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Supplementary Figure 1. Deregulated genes in male patients with NAFLD. (a)
Venn diagram highlighting significantly upregulated and downregulated genes in
NAFL and NASH patients compared to Normal volunteers. (b) Enriched GO term
process associated with protein ubiquitination from gene enrichment analysis on

overlapping genes. (c) Heap map depicting relative expression of genes involved with



protein ubiquitination. Source data are provided as a Source data file.
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Supplementary Figure 2. CANDI1 alleviates PA-induced lipid accumulation in
cultured THLE-2, AML12 and HepG2 cells. (a) CAND1 knockdown efficiency by
Western blotting (n=4). (b) Oil red O staining of PA treated THLE-2 cells after
knockdown of CANDI1 (n=6). (c, d) Knockdown of CAND1 on TG and TC content of
PA treated THLE-2 cells (n=6). (e) Western blotting of CANDI in THLE-2 cells
transfected with CAND1 overexpressing plasmids (n=4). (f) Oil red O staining of PA
treated THLE-2 cells after CANDI overexpression (n=6). (g, h) TG and TC content of
PA treated THLE-2 cells after CAND1 overexpression (n=6). (i) CANDI knockdown
efficiency by Western blotting (n=4). (j) Oil red O staining of PA treated AML12 cells
after knockdown of CAND1 (n=6). (k, 1) Knockdown of CAND1 on TG and TC content
of PA treated AMLI12 cells (n=6). (m) Western blotting of CAND1 in AMLI2 cells
transfected with CAND1 overexpressing plasmids (n=4). (n) Oil red O staining of PA
treated AML12 cells after CAND1 overexpression (n=6). (o, p) TG and TC content of
PA treated AML12 cells after CANDI overexpression (n=6). (q) CAND1 knockdown
efficiency by Western blotting (n=4). (r) Oil red O staining of PA treated HepG2 cells
after knockdown of CAND1 (n=6). (s, t) Knockdown of CAND1 on TG and TC content
of PA treated HepG2 cells (n=6). (u) Western blotting of CAND1 in HepG2 cells
transfected with CAND1 overexpressing plasmids (n=4). (v) Oil red O staining of PA
treated HepG2 cells after CANDI1 overexpression (n=6). (w, x) TG and TC content of
PA treated HepG?2 cells after CANDI1 overexpression (n=6). p values obtained via two-
tailed unpaired Student’s ¢ tests, one-way ANOVA with Tukey's multiple comparisons

test. The data were shown as means + SD of independent biological replicates. Source



data are provided as a Source data file. TG, Triglyceride; TC, Total cholesterol; NC,

negative control. Scale bar=50 um. Magnification 200x.
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Supplementary Figure 3. Conventional CAND1 heterozygous knockout (CAND1

KO™) aggravates HFD-induced liver steatosis and insulin resistance. (a) Schematic



diagram of CAND1 KO mice using CRISPR/Cas9 system. The deleted region (exons3-
7) of CANDI1 is indicated in the sequencing results. (b) Western blotting of CAND1 in
WT and CAND1 KO™ mice (n=6). (c) Liver weight to body weight ratio (LW/BW) of
CANDI1 KO"" and WT mice after 12 weeks of HFD feeding (n=7). (d) TG content in
the indicated groups (WT-HFD, n=8; CAND1 KO""-HFD, n=6). (¢) H&E and Oil red
O staining of liver sections of CANDI KO~ and WT mice after 12 weeks of HFD
treatment (n=6). (f) Fasting blood glucose of WT and CAND1 KO™" mice after 12
weeks of HFD feeding (WT-HFD, n=10; CAND1 KO""-HFD, n=9). (g) Fasting insulin
levels for WT and CAND1 KO™ mice after 12 weeks of HFD feeding (n=6). (h)
HOMA-IR index for WT and CAND1 KO"" mice after 12 weeks of HFD feeding (n=6).
(i) GTTs of WT and CAND1 KO™" mice after 12 weeks of HFD feeding (n=5). (j) ITTs
of WT and CAND1 KO"" mice after 12 weeks of HFD feeding (n=5). p values obtained
two-sided unpaired Student’s #-test. The data were shown as means + SD of independent
biological replicates. Source data are provided as a Source data file. TG, Triglyceride.

