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Abstract: Previous findings supported that fetuin B, a new hepatokine, may be involved in the development of he-
patic steatosis, but the mechanism is still unknown. This study aims to investigate the role of fetuin B in hepatic
steatosis in C57BL/6 mice and HepG2 cells. 1) We found that the administration of recombinant fetuin B aggra-
vated hepatic lipid accumulation caused by free fatty acids (FFAs) or high fat diet, in vivo and in vitro. It lowered the
phosphorylated AMPK levels and activated the LXR-SREBP1c pathway, accompanied by the downregulation of fatty
acid oxidation and upregulation of lipogenesis. Furthermore, in HepG2 cells exposed to recombinant fetuin B and
FFAs, the AMPK agonist depressed the LXR-SREBP1c pathway and alleviated lipid accumulation. The knockdown of
LXR protected against steatosis but failed to change phosphorylated AMPK. 2) The knockdown of fetuin B by siRNA
or shRNA alleviated lipid accumulation, in vivo and in vitro. It enhanced phosphorylated AMPK and depressed the
LXR-SREBP1c pathway, accompanied by upregulation of fatty acid oxidation and downregulation of lipogenesis.
Moreover, in HepG2 cells exposed to fetuin B siRNA and FFAs, LXR agonist aggravated lipid accumulation but failed
to influence AMPK. This study indicated that fetuin B aggravated LXR-mediated hepatic steatosis through AMPK. It
might offer new insights into clinical management and biomarker research on fatty liver.

Keywords: AMP-activated protein kinase (AMPK), fetuin B, hepatic steatosis, liver X receptor (LXR), Non-alcoholic
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is
becoming a leading cause of chronic liver dis-
ease and a major public health concern [1-3].
The disease affects approximately 25% of the
world’s population [4, 5]. Despite recent prog-
ress in the field of NAFLD, the pathogenesis of
steatosis and advancement to steatohepatitis
is not yet understood [6].

A series of novel hormones, including adipo-
kines, hepatokines and others, have been rec-
ognized to be involved in hepatic steatosis [7].
Fetuin is an endogenous inhibitor of the insulin
receptor tyrosine kinase [8]. Fetuin B shares
22% homology with fetuin A, which has been
found to cause insulin resistance by inducing
inflammatory signaling [9-11]. Meex et al. [12]
reported that fetuin B was a hepatokine, and its
concentrations increased in obese individuals
with T2D and NAFLD compared to NAFLD- and

diabetes-free obese controls. They found that
plasma fetuin B was associated positively with
insulin resistance in rodents and that the effect
of fetuin B on insulin function was dose- and
time-dependent. The knockdown of fetuin B
improved glucose tolerance.

AMP-activated protein kinase (AMPK) is a wide-
ly accepted sensor of energy status and is com-
posed of heterotrimeric complexes that include
catalytic o subunits and regulatory B and y sub-
units. In terms of its downstream target, AMPK
phosphorylates and inhibits acetyl-CoA carbox-
ylase (ACC) and diminishes its synthesis at the
level of transcription [13]. Recent advances
have revealed that dysfunction of hepatic AMPK
is associated with an essential mechanism for
hepatic lipid accumulation and hyperlipidemia
[14, 15].

The imbalance between lipid deposition and
elimination leads to lipid accumulation in liver.
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De novo lipogenesis is the essential proce-
dure for FFA synthesis and is associated with
obesity and type 2 diabetes [16]. It is also con-
trolled by several nuclear receptors and tran-
scription factors, e.g., liver X receptor (LXR)
[17]. It has been shown that LXR together with
sterol regulatory element binding transcription
factor 1 (SREBP1c) belongs to a network of
nutrient sensors that are associated with the
regulation of fatty acid synthesis and TG accu-
mulation [18, 19]. Furthermore, LXR, especially
LXRa, has been regarded as the upstream tar-
get of lipogenesis proteins, e.g., fatty acid syn-
thase (FAS), ACC and stearoyl-CoA desatu-
rase-1 (SCD1) [20-22]. Recent evidence shows
that the LXR-SREBP1c axis plays an important
role in promoting de novo lipogenesis in
response to a high fat diet. Previous studies
have shown that polyphenols and hormones
were involved in LXR-mediated steatosis
through AMPK in human and mouse hepato-
cytes [23, 24].

