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Background and Purpose: Transcriptional coactivator B-cell lymphoma-3 (BCL3) is
a member of the kB family of NF-xB inhibitors and regulates the activity of the NF-xB
pathway. However, the relationship between BCL3 and lipid metabolism remains unclear.
The present study investigates the effects of BCL3 in immune and metabolism in obese mice.
Animals and Methods: Construct Bc/3-KO mice through CRISPR/Cas9 technology.
Obesity model was induced in Bc/3-KO mice by feeding a high-fat diet for 16 weeks, and
some metabolic-related indicators were analysed.

Results: The results showed that the KO mice gained significantly less body weight on
a high fat diet without a change in food intake. There was significant improvement in hepatic
steatosis and adipose tissue hypertrophy in KO mice. The expression of SREBP1 and its
downstream fatty acid synthetase FAS and ACC were down-regulated in KO mice, and the
inflammation in adipose tissue and liver was further reduced.

Conclusion: These results suggest that BCL3 may be a novel factor in regulating lipid
metabolism in the development of obesity.
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Introduction
Obesity is associated with insulin resistance, atherosclerosis, hypertension, hyperli-
pidemia, fatty liver and other diseases.'* Adipose tissue dysfunction is an indica-
tion of obesity. Failure to properly store excess energy can lead to ectopic lipid
deposition in other metabolically sensitive organs such as liver tissue, leading to
liver steatosis and insulin resistance. In the process of obesity, inflammatory cells
are constantly infiltrating into the swollen adipose tissue and release various
inflammatory factors, so that keeps the body in a systemic state of chronic low-
grade inflammation.® In addition, excessive expansion of adipose tissue will aggra-
vate impaired glucose tolerance and release various factors, such as adiponectin and
leptin, which are related to the inflammatory process.* Adipokines not only play
a role in adipose tissue but also affect distant organs and tissues, resulting in
changes in systemic metabolism.>°

All people with obesity are most at risk of developing fatty liver disease. Liver
is an important organ for the synthesis of triglycerides (TG). Therefore, accelerating
lipid consumption and inhibiting lipid synthesis are considered as effective solu-
tions to reduce lipid accumulation in the liver.”® Triglyceride synthesis in the liver
is regulated by the transcriptional regulation of sterol regulatory element-binding
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protein 1(SREBP1), a major regulator of fatty acid synthe-
tase (FAS).” In previous studies, the activity of SREBP1/
FAS pathway was significantly increased in mice with
non-alcoholic fatty liver disease, leading to rapid progres-
sion of hepatic steatosis.'” Inhibition of SREBPI expres-
sion can make obese mice induced by high fat diet show
an anti-hepatic steatosis effect.'!

BCL3 plays an important role in the regulation of
immunity and inflammation. BCL3 has been classified as
a member of the IkB family due to the presence of anchorin
repeats. However, the role of BCL3 on the NF-xB pathway
has been controversial. It exerts pro-inflammatory and anti-
inflammatory functions by combining with different
subunits.'> We overexpressed or knocked out BCL3 and
found that it plays a negative regulatory role of NF-xB in
HTLV-1 (human T-cell leukemia virus type 1) infected
cells."*'* However, in other studies, BCL3 appears to
block the degradation of P50 and thus reduce inflammation
in tissues of patients with acute pancreatitis or cholangitis.'
Inflammation can regulate energy metabolism under phy-
siological and pathological conditions.>'® We found that
BCL3 mRNA levels were highly expressed in the adipose
tissues of obese mice; thus, we hypothesized that BCL3
might have an effect on lipid metabolism. We established
BCL3 knockout mice using CRISPR/Cas9 technology.
After 16 weeks of high-fat diet, the size of adipose tissue
in BCL3 knockout obese mice changed dramatically.
However, the effect of BCL3 on lipid metabolism has not
been reported. Therefore, it will be provided new insights
into the pathogenesis of obesity by studying the effect of
BCL3 on lipid metabolism.

