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Jazf1isa27 kDa nuclear protein containing three putative zinc finger motifs that is associated with diabetes
mellitus and prostate cancer; however, little is known about the role that this gene plays in regulation of
metabolism. Recent evidence indicates that Jazf1 transcription factors bind to the nuclear orphan receptor
TR4. This receptor regulates PEPCK, the key enzyme involved in gluconeogenesis. To elucidate Jazf1's role in
metabolism, we fed a 60% fat diet for up to 15 weeks. In Jazf1 overexpression mice, weight gain was found to
be significantly decreased. The expression of Jazf1 in the liver also suppressed lipid accumulation and
decreased droplet size. These results suggest that Jazf1 plays a critical role in the regulation of lipid homeo-
stasis. Finally, Jazf1 may provide a new therapeutic target in the management of obesity and diabetes.

© 2014 Published by Elsevier Inc.

1. Introduction

Lipid metabolism is separated into lipogenesis and lipolysis.
Lipogenesis is the process by which acetyl-CoA is converted to fats.
Lipogenesis related genes typically include SREBP1-c, FAS and ACC.
SREBP1-c is a critical regulator of extension of lipid storage in liver
[1], as well as an important factor in transcriptional regulation of
the fatty acid synthetic genes, FAS and ACC [2]. FAS is an enzyme
that catalyzes fatty acid synthesis via the production of palmitate
from acetyl-CoA and malonyl-CoA [3]. Similarly, ACC, which syn-
thesizes malonyl-CoA from acetyl-CoA, is an important enzyme
in triglyceride biosynthesis. ACC is predominantly expressed in
the lipogenesis related tissues, liver and adipose [4]. Lipolysis is
the breakdown of lipids. HSL and ATGL are important lipolysis re-
lated genes. HSL is an intracellular lipase that is capable of hydro-
lyzing stored triglycerides to free fatty acids in adipose tissue [5].
ATGL initiates the breakdown of intracellular triglycerides into
fatty acid monomers in adipose tissue [6]. An imbalance between
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lipogenesis and lipolysis is caused by abnormal lipid metabolism
(dyslipidemia), and obesity is a major element leading to the devel-
opment of dyslipidemia [7].

Obesity is caused by poor diet, especially excess energy intake.
Obesity is also the major pathological factor that predisposes indi-
viduals to insulin resistance [8,9], which is the central feature of
metabolic syndrome, whereby target tissues fail to respond effi-
ciently to normal concentrations of insulin [10].

TR4 belongs to a subclass of orphan nuclear receptors. TR4 is
highly expressed in several tissues, including the testis, brain, kid-
ney, liver, and adipose tissue. Although the precise physiological
functions of TR4 remain poorly understood [11], recent reports
suggest that certain fatty acids and eicosanoids bind to and en-
hance the transcriptional activity of TR4, suggesting that TR4 might
function as a lipid sensor [12]. Other studies have provided evi-
dence of a role of TR4 in lipid metabolism and gluconeogenesis
[13,14]. TR4 also regulates various genes in diverse pathways,
including apoE, Gatal, PEPCK, and CD36 [15-17].

PEPCK is the key enzyme controlling the rate of gluconeogene-
sis based on its expression levels. PEPCK is mainly expressed in the
liver and kidney, where it participates in gluconeogenesis and glyc-
eroneogenesis [18]. PEPCK activity can be controlled at the tran-
scriptional level in response to nutritional conditions. A recent
study found that genes involved in the gluconeogenic pathway in
response to energy expenditure and storage, including PEPCK,


http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbrc.2013.12.094&domain=pdf
http://dx.doi.org/10.1016/j.bbrc.2013.12.094
mailto:dhyoon@knu.ac.kr
mailto:jaewoong64@hanmail.net
http://dx.doi.org/10.1016/j.bbrc.2013.12.094
http://www.sciencedirect.com/science/journal/0006291X
http://www.elsevier.com/locate/ybbrc

W.Y. Jang et al./Biochemical and Biophysical Research Communications 444 (2014) 296-301 297

exhibit a rhythmicity in their mRNA levels and their corresponding
regulatory hormones and/or transcriptional regulators [19].