In this study, we tried to confirm the role of
fetuin B in hepatic steatosis and its association
with hepatic de novo lipogenesis and fatty acid
oxidation in vivo and in vitro. Moreover, as key
metabolic regulators, AMPK and LXR signaling
were studied for their roles in the effects of
fetuin B in NAFLD.

Materials and methods
Reagents

Rabbit monoclonal phospho-Thrt2, AMPKa
(4188) and AMPKa (2603) antibodies were pur-
chased from Cell Signaling Technology (Beverly,
MA). Rabbit monoclonal GAPDH (ab128915),
fetuin B (ab191569), Tubulin (ab7291) and
LXRa (ab24362) antibodies were purchased
from Abcam Inc. (Cambridge, MA). Rabbit poly-
clonal phospho-Ser® ACC (3661), ACC (3662),
and SREBP1c (ab28481) antibodies were pur-
chased from Abcam Inc. (Cambridge, MA). Anti-
rabbit 1gG, HRP-linked Antibody (7074) and
Anti-mouse IgG, HRP-linked Antibody (7076)
were purchased from Cell Signaling Technology
(Beverly, MA). Dulbecco’s modified Eagle’s
medium (DMEM), fetal bovine serum, and anti-
biotics were obtained from Gibco (Shanghai,
China). Oleate (07501) and palmitate (P9767)
were provided from Sigma-Aldrich Co. (St.
Louis, MO). AICAR (S1802) and GW3965 (S26-

1499

30) were purchased from Selleck Chemicals
(Houston, TX).

ELISA Kits

Blood samples from mice were taken for mea-
surement of serum fetuin B levels using an
enzyme-linked immunosorbent assay (Cata-
logue No. CSB-ELO08598MO; CUSABIO Corp.,
Wuhan, China). The intra- and interassay varia-
tions were 9.3% and 10.6%, respectively.

HepG2 cell culture supernatants were taken for
the measurement of fetuin B levels using an
enzyme-linked immunosorbent assay (Cata-
logue No. SEB860Hu; Cloud-Clone Corp., Hou-
ston, TX, USA). The intra- and interassay varia-
tions were 5.6% and 7.7%, respectively.

Western blot analysis

Proteins were extracted using RIPA buffer
(Applygen Technologies Inc., Beijing, China)
with added protein and phosphatase inhibitor
(Sigma), separated by SDS-PAGE, and electro-
phoretically transferred to PVDF membranes
(Millipore). After blocking with 5% skim milk in
TBST, the membranes were probed with prima-
ry and secondary antibodies. Chemilumines-
cence was visualized using an ECL kit (Lianke,
Hangzhou, China).

Real-time quantitative PCR

Total RNA was extracted using Trizol reagent
according to the manufacturer’s instructions
(Takara). Then, RNA was reverse-transcribed to
cDNA using a TagMan Reverse Transcription
Reagent Kit (Takara) and further analyzed with
a real-time quantitative PCR system to evalua-
te relative mRNA levels. GAPDH and B-actin
served as controls. Primer sequences are indi-

cated in the Supplementary Table 1.

Cell culture and treatment

The human hepatocellular carcinoma cell line
(HepG2 cells) was from the Chinese Academy
of Sciences (Shanghai, China) and cultured in
DMEM supplemented with 10% FBS, 100 U/mL
penicillin, and 100 pg/mL streptomycin at 37°C
in 5% CO,. To establish a cellular model of
hepatic steatosis, HepG2 cells were exposed to
a mixture of free fatty acids (FFA), including ole-
ate and palmitate at a final ratio of 2:1 and a
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Figure 1. Expression of fetuin B in HepG2 cells and mice. The levels of fetuin B mRNA and protein in HepG2 cells
and cell culture supernatants increased with FFAs compared with controls. The levels of fetuin B mRNA and protein
in mice increased in the HFD group compared with the SCD group. A: The mRNA levels: Control vs. FFAs (P < 0.001);
B: The protein expression of fetuin B in HepG2 cells; C: The protein levels in the culture supernatants of HepG2 cells
(P < 0.001); (HepG2 experiment) Results are the mean + SD of three independent experiments, each repeated in
triplicate. D: The hepatic mMRNA level: SCD vs. HFD (P < 0.001); E: The hepatic protein expression; F: The serum
levels (SCD vs. HFD, P = 0.010); (Mouse experiment) Results are the mean + SD of three independent experiments

(n =6, each group).

final concentration of 1 mM for 24 hours [25].
The medium was further diluted to contain
150 uM recombinant fetuin B protein for 24
h of culture (RPB860HuUO01, Cloud-Clone Corp.,
Houston, TX) according to a previous study
[12].