Materials and Methods

Animals

A Bcl3 whole-body knockout mice (Bc/3-KO) was gifted
by Prof. Yingming Liang. C57BL/6 (WT) mice were pur-
chased from Charles River when it is 4 weeks of age. The
male mice were fed on normal diet (ND) to 8 weeks of
age, and then fed on high-fat diet (HFD Research Diet,
60% fat) or ND for 16 weeks with ad libitum access to
food to establish the obesity model. The body weight of
mice was measured regularly every week, and food intake
of Bcl3-KO and WT was measured at 5 weeks of the ND
or HFD. At the end of HFD feeding, tissue samples were
collected from the mice. Animals were bred in a humidity-
and temperature-controlled room (20°C-24°C and 30%-—
70%, respectively) with a 12-hour-light/12-hour-dark

cycle (lights on at 6:00 a.m.). Mice were housed with
littermates with a maximum of 5 mice/cage. All animal
procedures were approved by the Institutional Animal
Care and Use Committee (IACUC) of the Xinxiang
Medical University. The experiments were performed fol-
lowing the experimental and welfare guidelines, namely,
the Laboratory Animal (non-primate) Experiments

Guidelines issued by Xinxiang Medical University.

Histological Analysis

Liver and adipose tissue was treated with 4% formalde-
hyde and embedded in paraffin and sectioned for histolo-
gical analysis. The liver and adipose tissue were sliced into
Spm slices. All sections were stained with hematoxylin
and eosin (H&E) and at least 4 mice per group. Adipocyte
(n = 100 adipocytes) diameter was measured, and an
average diameter was recorded for each animal.

GTTs and ITTs

For glucose tolerance tests, animals were IP injected with
a glucose solution (2g/kg) after 12 hours of fasting, and
blood sample for glucose determination was collected
from the tail vein at 0, 15, 30, 60, 90, and 120 minutes
after dextrose injection. Glucose levels were measured
using ACCU-CHEK Active Model GB.

For insulin tolerance tests, 0.75U/kg of insulin was IP
injected after 6 hours of fasting, and blood sample for
glucose determination was collected from the tail vein at
0, 15, 30, 60, 90, and 120 minutes after insulin injection.
Glucose levels were measured using ACCU-CHEK Active
Model GB.

Western Blot Analysis

Cells and tissue were rinsed once with PBS and lysis was made
in ice-cold lysis buffer (250mM NaCl, 1% Triton, 25mM
Hepes pH 7.4) supplemented with protease and phosphatase
inhibitors. Nucleoprotein was extracted according to the man-
ufacturer’s instructions (Solarbio). Cell lysates or immunopre-
cipitates were separated by SDS-PAGE and transferred to
PVDF membranes. After blocking with 5% BSA, the mem-
brane was incubated with primary antibodies at 4°C overnight,
followed by incubation with the corresponding secondary anti-
bodies for 1 h at room temperature. The membranes were
washed three times for 10 min each. The following antibodies
were used: GAPDH (Abways, AB0037, 1:5000), SREBP1
(Santa Cruz, sc-365513, 1:1000), Lamin Bl (Proteintech,
66095-1-Ig, 1:10000), FAS (CST, 3180S, 1:1000), pACC
(CST, 118188, 1:1000), ACC (CST, 3676S, 1:1000), CPT1A
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(CST, 122528, 1:1000), ATGL (CST, 24398, 1:1000), pAKT
(CST, 40608, 1:1000), AKT (CST, 46918, 1:1000), Goat Anti-
Rabbit IgG (H+L) HRP (Abways, AB0101, 1:5000), Goat
Anti-Mouse 1gG (H+L) HRP (Abways, AB0102, 1:5000).
Arbitrary densitometry units were quantified by Imagel
analysis.

Cell Harvest and Culture

External ears were collected from Bcl3-KO and WT mice;
minced and digested with collagenase type I (200U/mL;
Worthington) and dispase II (0.9U/mL; Roche) in a shaking
water bath at 37°C for 2h. Dissociated cells were filtered
through a 70 pum cell strainer and centrifuged at 1000r for 5
min. Pelleted cells were resuspended for 1 min in red blood
cell lysing buffer (Solarbio) to remove erythrocyte contam-
ination and were centrifuged at 1000r for 5 min. The isolated
cells were plated in 100mm Petri dishes (P0) in Dulbecco’s
modified Eagle’s medium (DMEM; Corning) supplemented
with 1% antibiotic solution and 10% fetal bovine serum
(FBS; Gibco). Subconfluent primary cultures were detached
(0.25% trypsin, 2.21mM EDTA; Corning), replated in com-
plete medium, and subcultured a density of 5x10* cells/mL in
six-well culture plates.