Jazf1, a protein with unknown function, is a basic protein with a
molecular mass of 27.1 kDa that contains three putative zinc finger
motifs [20]. Variants of Jazf1 are associated with an increased risk
of prostate cancer, an increased risk of diabetes, and an increased
height [21]. This gene encodes a nuclear protein with three
C2H2-type zinc fingers and functions as a transcriptional repressor.
Chromosomal aberrations involving this gene are associated with
endometrial stromal tumors. Alternatively spliced variants that en-
code different protein isoforms have been described; however, not
all variants have been fully characterized. A recent study indicated
that Jazf1 acts as a strong repressor of DR1-dependent transcrip-
tional activation by the TR4 [22]. Jazf1 interacts specifically with
the ligand-binding domain of TR4 and functions as a TR4-selective
cofactor that may play an important role in mediating transcrip-
tional repression by TR4 [22].

In this study, we focused on the role of Jazf1 in lipid metabolism
in a Jazf1 over-expression transgenic mouse model. Specifically, we
generated TG mice to elucidate the function of the Jazf1 gene in li-
pid metabolism.

2. Materials and methods
2.1. Generation of transgenic mice and experimental protocol

The Jazfl ORF, 13.5-day post-coitus embryo cDNA, was sub-
cloned into the pEGFP-N1 vector (Clontech). The plasmid DNA for
microinjection was purified using a Plasmid Midi Kit (Qiagen).
The expression cassette was prepared by digesting the recombi-
nant vector DNA with Dralll. Fertilized one-cell embryos were ob-
tained from BDF1 females. A DNA cassette was purified by dialysis
in Tris/EDTA (TE, pH 8.0) and microinjected into the pronuclei of
fertilized embryos. Injected embryos were cultured for 20 h before
transference into pseudopregnant female ICR mice. Animals were
raised and kept under specific pathogen-free conditions. Genomic
DNA was extracted from offspring tail biopsies, and the Jazf1 trans-
gene was identified by PCR followed by 1% agarose gel electropho-
resis. All animal experiments were carried out in accordance with
the guidelines for animal experimentation and under permission
from the Kyungpook National University, Animal Use and Care
Committee. Jazfl-overexpression transgenic mice (TG) [23] and
wild-type littermate mice (WT) were housed in laboratory cages
at a temperature of 25°C and a humidity of 50% under a 12 h
dark/light cycle (lights on at 7 a.m.). For diet-induced obesity, male
mice were fed normal diet (ND, 10% fat, Research Diets Inc.) and
high fat diet (HFD, 60% fat, Research Diets Inc.) starting at 8 weeks.

The body weight and food intake were monitored weekly. In
addition, fasting glucose was determined in blood collected from
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the tail vein of male mice once per week for 15 weeks after a
16 h fasting using a glucometer (ACCU-CHEK, Roche) [24].

2.2. Reverse transcription-polymerase chain reaction (RT-PCR)

Total RNA was isolated from liver and epididymal WAT (e WAT)
of WT and TG mice using Trizol reagent (MRC) according to the
manufacturer’s instructions. RT-PCR was performed in a total vol-
ume of 50 pl containing 2 pl of first-strand cDNA (Enzynomics).

2.3. Real-time PCR

Liver and eWAT were collected from WT and TG mice and ana-
lyzed for lipid metabolism-related gene expression by real-time
PCR (Table 1). Real-time PCR was then performed using the SYBR
premix Ex Taq (TliRnaseHPlus; TAKARA). To examine the relative
mRNA expression of lipid metabolism and lipolysis and lipogene-
sis-related genes, real-time PCR was performed using the Step
One Plus Real-Time PCR System (Applied Biosystems).

2.4. Western blot analysis

Protein expression levels were determined by Western blotting
using specific antibodies, JAZF1 (ab80329), TR4 (ab10930) and PEP-
CK (ab40843), against the respective proteins. Protein quantifica-
tion was performed using the DaVinci software.

2.5. Glucose tolerance test (GTT) and insulin tolerance test (ITT)

Mice were fasted overnight (16 h) before the test after fed for
15 weeks. Glucose was then injected intraperitoneally (1 g/kg; Sig-
ma) and blood samples were collected before injection and at 0, 15,
30, 60, 75, 90, 105 and 120 min after the injection. Mice were then
injected with insulin (0.75 U/kg) in ~0.1 ml 0.9% NacCl intraperito-
neally, and a drop of blood (5 pl) was taken from the cut tail vein
before the injection of insulin and at 0O, 15, 30, 60, 75, 90, 105
and 120 min after injection. The blood glucose levels of all samples
were measured using a glucometer.