Scale bar=50 um. Magnification 200x.
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Supplementary Figure 4. Construction of CAND1 hepatocyte-specific knockout
(conditional knockout, cKO) mice. (a) A simple schematic diagram for the generation
of CANDI1 c¢KO mice. (b) Western blotting of CANDI in WT and cKO mice (n=4).

Source data are provided as a Source data file.
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Supplementary Figure 5. The construction of CAND1 hepatocyte-specific knockin
(cKI) mice. (a) A simple schematic diagram for the generation of CAND1 cKI mice.
(b) Western blotting of CAND1 in WT and cKI mice (n=4). Source data are provided

as a Source data file.
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Supplementary Figure 6. CAND1 has no effect on fibrosis in NAFLD male mice.
(a) Sirius red staining of liver sections of cKO and WT male mice after 16 weeks of
HFD treatment (n=5). (b) Sirius red staining of liver sections of cKI and WT male mice
after 16 weeks of HFD treatment (n=5). (c) aFP levels in cKO and WT male mice after
16 weeks of HFD treatment (n=8). p values obtained two-sided unpaired Student’s #-
test. The data were shown as means + SD of independent biological replicates. Source
data are provided as a Source data file. n.s., not significant difference. Scale bar=50 um.

Magnification 100x.
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Supplementary Figure 7. Hepatocyte-specific CAND1 deficiency exacerbates
HFD-induced hepatic steatosis in female mice. (a) Food intake of CAND1 cKO mice
and WT female mice after 12 weeks of NC or HFD feeding (n=7). (b) Body weight in
indicated groups (n=7). (c) LW/BW ratio (n=7). (d, ) TG and TC content in indicated
groups (n=6). (f) H&E and Oil red O staining of liver sections (n=6). Scale bar=50 um.
Magnification 200x. p values obtained two-sided unpaired Student’s #-test. The data
were shown as means = SD of independent biological replicates. Source data are
provided as a Source data file. n.s., not significant difference. LW/BW, liver

weight/body weight. TG, Triglyceride. TC, Total cholesterol.
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Supplementary Figure 8. Hepatocyte-specific ACAA2 overexpression by ACAA2-
AAVS8 virus injection. (a) A simple schematic diagram of liver-specific ACAA2
overexpression by injection of ACAA2-AAVS virus to mice. The diagram was created
using BioRender. (b) Western blotting of ACAA2 in NC-AAVS8 and ACAA2-AAVS
mice (n=3). p values obtained via two-tailed unpaired Student’s ¢ tests Student’s #-test.
The data were shown as means + SD of independent biological replicates. Source data

are provided as a Source data file.
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Supplementary Figure 9. The levels of testosterone and AR in cKO mice. () mRNA
level of AR of WT and cKO mice (n=6). (b) Plasma testosterone levels of WT and cKO
mice (n=6). (¢) AR knockdown efficiency by Western blotting in AML12 cell (n=3). p
values obtained via two-tailed unpaired Student’s ¢ tests, one-way ANOVA with Tukey's
multiple comparisons test. The data were shown as means = SD of independent

biological replicates. Source data are provided as a Source data file.



Supplementary Table 1. Binding sites of AR to the promoter region of CANDI predicted

by JASPAR.
Model Model predicted site
Score  Relative score  Start End  Strand
ID name sequence
MAOQO007 0.7241564764603 aaaaaggggctgttc
Ar  -0.609 1797 1813 -1
3 45 tc
MAOQO007 0.7213569710584 gagaaagcactcta
Ar  -0.858 2300 2316 1
3 05 ctg
MAO0007 0.7497905018275 cagaaaactttgtaa
Ar 1.671 2353 2369 -1
3 07 ct
MAOQO007 0.7483738846361 agttacaaagttttct
Ar 1.545 2353 2369 1
3 63 g
MAOQO007 0.7207835783857 tggcaccctatgcac
Ar  -0.909 2456 2472 1

.3 19 ac




Supplementary Table 2. Clinical character of participants with normal and

NAFLD patients.