In vitro Adipogenic Differentiation

The capacity of ear mesenchymal stem cells (EMSC) to
differentiate into the adipogenic lineage was verified up to
passage five (P=5). Cells were replated in six-well culture
plates at a density of 5x10* cells/mL and maintained in
a complete medium until confluent (considered day 0).
Thereafter, the cells were exposed to an adipogenic induc-
tion medium containing DMEM plus 10% FBS, 1% anti-
biotic solution supplement 0.5mM isobutylmethylxanthine,
1.7uM insulin, and 1pM dexamethasone for 4 days (adipo-
genic medium I). For the next 4 days, medium was changed
to DMEM supplemented with 10% FBS, 1% antibiotic
solution, 1.7 pM insulin (adipogenic medium II).

Oil Red O Staining

A stock solution of oil red O (0.15 g in 30mL of isopro-
panol) was prepared and filtered through a 0.2 pm filter.
A working solution was prepared by diluting 6mL of stock
solution in 4 mL of distilled water and filtered through
a 0.2 um filter before use. Differentiated cells were fixed
for 1 hour in 4% paraformaldehyde at room temperature
and later stained for lipid accumulation for 30minutes with
oil red O. Cells were washed three times with water and
observed under a phase-contrast microscope.

RNA Isolation and gPCR

Total RNA was extracted from the cells with Trizol reagent
(TAKARA, 9109). Briefly, 500ng of total RNA were
reverse transcribed using RT Master Mix (Takara). Real-
time quantitative PCR was carried out in an Applied
Biosystems 7500 System with SYBR Green supermix.
The relative mRNA level was expressed as fold change
relative to untreated controls after normalization to the
expression of GAPDH by the 2 **T method. The specific
primers used are shown in Supplemental Table 1 and were

synthesized by Sangon Biotech.

Triglyceride Assay

Liver tissues were homogenized in phosphate buffered sal-
ine (PBS; 1g:20mL) and the cell lysate was made with the
cell lysis buffer on ice. The lipids were extracted from the
liver tissue homogenization or cell lysate using a n-heptane/
isopropanol (1:1) mixture. Triglyceride was determined
using the Serum Triglyceride Determination Kit (BC0625,
Solarbio) according to the manufacturer’s instructions.

Analysis of Metabolic Parameters

Blood glucose levels were measured using the ACCU-
CHEK Active Model GB (Roche) via tail vein blood sam-
pling. Plasma nonesterified fatty acids (NEFA), triglycerides
(TG), total-cholesterol (TCH), and ALT concentration were
commissioned by Wuhan Seville Biotechnology Co., LTD.

Flow Cytometry

Organs including spleen, and Epididymis fat were collected to
obtain single-cell suspension following standard procedures,
as described previously. Briefly, non-specific antibody-binding
sites were blocked by incubation with anti-CD16/32 (BD
Biosciences) on ice prior to staining. Then, cells were stained
with fluorochrome-conjugated antibodies for CD45-APC-Cy7
(557659, BD Biosciences), CD11b-FITC (1:400, 553310, BD
Biosciences), F4/80-BV421 (1:400, 565411, BD Biosciences)
and CDI11c-PE-Cy7 (1:400, 25-01114-81, eBioscience) in
PBS containing 1% FBS in the dark at 4°C for 30min and
washed with PBS 3 times. For intracellular staining, Fixation/
Permeabilization kit (554714, BD Biosciences) was used to
stain CD206-APC (1:200, 141708, BioLegend). Macrophages
were identified by CD45", CD11B" and F4/80", M1 macro-
phages were gated by CD206 and CD11¢", M2 macrophages
were gated by CD206" and CD1lc . Flow cytometry was
performed on a BD FACS Canto™ flow cytometer. Flow
cytometry data were analyzed using FlowJoV10.
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Statistical Analysis

Cobhorts of five to eight animals per genotype per treatment
were assembled, and all in vivo studies were repeated two
to three independent times.

Differences between groups were examined for statis-
tical significance using an unpaired two-tailed Student’s
t test. All statistical tests were performed using GraphPad
Prism 6.0, and all data are represented as mean = SEM.
The exact values of n and statistical significance are
reported in the Figure Legends. Significant difference in
means is indicated thusly: *p < 0.05, **p < 0.01, and ***p
< 0.001. For all tests, P < 0.05 was defined as significant.