Small interfering RNA transfection (siRNA)

siRNAs were synthesized by Qiagen. HepG2
cells were transfected with fetuin B siRNA, LXR
siRNA or scramble siRNA as the negative con-
trol (NC) using Lipofectamine 2000 (Invitrogen,
Shanghai, China). The siRNA sense sequence
of fetuin B was 5-TGACTCAGATGTGCTGGC-
AGTTGCA-3'. The siRNA sense sequence of LXR
was 5-CCACGGGUACUUCUGUCAGCUGAUU-3'.
The efficacy of knockdown was determined by
real-time PCR and western blot.

Triglyceride assay

Intracellular (HepG2) and intrahepatic (mice)
triglycerides (TGs) were measured using a TG
assay kit (E1013; Applygen Technologies Inc.,
Beijing, China) according to the manufacturer’s
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instructions and a previous study [25]. For the
measurement of intracellular TG, first, cells
were scraped from 6-well culture plates and
washed with PBS twice. Then, 100 ul of cell
lysis buffer was added and incubated at 70°C
for 10 min. Afterwards, the sample was centri-
fuged at 2000 rpm for 5 min, and the superna-
tant was collected and lastly evaluated with the
BCA method.

Animal procedures

Eight- to ten-week-old female, specific patho-
gen-free C57BL/6 mice were provided by and
maintained at the Experimental Animal Center
of Zhejiang Province (Hangzhou, China) with ad
libitum access to food and water. Mice were
randomly divided into six groups of six, includ-
ing (1) feeding a standard chow diet (SCD) vs. a
high fat diet (HFD), (2) HFD vs. HFD + Re-
combinant fetuin B protein, and (3) HFD vs. HFD
+ short hairpin RNA (shRNA) fetuin B. The HFD
(D12492; Research Diets, New Brunswick, NJ)
contains 60% of kcal from fat, 20% from carbo-
hydrates and 20% from protein. Food intake
was measured every day for 8 weeks. All mice
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Figure 2. Recombinant fetuin B aggravated hepatic lipid accumulation in HepG2 cells. Hepatocellular lipid accumu-
lation and AMPK-/LXR-pathways were evaluated after the administration of recombinant fetuin B in HepG2 cells
exposed to FFAs. A: Oil Red O staining: FFA vs. FFA + Rec FetB (200 x and 400 x); B: Intercellular TG content (FFA
vs. FFA + Rec FetB, P = 0.001); C: The expression of key proteins in the AMPK and LXR pathways; D: The mRNA
levels of lipid metabolic enzymes; Rec FetB, Recombinant fetuin B. Results are the mean £ SD of three independent

experiments, each repeated in triplicate.

were housed in an air-conditioned (tempera-
ture 24 + 2°C and humidity 50 + 10%) and
light-controlled (12 h light-12 h dark cycle,
lights on from 08:00 to 20:00) animal room.
Mice were anesthetized and killed after the
experiment. Liver tissue was collected for fur-
ther analyses. All animal studies were approved
by the Animal Care and Use Committee of
Zhejiang University in accordance with the
Chinese guidelines for the care and use of labo-
ratory animals. Mice were randomized into two
groups (n = 6) with recombinant fetuin B pro-
tein delivered at a dose rate of O (vehicle) or 0.5
pg/g body mass per day according to a previ-
ous study [12]. Vehicle (20 mM Tris-HCL,
Invitrogen, Carlsbad, CA) or recombinant mouse
fetuin B (RPB860MuO, Cloud-Clone Corp.,
Houston, TX) was infused using s.c. implanted
osmotic pumps (Alzet #1002, Durect Corp., CA)
for the 10-day duration.
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Lentivirus target screening for RNAI

An RNAI target sequence was created within
the mouse fetuin B gene along with a shRNA
with the sequence shRNA-fetuin B, 5-GG-
GCTGCAATGACTCAGATGT-3'. The fetuin B RNAI
sequence was inserted into a pShuttle vector
and co-transduced into 293T cells to produce
the lentivirus. Mice were injected via the tail
vein with 100 pL of lentivirus expression shR-
NA-fetuin B or the negative control on the 4%
week before further experiment.