Normal NAFLD P value
Sex Male Male
Age (years) 39.6 £11.89 38 £9.81 NS
BMI (kg/m?) 23.98 +1.44 27.7+2.03 0.0033
ALT (U/L) 32+10.95 106.42 +33.49 0.0003
AST (U/L) 24.5+5.68 81.85+18.51 <0.0001
TC (mmol/L) 4.86 + 0.66 1.93+0.41 <0.0001
TG (mmol/L) 1.03+0.21 0.97 +0.27 NS
Glucose (mmol/L) 4.61 +£0.51 8.15+0.89 <0.0001

Clinical and biochemical characteristics of NAFLD and Normal. Data are expressed
as mean = SD. Differences were analyzed by two-tailed unpaired Student’s ¢ tests.
BMI: body mass index; ALT: alanine transaminase; AST: aspartate transaminase; TC:

total cholesterol; TG: triglyceride.



Supplementary Table 3. Sequences of Primers used for qRT-PCR.

Company Primers Sequences
Seven Biotech CANDI Forward primer: 5’-GACCGTCTCTCCTGCACTAA-3’
(human) Reverse primer: 5’-TGGGAACCTGACTCTGAAGC-3’
Seven Biotech CANDI Forward primer: 5’-GCGACAAGGACTTCAGGTTC-3’
(mouse) Reverse primer: 5°-GCCAAGGCATTTGACAGCTA-3’
Seven Biotech GAPDH Forward primer: 5’-CATGTTCGTCATGGGTGTGAA-3’
(human)

Seven Biotech

Seven Biotech

Seven Biotech

Seven Biotech

Seven Biotech

Seven Biotech

Seven Biotech

TNF-a (mouse)

IL-6 (mouse)

IL-1pB (mouse)

ICAM-1

(mouse)

TLR4 (mouse)

AR (human)

AR (mouse)

Reverse primer: 5’-GGCATGGACTGTGGTCATGAG-3’

Forward primer: 5’-CTGAACTTCGGGGTGATCGG-3’

Reverse primer: 5’-GGCTTGTCACTCGAATTTTGAGA-3’

Forward primer: 5’-CTGCAAGAGACTTCCATCCAG-3’

Reverse primer: 5’~-AGTGGTATAGACAGGTCTGTTGG-3’

Forward primer: 5°-GAAATGCCACCTTTTGACAGTG-3’

Reverse primer: 5’-TGGATGCTCTCATCAGGACAG-3’

Forward primer: 5’-TGCCTCTGAAGCTCGGATATAC-3’

Reverse primer: 5’-TCTGTCGAACTCCTCAGTCAC-3’

Forward primer: 5’-ATGGCATGGCTTACACCACC-3’

Reverse primer:5’-GAGGCCAATTTTGTCTCCACA-3’

Forward primer: 5>-CCAGGGACCATGTTTTGCC-3’

Reverse primer:5’-CGAAGACGACAAGATGGACAA-3’

Forward primer: 5’-TCCAAGACCTATCGAGGAGCG-3’

Reverse primer:5’-GTGGGCTTGAGGAGAACCAT-3’




Seven Biotech Forward primer: 5’-GGCTGTATTCCCCTCCATCG-3’
B-actin (mouse)

Reverse primer: 5’-CCAGTTGGTAACAATGCCATGT-3’




Supplementary Table 4. Antibodies used for Western bolt.

Antibodies Dilution ratio Company Lot Clone no.
CAND1 WB 1:1000 Abcam Abl181216 EPR14242
FBX042 (IP) 10pg/ml Santa Cruz Sc-100737 Monoclonal
B-actin WB 1:1000 Cell Signaling #4970 13E5
ACAA2 (IP) 10pg/ml Santa Cruz Sc-100847 Monoclonal
FBXO042 WB 1:1000 Abclonal A14898 Polyclonal
Cullinl WB 1:1000 Proteintech 12895-1-AP Polyclonal
Cullinl (IP) 10pg/ml Proteintech 12895-1-AP Polyclonal
ACAA2 WB 1:1000 Abclonal A15778 A15778
Ubiquitin WB 1:1000 Santa Cruz Sc-8017 Monoclonal