Results
Bcl3-KO Improved HFD-Induced Obesity

in Mice
To assess the potential role of BCL3 in metabolic disease, we
generated Bc/3-KO mice using the CRISPR/Cas9 system. We

Liver

measured BCL3 mRNA expression in liver and adipose tissue
to detect knockout efficiency (Figure 1A). Both WT and Bc/3-
KO mice were fed the ND or 60% HFD for 16 weeks, begin-
ning at 8 weeks of age. The mice were weighed regularly every
week, and their body weights were recorded. Both WT and
Bcl3-KO mice showed a similar age-dependent increase in
body weight on either diet (Figure 1B). Moreover, bodyweight
was a little decrease in ND WT versus Bc/3-KO mice but
bodyweight was significant decrease in HFD Bc/3-KO com-
pared with HFD WT mice. Differences were observed in
bodyweight (Figure 1D) and appearance (1C). At the same
time, in order to exclude the difference in body weight caused
by altered food intake, we measured the food intake of mice in
each group at the 5-8 weeks after the change of diet. Only
slightly higher differences were found in food intake in WT
versus Bc/3-KO mice on the HFD (Figure 1E). However, upon
the HFD challenge, Bc/3-KO mice displayed lower weight of
multiple adipose depots (Figure 1F) including epididymal
(EAT), mesenteric (MAT), perirenal (PAT), subcutaneous

A s B ¢
2 40 - WT
0 P —
gto- gso = KO
X =
s 2
4
€ o5 % ND HFD
3 2"
@ g0 0 —
S @ 0 2 4 6 8 10 12 14 16
time(weeks)
EAT 50 - WT
c 209wk =) = KO
o 154 = ND
a (]
e 1.0 ; 30
s 3 HFD
@
€ 0.5- <
9 ' 20+ T T T T T T T 1
o 2 4 6 8 10 12 14 16
0.0 time(weeks)
D E F
3 WT ND
60- 30- 4-
= WT . 3 KOND
m
m KO 34 B WT HFD
20- . v EE KOHFD

10+

g/mouse/week

bodyweight(g)
o 8 3
]* W]
%o
<

ND

HFD

Z
O
T
m
O

Figure | Altered lipid distribution in Bcl3-KO mice.

weight(g)
N

Notes: Male WTand Bcl3-KO mice were fed a ND or HFD for 16 weeks. (A) mRNA levels of BCL3 in Liver and EAT from WTand Bcl3-KO mice. (B) Development of body
weight of Bcl3-KO and WT mice. (C) Appearance of mice. (D) Body weight and (E) food intake were monitored. (F) Depot mass of subcutaneous, epididymis, mesentery,
perirenal WAT in WT and Bcl3-KO mice. Data in A-F represent means of n=5-8 mice/group +SEM. *p < 0.05, **p < 0.01, ***p < 0.001 for BcI3-KO versus WT mice.

https:

4918

Dove!

Journal of Inflammation Research 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

A WT KO B ND

e * 90 —
> -
£ 40 o
L 5 =
z % 5% g
= =

| £
gz 30 I
> | < z
S 10
g =
[

o
o

ND  HFD ND  HFD

Figure 2 Hepatic steatosis was decreased in Bcl3-KO mice.

Zhang et al
HFD C
3 ek
5 n il o WT
§,2 — m KO
‘©
H
o
>
2
0
ND HFD
- 2.0 207 ..
— r
- f—
% 1.5 E 15
E o g 10
X 05 2 s
w
0.0 0
—_— — ) )
ND  HFD & &

Notes: Murine liver tissues were retrieved after 16 weeks of ND or HFD feeding. (A) Liver image. (B) Microscope image of representative liver sections with H&E staining.
(C) Liver weight. (D) Triglyceride in liver tissue. (E) Plasma levels of ALT,(F) TCH, (G) FFA and (H) TG in WT and Bc/3-KO mice. Data in A-H represent means of n=5-8

mice/group *SEM. *p < 0.05, **p < 0.01, **p < 0.001 for Bcl3-KO versus WT mice.

(SAT) relative to WT littermates. This suggested that the
weight loss of mice after Bc/3 knockout was primarily due to
the loss of adipose tissue weight.