2.6. Histological analysis

For histological examination of the liver and epididymal WAT
(eWAT), mice were euthanized when they reached 4 months of
age. The livers and eWAT from the WT and TG mice were then
fixed overnight in 10% buffered formalin, embedded in paraffin
wax, and sectioned at 5 um. Sagittal sections were subsequently

stained with hematoxylin and eosin using standard histology
techniques.
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Fig. 1. Jazf1 inhibited PEPCK activity via TR4. (A) Expression levels of TR4 and PEPCK in liver from WT and TG mice were measured by PCR and normalized to B-actin
expression. (B) Protein expression levels of Jazf1, TR4 and PEPCK in eWAT and liver from WT and TG mice were measured by Western blot.
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The liver tissue sections were collected and covered with O.C.T
(optimal cutting temperature) gel and kept at —80 °C. Frozen sections
ofmouse liver tissue (<10 um) were fixed in 3.7% formaldehyde for
10 min and then rinsed with PBS and 60% isopropanol, after which they
were stained with 0.5% Oil Red O in 60% 2-propanol for 15 min. After
washing with distilled water, the nuclei were stained with hematoxy-
lin for 2 min and rinsed thoroughly with distilled water.

2.7. Plasma biochemical analysis

Blood samples were taken by periorbital vein for biochemical
analysis. Triglyceride, total cholesterol, LDL, HDL levels in plasma
were measured using a commercially kits (abcam).
2.8. Statistical analyses

All results are expressed as the means + SEM from at least three

independent experiments. Groups were compared by ANOVA, with
a p < 0.05 being taken to indicate statistical significance.

3. Results
3.1. Jazf1 inhibited PEPCK activity via TR4

Jazf1, TR4 and PEPCK are mainly expressed in metabolic tissue,
such as liver and adipose tissue. Therefore, the mRNA expression
levels and protein expression levels of these genes were compared
in liver and adipose tissue from TG and WT mice. PCR was con-
ducted to examine mRNA expression levels of Jazf1, TR4 and PEPCK
in liver from WT and TG mice. The results of PCR revealed no dif-
ference in TR4 mRNA expression in liver from WT and TG. This
repression of TR4 was probably made by the binding of Jazf1 and
TR4. The theory is confirmed by low levels of mRNA found in PEP-
CK, which is downstream gene of TR4 (Fig. 1A). TR4 was reported
to regulate PEPCK in a previous study [13]; therefore, Western
blotting was carried out to quantitatively examine protein expres-
sion levels of Jazf1, TR4 and PEPCK in liver and WAT from WT and
TG mice. The results revealed no difference in TR4 protein expres-
sion in liver and WAT between WT and TG mice, but PEPCK protein
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Fig. 2. Body weight, blood glucose and insulin sensitivity were measured in wild type and transgenic mice. (A and B) Eight week old male mice were fed ND and HFD for
15 weeks and the body weight and food intake were monitored weekly. Mice were fasted overnight before the test. (C and D) Blood samples were taken after the L.P. injection

of glucose (1 g/kg) and (E and F) insulin after fed for 15 weeks (0.75 U/kg). “p < 0.05.
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expression was shown to be decreased in WT mice (Fig. 1B). Jazf1,
known as a TR4 binding protein, did not regulate the mRNA and
protein levels of TR4. Instead, the mRNA and protein levels of PEP-
CK, the downstream gene of TR4, were expressed on a low level.
Therefore, Jazf1 does not inhibit mRNA and protein expression of
TR4, but does inhibit mRNA and protein expression of PEPCK
through inhibition of TR4 function.

3.2. Body weight, blood glucose and insulin sensitivity in WT and TG
during 60% fat diet

Obesity is a risk factor for the development of insulin resistance,
a physiological condition in which cells fail to respond to the nor-
mal actions of the hormone insulin, [7]; therefore, we investigated
whether these effects were associated with Jazf1. The body weight
of TG mice was significantly lower than that of WT mice for
15 weeks (Fig. 2A). In particular, body weight gain of TG mice
was more decreased 7 g than WT in 15 weeks (Fig. 2B). Blood
glucose level is an indicator of insulin resistance and obesity
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caused by diet; accordingly, we measured the blood glucose after
providing mice with the HFD. The blood glucose levels of TG mice
were generally lower than those of the WT mice (data not shown).
The result revealed no significant difference in food intake between
groups (data not shown), indicating that differences in body
weight and blood glucose were not related to food intake.