Histological analysis

The liver samples were fixed in 10% neutral for-
malin, embedded in paraffin, sectioned and
then stained with hematoxylin and eosin (H&E)
for histological examination. To determine he-
patic fat accumulation, frozen liver sections (8
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Fetuin B aggravates LXR-mediated hepatic steatosis through AMPK

A B FFA+Rec FFA+Rec+siLXR

) reome R R e
£« S — AMPK
gg_g 300 —“““- p-ACC
B
§§ fzo — — —— 1CC

e LXR
G 9 * b SR S S SREBP1c

RecFetB - + +
C 8 P<0.001
°< 6+ P<0.001
<
z e S P=0.002
58 —
g
5L o] P-oom P=0221 i Ill
[o3<] i |
cz

= Jmm Onm ) I‘I,i n‘i_

MLYCD CPT1a FAS SCD1 ACC
3 FFA 1 FFA+Rec I FFA+Rect+siLXR
D E FFA+Rec FFA+Rec+AICAR
P<0.001

- 4 — — — S S p-AMPK
35 AMPK

°
':ég; 2 p-ACC
g' 1 ACC
k3

LXR

FFA + + +

Rec - + +

* " SREBP1c
AICAR - - +

DGR SEEPE c.-oH

F P<0.001
_ 5 P<0.001
Y= : —
85 4
85 P=0008
%Q ad  P<0.001 g i
2 .
S8 2 —
3
2 1nall 0
: ol 0
0 1 T r T
MLYCD CPTia FAS SCD1 ACC
3 FFA =1 FFA+Rec B FFA+Rec+AICAR

Figure 3. LXR is a downstream target of AMPK. To clarify the relation between
AMPK and LXR, pretreatment with LXR siRNA was applied in HepG2 cells
exposed to FFA + recombinant fetuin B. Pretreatment with AMPK agonist
(AICAR, 1 mM) was applied to HepG2 cells exposed to FFA + recombinant
fetuin B. A: Intercellular TG content: FFA + Rec vs. FFA + Rec + siLXR (P =
0.003); B: The expression of key proteins in the AMPK and LXR pathways; C:
The mRNA levels of lipid metabolic enzymes; D: Intercellular TG content: FFA
+ Rec FetB vs. FFA + Rec FetB + AICAR (P < 0.001); E: The expression of key
proteins in the AMPK AND LXR pathways; F: The mRNA levels of lipid meta-
bolic enzymes; Rec, Recombinant fetuin B; siLXR, siRNA LXR. Results are the
mean * SD of three independent experiments, each repeated in triplicate.

pum) were stained with freshly
diluted Oil Red O solution
for 10 min, washed, and coun-
terstained with hematoxylin
for 5 min. Cells in 6-well plat-
es were washed twice with
PBS, fixed with 10% neutral
formalin for 15 min, wash-
ed and stained with freshly
diluted Oil Red O solution for
10 min, followed by another
two washes with PBS and
stained with hematoxylin for 5
min. Representative photomi-
crographs were captured at
400 x magnification using a
microscope (BX53F, Olympus,
Japan).

Statistical analyses

Statistical analyses were per-
formed using SPSS 21.0 for
Windows (SPSS, Chicago, IL).
The results are expressed as
means + standard deviations.
The significance of the differ-
ence in means was deter-
mined by a two-tailed Stu-
dent’'s t test and one-way
ANOVA. A p value < 0.05 (two-
tailed) was considered statis-
tically significant.