Hepatic Steatosis Was Decreased in
Bcl3-KO Mice

To explore the role of BCL3 in the control of hepatic steatosis,
Bcl3-KO mice were fed on HFD to establish the hepatic
steatosis model. Compared to WT mice, the Bc/3-KO mice
exhibited a reduced degree in hepatic steatosis at the end of 4
months on HFD, which was observed in the liver appearance
(Figure 2A), liver weight (Figure 2C) and liver triglyceride
content (Figure 2D). Further H&E staining of liver tissue
sections showed a significant change in the overall morphol-
ogy of the liver, indicating that the large droplet-like structures
in the liver of obese mice with Bc/3-KO were reduced com-
pared with that of WT mice (2B). The difference was observed
in the mice both in HFD and ND mice. HFD induced metabolic
alterations including total cholesterol (TCH) and alanine ami-
notransferase (ALT). Serum ALT, TCH, FFA, and TG levels
were significantly lower in HFD-fed Bc/3-KO mice compared
to HFD-fed WT mice (Figure 2E-H). The data suggest that
Bcl3-KO mice are resistant to the hepatic steatosis on HFD.

Bcl3 Deletion Protects Against

HFD-Induced Systemic Insulin Resistance
Obesity impairs glucose metabolism in the body. Insulin
regulates glucose metabolism in the liver by promoting

lipogenesis and glycogen synthesis, while repressing
glucose synthesis, gluconeogenesis and glycogenolysis.
In the present study, we assessed glucose homeostasis in
ND and HFD-fed Bc/3-KO and WT mice. No changes
in fasting glucose or insulin tolerance and glucose tol-
erance were found in the lean ND-fed mice between
genotypes (Figures 3A, C and E). On the other hand,
on the HFD, fasting glucose levels were lowered in
Bci3-KO mice (Figure 3E). Furthermore, HFD-fed Bc/3-
KO mice showed improved glucose tolerance and an
enhanced hypoglycemic response to injected insulin
compared to HFD-fed WT mice (Figure 3A and C).
We calculated the area under the curve in Figure 3A
and B to more directly reflect the differences in insulin
sensitivity and glucose tolerance of the two genotype
mice under different dietary conditions (Figure 3B and
D). The decreased serum total TG suggested that Bc/3-
KO mice had a protective effect on insulin resistance
induced by HFD. These improved values became com-
parable to the results in ND-fed mice. To measure
in vivo insulin action, we harvested adipose and liver
tissue. Consistent with the ITTs and GTTs, insulin-
stimulated Akt phosphorylation was significantly higher
in liver and adipose tissue of Bc/3-KO mice than WT
mice (Figure 3F and G). Taken together. These results
show that deletion of Bc/3 leads to a marked improve-
ment in systemic insulin resistance due to enhanced

adipose and liver insulin sensitivity.
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Figure 3 Improved glucose metabolism and insulin sensitivity in Bcl3-KO mice.

Notes: (A) Serial changes in glucose levels after intraperitoneal injection of insulin in WT and BcI3-KO mice and (B) area under the curve (AUC) at 16 weeks for ND and
HFD. (C) Serial changes in glucose levels after intraperitoneal injection of glucose in WT and BcI3-KO mice and (D) area under the curve (AUC) at 16 weeks for ND and
HFD. (E) Fasting blood glucose levels. (F) Western blot analysis of insulin-stimulated phospho-Akt $473 (pS473AKT) in EAT. (G) Insulin-stimulated pS473AKT in liver. Data
in A-E represent means of n=5 mice/group +SEM. *p < 0.05, **p < 0.01, ***p < 0.001 for BcI3-KO versus WT mice.

Bcl3 Deletion Improves Adipocyte
Hypertrophy Induced by HFD

In obesity, adipose tissue enlarges in order to store excess
energy, and this is mainly driven by adipocyte hypertrophy.
In appearance, the EAT of obese WT mice was significantly
more than that of obese Bc/3-KO mice (4A). We studied the
adipocyte architecture of HFD obese Bcl3-KO and WT
mice. Interestingly, adipocytes from Bc/3-KO mice were
smaller with a lower average cell size than WT mice
(Figure 4B and C). On the other hand, an increase in adipo-
cyte number was observed in HFD Bcl3-KO compared to
WT mice (Figure 4C). To explain this phenotype, we mea-
sured adipocyte differentiation rate in isolated EMSC from
Bcl3-KO and WT mice. Previous studies established and
characterized EMSC have the characteristics of stem cells,
including the ability to self-renewal and to differentiate into
various types of cells.'”'* As showed in Figure 4E, EMSC

from WT mice differentiated into adipocytes faster than
EMSC from Bc/3-KO mice, as evident by Oil red
O staining (Figure 4E). Bc/3-KO mice fed with HFD exhib-
ited lower adiponectin levels and lower leptin levels
(Figure 4D). Adiponectin and leptin are known important
adipokines produced by functional adipocytes, and their
expression levels are closely related to adipocyte function.
Taken together, these results suggest that Bc/3 deletion can
protect against the adipocyte hypertrophy in EAT of obese
WT mice and decelerate adipocyte differentiation and
improve adipose tissue function in obese mice.

