mice. Pathways
enriched in each analysis listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot
represents number of significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent

0), (Supplementary file 4).
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Figure 6—figure supplement 26. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of KEGG Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in hypothalamus of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis
listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of
significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary

file 4).
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Figure 6—figure supplement 27. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of KEGG, Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in hypothalamus of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis
listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of
significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary

file 4).
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Figure 6—figure supplement 28. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of Reactome Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in hypothalamus of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis
listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of
significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary

file 4).
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Figure 6—figure supplement 29. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of Reactome Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in hypothalamus of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis
listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of
significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary

file 4).
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Figure 6—figure supplement 30. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following

SFN treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of GO Enrichment Pathway analyses of RNA sequencing results indicating
significantly up regulated genes following SFN treatments in hypothalamus of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis
listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of
significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary

file 4).
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Figure 6—figure supplement 31. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following

SFN treatments in tissues of WT DIO and NRF2 KO DIO mice. Dot plots of GO Enrichment Pathway analyses of RNA sequencing results indicating
significantly downregulated genes following SFN treatments in hypothalamus of WT DIO and NRF2 KO DIO mice. Pathways enriched in each analysis
listed in Y axis. Gene Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of
significantly altered genes in each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary

file 4).
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Figure 6—figure supplement 32. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO mice. Dot plots of KEGG Enrichment Pathway analyses of RNA sequencing results indicating significantly up regulated

genes following SFN treatments in brown adipose tissue (BAT) of WT DIO mice. Pathways enriched in each analysis listed in Y axis. Gene Ratio

represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of significantly altered genes in each
condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary file 4).
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Figure 6—figure supplement 33. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following

SEN treatments in tissues of WT DIO mice. Dot plots of KEGG, Enrichment Pathway analyses of RNA sequencing results indicating significantly
downregulated genes following SFN treatments in brown adipose tissue (BAT) of WT DIO mice. Pathways enriched in each analysis listed in Y axis. Gene
Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of significantly altered genes in
each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary file 4).
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Figure 6—figure supplement 34. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO mice. Dot plots of Reactome Enrichment Pathway analyses of RNA sequencing results indicating significantly up
regulated genes following SFN treatments in brown adipose tissue (BAT) of WT DIO mice. Pathways enriched in each analysis listed in Y axis. Gene Ratio
represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of significantly altered genes in each
condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary file 4).
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Figure 6—figure supplement 35. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following

SFN treatments in tissues of WT DIO mice. Dot plots of Reactome Enrichment Pathway analyses of RNA sequencing results indicating significantly
downregulated genes following SFN treatments in brown adipose tissue (BAT) of WT DIO mice. Pathways enriched in each analysis listed in Y axis. Gene
Ratio represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of significantly altered genes in
each condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary file 4).
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Figure 6—figure supplement 36. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO mice. Dot plots of GO Enrichment Pathway analyses of RNA sequencing results indicating significantly up regulated
genes following SFN treatments in brown adipose tissue (BAT) of WT DIO mice. Pathways enriched in each analysis listed in Y axis. Gene Ratio
represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of significantly altered genes in each
condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary file 4).
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Figure 6—figure supplement 37. Pathway enrichment analyses of bulk RNA sequencing results indicating significantly altered genes following SFN
treatments in tissues of WT DIO mice. Dot plots of GO Enrichment Pathway analyses of RNA sequencing results indicating significantly downregulated
genes following SFN treatments in brown adipose tissue (BAT) of WT DIO mice. Pathways enriched in each analysis listed in Y axis. Gene Ratio
represents the ratio of differentially expressed genes to all genes for each GO term. Size of dot represents number of significantly altered genes in each
condition. Color of dot represents the adjusted p values (purple represents 1 and red represent 0), (Supplementary file 4).
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