Results

Expression of fetuin B in
HepG2 cells and mice

The mRNA level of fetuin B
increased in human HepG2
cells exposed to FFAs com-
pared with controls (Figure
1A). The protein levels of
fetuin B in HepG2 cells and
cell culture supernatants also
increased with FFAs (Figure
1B and 1C). The mRNA level
of hepatic fetuin B increased
in mice exposed to a HFD
compared with a SCD (Figure
1D). The protein levels in
hepatocytes and serum also
increased with the HFD
(Figure 1E and 1F).
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Figure 4. Fetuin B knockdown attenuated hepatic lipid accumulation in HepG2 cells. Hepatocellular lipid accumula-
tion and the AMPK-/LXR-pathways were evaluated after fetuin B knockdown in HepG2 cells exposed to FFAs. A: Oil
Red O staining: FFA vs. FFA + siFetB (200 x and 400 x); B: Intercellular TG content (P = 0.004); C: The expression of
key proteins in the AMPK and LXR pathways; D: The mRNA levels of lipid metabolic enzymes; siFetB, siRNA fetuin B.
Results are the mean + SD of three independent experiments, each repeated in triplicate.

Recombinant fetuin B aggravated lipid accu-
mulation in HepG2 cells

As shown in Figure 2A, Oil Red O staining
showed that the lipid droplets caused by FFAs
were aggravated in HepG2 cells treated with
recombinant fetuin B. The intercellular TG con-
tent was markedly increased in the FFA + Rec
FetB group compared with FFAs alone (Figure
2B, P =0.001).

To identify the possible pathway through which
fetuin B aggravates hepatocellular lipid accu-
mulation, the protein expression of the AMPK
and LXR pathways was evaluated. As revealed
in Figure 2C, the administration of recombinant
fetuin B decreased phosphorylated AMPK and
ACC and upregulated LXR and SREBPic.
Furthermore, it led to an upregulation of mMRNA
levels of lipogenesis-related enzymes (FAS,
SCD1 and ACC) and a downregulation of fatty

1503

acid oxidation enzymes (Malonyl-CoA decar-
boxylase, i.e., MLYCD and Carnitine palmitoyl-
transferase 1q, i.e., CPT1x), as shown in Figure
2D.

LXR is a downstream target of AMPK

To clarify the relation between AMPK and LXR,
pretreatment of LXR siRNA was applied before
the administration of recombinant fetuin B in
HepG2 cells exposed to FFAs. First, the inter-
cellular TG content decreased in the FFA + Rec
FetB + siLXR group compared with the FFA +
Rec FetB group (Figure 3A, P = 0.003).
Furthermore, LXR knockdown downregulated
SREBP1c in the FFA + Rec FetB group, but it
failed to influence phosphorylated AMPK and
ACC (Figure 3B). Lastly, LXR siRNA downregu-
lated mMRNA levels of lipogenesis-related
enzymes rather than fatty acid oxidation
enzymes (Figure 3C). Pretreatment with AMPK

Am J Transl Res 2019;11(3):1498-1509
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Figure 5. LXR is a downstream target of AMPK. To confirm that LXR is a down-
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LXR is a downstream target
of AMPK

To confirm that LXR is a down-
stream target of AMPK, pre-
treatment with an LXR ago-
nist, GW3965, was applied
before the administration of
Fetuin B siRNA to HepG2
cells exposed to FFAs. First,
the intercellular TG content
increased in the FFA + siFetB
+ GW3965 group compared
with the FFA + siFetB group
(Figure 5A, P = 0.005). Fur-
thermore, the LXR agonist
upregulated LXR and SR-
EBP1c but not phosphorylat-
ed AMPK and ACC (Figure
5B). Lastly, it upregulated
the mRNA levels of lipogene-
sis-related enzymes, but it
had no influence on fatty ac-
id oxidation enzymes (Figure
5C).

Fetuin B knockdown attenu-
ated hepatic lipogenesis in

agonist, AICAR, was also applied to confirm if
AMPK is the upstream target of LXR. AICAR
attenuated the TG content in HepG2 cells
exposed to FFAs and recombinant fetuin B
(Figure 3D, P < 0.001). Moreover, it upregulat-
ed phosphorylated AMPK and ACC and down-
regulated LXR and SREBPl1c (Figure 3E). It
decreased the mRNA levels of lipogenesis-
related enzymes and increased fatty acid oxi-
dation enzymes (Figure 3F).

Fetuin B knockdown attenuated hepatic lipid
accumulation in HepG2 cells

As shown in Figure 4A, lipid accumulation was
attenuated by fetuin B knockdown. The inter-
cellular TG content was markedly decreased in
the FFA + siFetB grouped compared with FFAs
alone (Figure 4B, P = 0.004).