Bcl3 Deletion Decreased the Expression
of Key Lipogenic Enzymes

In order to examine the mechanisms of moderated hepatic
steatosis and adipocyte hypertrophy, we next explored the
expression of key lipogenic enzymes including fatty acid
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synthase (FAS), acetyl CoA carboxylase (ACC), phospho-
acetyl-CoA carboxylase (pACC) and sterol regulatory ele-
ment-binding protein (SREBP1). Under the condition of
ND, there was no significant difference in the expression
of adipogenic enzyme in Bc/3-KO mice (Figure 5A and B).
However, pACC, FAS and SREBP1 were significantly
decreased in obesity Bc/3-KO mice compared with obese
WT mice (Figure 5C and D). In parallel, regulators of
hepatic lipid clearance and export were enhanced in HFD-
fed Bcl3-KO mice. SREBPI is synthesized as an inactive
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precursor that binds to the endoplasmic reticulum (ER). In
response to insulin signalling, SREBP1 is transported from
the ER to the Golgi, processed by proteases in the Golgi, and
then shuttled to the nucleus to induce lipogenic gene expres-
sion. On the basis of these results, we checked HFD mice
nuclear SREBP1 protein levels. In Bc/3-KO mice fed with
high-fat diets, the active, nuclear-localized SREBP1
(nSREBP1) was significantly increased (Figure 5E). The
expression of carnitine palmitoyltransferase 1A (CPT1A)
was significantly increased implying an improvement of
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Notes: Adipose tissues (EAT) were retrieved after 16 weeks of ND or HFD feeding. (A) EAT image. (B) Representative H&E staining images of EAT of WT and Bcl3-KO
ND-fed or HFD-fed mice. (€) Quantification of adipocyte number per image and area (uM). (D) mRNA levels of adiponectin and leptin in EAT from WT and Bcl3-KO mice.
(E) Adipogenic potentials of WT versus Bcl3-KO ear mesenchymal stem cells (EMSC). Data in A-E represent means of n=4—6 mice/group +SEM. *p < 0.05, **p < 0.01, ***p <

0.001 for Bcl3-KO versus WT mice.
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the mitochondrial fatty acid B-oxidation (Figure 5C and D).
These data suggest that BCL3 deficiency may reduce fat
accumulation by decreased de novo lipogenesis and
increased B-oxidation of fatty acids.

Decreased Macrophage Infiltration and
Inflammation in EAT and Liver of Bcl3-KO
Mice

Large of adipose tissue macrophages (ATMs) accumulate
in EAT and liver of obese, leading to the development of
chronic inflammation. Accordingly, flow cytometry analy-
sis from EAT showed less accumulation of M1-like macro-
phages in Bcl3-KO adipose tissue compared to WT mice
(Figure 6E), as we know, M1-like macrophages that are
highly pro-inflammatory. This was consistent with a lower
number of crown-like structures as measured by F4/80
immunohistochemical staining in liver from Bcl3-KO
than WT mice (Figure 6A). Next, we explored macro-
phage polarization in liver, the mRNA expressions of M1
macrophage markers, including IL-6 and IL-1B, and M2
macrophage makers, including Argl and CD206 were
assessed with qRT-PCR. As shown in Figure 6B and C,

BCL3 KO suppressed M1 macrophage marker expression

and increased M2 macrophage marker expression.

Furthermore, there was reduced expression of pro-
inflammatory genes in EAT from Bcl/3-KO mice as mea-
sured by qPCR analysis (Figure 6D). It is well known that
activation of the NF-kB pathway is closely related to the
expression of inflammatory factors, and previous studies
have shown that BCL3 can bind to P50 to affect the
activation of the NF-kB pathway. Therefore, we measured
the expression of P50 in the liver and adipose tissue of
obese mice, and the results showed that the expression of
P50 protein in Bc/3-KO mice was increased (Figure 6OF).
Taken together, these results suggest that Bcl3 deletion
leads to decrease secretion of chemokine and inflamma-
tory cytokines from adipocytes and hepatocytes, causing
reduced Ml-like macrophage content and decreased
insulin

inflammation and contributing to improved

sensitivity.