As is revealed in Figure 4C, the administration
of fetuin B siRNA increased phosphorylated
AMPK and ACC and downregulated LXR and
SREBP1c. Moreover, it upregulated the mRNA
levels of MLYCD and CPT1a but downregulated
FAS, SCD1 and ACC, as shown in Figure 4D.

1504

HFD-fed mice

Mice fed eight weeks of a HFD had significantly
higher TG contents, whereas fetuin B knock-
down by shRNA significantly attenuated the
intrahepatic and serum TG contents. H&E and
Oil Red O staining showed that the increase in
lipid droplets caused by HFD was markedly
attenuated in mice with fetuin B knockdown, as
shown in Figure 6A-C. Fetuin B knockdown alle-
viated liver enzymes, serum alanine transami-
nase (ALT) and aspartate transaminase (AST)
(Figure 6D).

As shown in Figure 6E, the hepatic expression
of LXR and SREBPI1c significantly decreased
after fetuin B knockdown, while phosphorylat-
ed AMPK and ACC increased. Furthermore,
fetuin knockdown downregulated the mRNA
levels of lipogenesis enzymes (FAS and SCD1)
and upregulated fatty acid oxidation enzymes
(MLYCD and CPT1a) (Figure 6F).

Recombinant fetuin B aggravated hepatic
lipogenesis in HFD-fed mice

Recombinant fetuin B aggravated the intrahe-
patic TG content, lipid droplets, serum TG and

Am J Transl Res 2019;11(3):1498-1509
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serum liver enzymes, as shown in Figure 7A-D.
As shown in Figure 7E, recombinant fetuin B
enhanced hepatic expression of LXR and
SREBP1c and lowered the phosphorylation of
AMPK and ACC. Moreover, recombinant fetuin
B upregulated the mRNA levels of FAS, SCD1
and ACC, while it downregulated MLYCD and
CPT1x (Figure 7F).
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Discussion

The present study shows that fetuin B, a new
hepatokine, aggravates hepatic lipid accumula-
tion. Mechanistically, it decreases the phos-
phorylated AMPK that depresses fatty acid oxi-
dation and then activates LXR-SREBP1c, which
upregulates lipogenesis. The results suggest

Am J Transl Res 2019;11(3):1498-1509
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Figure 7. Recombinant fetuin B aggravated hepatic lipogenesis in HFD-fed mice. Hepatic lipid accumulation and the
AMPK-/LXR-pathways were evaluated after the administration of recombinant fetuin B in mice exposed to a HFD. A:
H&E staining and Oil Red O staining: HFD vs. HFD + Rec (400 x); B: Intrahepatic TG content (P = 0.026); C: Serum
TG (P = 0.011); D: Liver enzymes; E: Key protein expression of the AMPK and LXR pathways in mouse liver; F: The
mMRNA levels of lipid metabolic enzymes; ALT, alanine transaminase; AST, aspartate transaminase; Rec, Recombi-
nant fetuin B. Results are the mean + SD of three independent experiments (n = 6, each group).

that AMPK-dependent LXR activation repre-
sents a mechanism for the aggravated effects
of fetuin B on hepatocyte lipid metabolism.

A hospital-based case-control study by Zhu et
al. [26] indicated that serum levels of fetuin B
increased in subjects with NAFLD. Wang et al.
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[27] performed a large cross-sectional study
that found that the intrahepatic TG content was
independently and positively correlated with
serum fetuin B levels using magnetic reso-
nance spectroscopy. Li et al. [28] investigated
the association of genetic variants with FETUB
and insulin resistance in 1,148 obese adults.
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They found that higher serum fetuin-B levels
were correlated with increased homeostasis
model assessment of insulin resistance, al-
though the results did not support the associa-
tion between fetuin B and insulin resistan-
ce. The previous findings supported that fetuin
B might be involved in the development of
hepatic steatosis, but the mechanism is still
unknown.