Discussion
Very little is known about the function of BCL3 in adipo-
cyte biology and nothing has been reported, as far as we
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Figure 6 Decreased adipose and liver tissue inflammation in Bcl3-KO Mice.

Notes: (A) F4/80 immuno-staining in liver. (B) RT-PCR analysis for mRNA expression of CD206, Argl in liver. (C) RT-PCR analysis for pro-inflammatory cytokine mRNA
expression of IL-13, MCP-1, IL-6 in liver. (D) RT-PCR analysis for pro-inflammatory cytokine mRNA expression of IL-13, MCP-1, TNF-q, IL-6 in EAT. (E) Representative flow
cytometry analysis of macrophage subtype in spleen and EAT. (F) Western blot analysis of P50 protein expression in WT and Bcl3-KO ND-fed and HFD-fed mice. Data in
A-D represent means of n=5-7 mice/group +SEM. *p < 0.05, **p < 0.01 for Bcl3-KO versus WT mice.

know, in the setting of obesity and hepatic steatosis. Here,
we have generated Bc/3-KO mice and have performed
detailed studies revealing that BCL3 is a critical physiolo-
gical regulator of lipid metabolism, insulin sensitivity and
hepatic steatosis. To further explore the role of BCLS3,
mice were exposed to a high-fat diet. We find that deletion
of Bcl3 protects mice from HFD-induced obesity and fatty
liver disease in vivo. This was accompanied by improved
insulin resistance and glucose intolerance, reduced ATM
content, and decreased inflammatory signaling in adipose
and liver tissue.

In order to further explore the mechanism of the occur-
rence of this phenotype, we measured the key lipogenic
enzymes including FAS, ACC and pACC and fatty acid
oxidation enzymes such as CPT1A and ATGL were exam-
ined. SREBPI is an important nuclear transcription factor
in animal fat metabolism, and is synthesized as an inactive

precursor that binds to the endoplasmic reticulum (ER). In
response to insulin signaling, SREBP1 is transported from
the endoplasmic reticulum to the Golgi in a coat protein
complex II(COPII)-dependent manner, processed by pro-
teases in the Golgi, once SREBPI is activated, the mature
(sheared) protein translocates to the nucleus to induce
lipid-producing gene expression, such as FAS.” In mice
with non-alcoholic fatty liver disease, the activity of the
SREBP1/FAS pathway is significantly increased, leading
to the progression of hepatic steatosis.”>*' Overexpression
of SREBP1 in obese WT mice leads to disorders of glu-
cose and lipid metabolism, leading to increased lipid pro-
duction. of fatty and
accumulation of toxic lipid compounds in the liver are
key steps to increase susceptibility to liver injury.”* FAS-
dependent de novo lipogenesis is essential for the activa-
tion of macrophages and CD8" cells, which will directly

Reduced utilization acids
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affect the inflammatory response and the formation of
inflammatory mediators.”>** Our results showed that the
SREBPI, FAS and ACC genes related to liver triglyceride
production of Bcl3-KO were relatively reduced, while the
expressions of ATGL related to triglyceride output were
increased in these mice. This leads to reduced triglyceride
levels in the body, which in turn shows weight loss,
reduced hepatic steatosis, and changes in the size of adi-
pocyte. For another, NF-xB P65 phosphorylation is posi-
tively correlated with SREBP1 levels. These seem to
indicate that SREBP1 expression is associated with NF-
kB pathway mediated validation. In our experiment, NF-
kB P50 protein level was negatively correlated with
SREBPI, but the specific mechanism is still unknown.