In our study, the results reveal that the adminis-
tration of recombinant fetuin B lowered the
phosphorylated AMPK that is associated with
lipid oxidation in HepG2 cells, while it activated
the LXR-SREBP1c pathway that is closely relat-
ed to lipogenesis. Furthermore, LXR knock-
down decreased SREBP1c, rather than AMPK,
and then protected against lipid accumula-
tion. The administration of AMPK agonist upreg-
ulated phosphorylated AMPK and depressed
LXR/SREBP1c-dependent lipogenesis, which
resulted in the alleviation of hepatic lipid
accumulation.

Fetuin B knockdown activated the phosphoryla-
tion of AMPK and then depressed the LXR-
SREBP1c pathway. Moreover, LXR agonist
increased the activities of the LXR-SREBP1c
pathway, rather than AMPK, and then wors-
ened the lipid accumulation protected by fetuin
B knockdown. Thus, fetuin B-triggered depres-
sion of AMPK (downstream: lipid oxidation
enzymes, i.e., MLYCD and CPTl1a)-modulated
hepatic LXR-SREBP1c activity (downstream:
lipogenesis enzymes, i.e., FAS, SCD1 and ACC),
which supports that AMPK functions as an
upstream regulator of LXR signaling in the
effect of fetuin B.

The mechanism based on cellular experiments
was consistent with the observations in mi-
ce. In vivo, the administration of recombi-
nant fetuin B lowered phosphorylated AMPK
and its downstream lipid oxidation and then
activated LXR-SREBP1c and lipogenesis, whi-
ch led to the aggravation of hepatic lipid ac-
cumulation. On the contrary, hepatic knock-
down of fetuin B activated the AMPK pathway
and then depressed LXR-SREBP1c-dependent
lipogenesis.

Our study has some limitations. It failed to
investigate the way that fetuin B affects hepa-
tocytes, either through autocrine or paracrine
effects. Further studies should be performed to
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clarify the membrane receptors involved. The
experiment involving AMPK knockdown and
inhibition could be beneficial for identifying the
role of AMPK in the pathway.

In conclusion, this study shows that fetuin B
aggravated LXR-mediated hepatic steatosis
through AMPK. Our findings may potentially
have a translational impact on the diagnosis
and treatment of NAFLD in humans.
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Supplementary Table 1. Primer sequences in real-
time quantitative PCR

PCR (Human)

CPT1a: sense 5-TCCAGTTGGCTTATCGTGGTG-3’
CPT1a: anti-sense  5’-TCCAGAGTCCGATTGATTTTTGC-3’
MLYCD: sense 5’-ACGTCCGGGAAATGAATGGG-3’
MLYCD: anti-sense 5’-GTAACCCGTTCTAGGTTCAGGA-3’
FAS: sense 5’-AAGGACCTGTCTAGGTTTGATGC-3’
FAS: anti-sense 5-TGGCTTCATAGGTGACTTCCA-3’
ACC: sense 5-CATGCGGTCTATCCGTAGGTG-3’
ACC: anti-sense 5-GTGTGACCATGACAACGAATCT-3’
SCD1: sense 5’-TCTAGCTCCTATACCACCACCA-3’

SCD1: anti-sense  5-TCGTCTCCAACTTATCTCCTCC-3’
GAPDH: sense 5’-TCAACGACCACTTTGTCAAGCTCA-3’
GAPDH: anti-sense 5’-GCTGGTGGTCCAGGGGTCTTACT-3’
PCR (Mouse)
CPT1a: sense 5-TGGCATCATCACTGGTGTGTT-3’
CPT1a: anti-sense  5-GTCTAGGGTCCGATTGATCTTTG-3’
MLYCD: sense 5-GCACGTCCGGGAAATGAAC-3’
MLYCD: anti-sense 5’-GCCTCACACTCGCTGATCTT-3’

FAS: sense 5-GGAGGTGGTGATAGCCGGTAT-3’
FAS: anti-sense 5’-TGGGTAATCCATAGAGCCCAG-3’
ACC: sense 5’-CTCCCGATTCATAATTGGGTCTG-3’
ACC: anti-sense 5-TCGACCTTGTTTTACTAGGTGC-3’
SCD1: sense 5-TTCTTGCGATACACTCTGGTGC-3’
SCD1: anti-sense  5-CGGGATTGAATGTTCTTGTCGT-3’
B-actin: sense 5’-CCAGTTGGTAACAATGCCATGT-3’

B-actin: anti-sense  5-CCAGTTGGTAACAATGCCATGT-3’