In vitro BCL-3 was identified to influence inflamma-
tory and energy metabolism in cardiomyocytes.”” In
a study by Nadine, specific overexpression of BCL3 in
the liver exacerbated hepatic steatosis through PPARs and
PGC-10.>° But this was limited to the role of BCL3 in the
liver, and there were no data on the deletion of the Bcl3
gene. Role of BCL3 in adipocyte biology is poorly under-
stood. We found that deletion of Bcl3 in vivo protects mice
from high-fat induced adipose tissue hypertrophy. Studies
have shown that adipocyte size is negatively correlated
with insulin sensitivity.”” H&E staining showed that the
volume of Bc/3-KO adipocytes was smaller than that of
WT mice. The reduction of Bcl3-KO adipocyte tissue and
the decrease of adipocyte volume may be due to the lower
adipocyte differentiation rate observed in EMSCs isolated
from Bcl3-KO mice. Previous studies have shown that
EMSC:s are stem cells with multidirectional differentiation
potential.® For many years, adipose tissue has been con-
sidered as an energy storage organ, but now it is also
considered to have endocrine function, which plays an
endocrine function through the synthesis and secretion of
many adipokines, such as adiponectin and leptin.>*-*°
Adipokines act not only in adipose tissue but also in
distant organs and tissues.!' Leptin is produced by adipo-
cytes and is responsible for regulating energy balance.
Lipid metabolism may also be affected by leptin.>' = In
vitro administration of leptin resulted in a decrease in
triglyceride content in adipose and non-adipose tissues,
and reduced plasma triglyceride and free fatty acid con-
centrations in rats.***> In the study of Schulz et al, intra-
nasal administration of leptin resulted in significant weight
loss and adipose tissue loss in diet-induced obese rats.*® In
our experiment, a high-fat diet significantly increased lep-
tin levels in adipose tissue of mice, and the loss of adipose

tissue and body weight in obese Bcl3-KO mice may be
related to the elevated leptin levels in adipose tissue.
During the development of obesity, chronic, low-grade
inflammation is induced in adipose tissue.>’~® Increased
adipose tissue inflammation stimulates adipocyte lipolysis
and tissue fibrosis, and thus led to increases in metabolic
abnormalities. Inflammation caused by apoptosis of liver
cells and adipocytes is a key driver of disease progression
and promotes further amplification of inflammation in
non-alcoholic fatty liver disease and adipose tissue.*’
BCL3 has previously been considered as a major negative
regulator of pro-inflammatory cytokines expressed by
inflammatory cells. Collins et al found that the interaction
between BCL3 and P50 is a necessary and sufficient con-
dition for the anti-inflammatory properties of BCL3.*
However, our study found that Bc/3 knockout alleviated
inflammation by down-regulating the expression of IL-1p,
TNF-0, and IL-6 in liver and adipose tissue of high-fat fed
mice. They are released by liver cells and fat cells, as well
as by inflammatory cells, and promote lipid accumulation
by impaling insulin signaling. In liver tissue, IL-6 inhibits
the expression of insulin receptor and reduces adipogen-
esis and adiponectin levels.*'"** The expression of MCP-1
was decreased in liver and adipose tissue of obese Bcl3-
KO mice. MCP-1 is mainly secreted by intrahepatic
macrophages and promotes liver lipid accumulation by
increasing lipid synthesis and inhibiting lipid outflow.*
In addition, macrophages enter the liver and adipose tissue
through MCP-1, which is particularly evident in obese
Bcl3-KO mice.** Decreased infiltration of macrophages
in the liver and adipose tissue of Bc/3-KO mice may be
caused by the decreased expression of MCP-1, but the
underlying mechanism needs to be further explored.
These data suggest that BCL3 deficiency leads to reduced
chemokine secretion in liver and adipose tissue, resulting
in reduced ATM content and reduced inflammatory
response. The anti-inflammatory phenotype in Bc/3-KO
mice was further studied. The expression level of P50
protein in the liver was measured by WB, and the results
showed that the expression level of P50 in Bc/3-KO mice
was increased, and the difference was more obvious in the
obese mice. As P50 is a key inhibitor of NF-kB

pathway, ¢

it is reasonable to speculate that the Bcl3
gene knockout may increase the expression of P50 protein,
or decrease the decomposition of P50, resulting in the
increase of P50 content in vivo, and the increased P50
binds to DNA to inhibit the activation of NF-«kB. In turn, it

leads to the decrease of downstream inflammatory factors,
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and alleviates the systemic chronic low-grade inflamma-
tion in obese mice.

In conclusion, we identified BCL3 as a potential reg-
ulator in fatty acid synthesis through its effects on lipid
metabolism in liver and adipose tissue involving (1) key
lipogenic enzymes including SREBP1 and FAS and (2) the
remission of hepatic and adipose inflammation.
Hepatocyte damage and increased systemic inflammation
caused by ectopic storage of triglycerides further lead to
insulin resistance. However, the specific mechanism is still

unknown and needs to be further studied.
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