The symptoms of insulin resistance include increased blood glu-
cose levels and reduced glucose uptake in peripheral tissue. Blood
glucose levels of TG mice were significantly lower than those of WT
mice after intraperitoneal injection with glucose (Fig. 2C). Com-
pared to the blood glucose levels indicated by the AUC, TG mice
were significantly lower which is statistically meaningful
(Fig. 2D). Moreover, the blood glucose levels of TG mice were sig-
nificantly lower than those of WT mice (Fig. 2E). Significantly a
lower glucose level indicated by the AUC of TG mice is also shown
in ITT (Fig. 2F).

Overall, these findings indicated that Jazf1 reduced weight gain
due to a high fat diet and insulin sensitivity of TG mice was im-
proved relative to that of WT mice.
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Fig. 3. Effect of JAZF1 on expression of metabolism indicator. Total RNA was isolated from livers and eWAT in each group and subjected to qRT-PCR to determine the effects of
Jazf1 on the expression of several genes normalized to B-actin levels. (A) The mRNA expression of important genes involved in lipid and (B) glucose metabolism were
measured in liver. (C) The mRNA expression of important genes involved in lipid and (D) glucose metabolism were measured in eWAT. (E and F) Expression of metabolism

indicator in blood, “p < 0.05, **p < 0.01.
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3.3. Expression of metabolism indicator in WT and TG

To investigate whether Jazf1 regulates lipid and glucose metab-
olism in the peripheral tissue, the mRNA expression of important
genes involved in lipid and glucose metabolism were measured.
To accomplish this, real-time PCR was used to examine the mRNA
expression of various genes. As shown in Fig. 3A, mRNA levels for
ACC and SREBP1-c were decreased in the liver. The FAS levels were
not significantly different from the basal levels (Fig. 3A); however,
GLUT2 transcription was significantly higher than that of control
levels (Fig. 3B). Lipogenesis related genes were expressed at lower
levels in TG than WT mice, while glucose metabolism related genes
of TG mice were higher than those of WT mice in the liver. These
data indicate that Jazf1 decreased lipogenesis and increased glu-
cose metabolism in the liver.

To explore the molecular mechanisms involved in lipolysis and
glucose metabolism in eWAT, real-time PCR was conducted to
measure the mRNA expression of HSL, ATGL, IRS1 and GLUTA4. As
shown in Fig. 3C, the mRNA levels of HSL and ATGL, which are tran-
scription factors involved in lipolysis, were increased in eWAT
from TG mice (Fig. 3C). In addition, the expression of IRS1, GLUT1
and GLUT4 mRNA was significantly higher in TG than WT mice
(Fig. 3D). Lipolysis related genes of TG mice were lower than those
of WT mice, while glucose metabolism related genes of TG mice

A WT TG

Liver

WAT

Fig. 4. Lipid accumulation and adipocyte overexpression of Jazf1 in mice. (A) H&E
staining in liver and eWAT from WT and TG mice. (B) Liver was fixed and stained
with Oil Red O, after which the stained lipids were extracted and measured.

were higher than those of WT mice in eWAT. These data indicate
that Jazfl improved lipolysis and glucose metabolism in eWAT
(Fig. 3C and D).

Blood analysis focused on major lipid metabolic predictive fac-
tors, sucg as triglyceride, cholesterol, LDL and HDL showed that the
lipid level of Tg mice were confirmed in the overall metabolic pro-
cess. Triglyceride and cholesterol in blood of TG mice were more
decrease than those of WT mice (Fig. 3E). LDL and HDL levels were
not significantly different between WT and TG mice (Fig. 3F).

3.4. Decreased of lipid accumulation in liver and WAT

We confirmed histological changes in the liver and eWAT,
which are metabolic tissue. According to H&E staining, lipid drop-
lets and adipocytes in the liver of TG mice were smaller than those
of WT mice, demonstrating that lipid accumulation was decreased
in the liver and eWAT of TG (Fig. 4A). The representative images of
Oil Red O staining demonstrated that overexpression of Jazf1 re-
sulted in decreased lipid accumulation in the liver. Staining
showed that liver tissue over-expressing Jazf1 had a lower intra-
cellular lipid content than that of WT mice (Fig. 4B). These results
suggest lipid accumulation of Jazf1 in liver tissue.

4. Discussion

This study demonstrated that Jazf1 regulated activation of PEP-
CK and decreased lipid accumulation and lipid droplet size. In a
previous study, Jazf1-overexpressing transgenic mice (TG) that ex-
press mouse Jazfl cDNA under the control of the CMV promoter
were generated [2]. Moreover, a recent study showed that overex-
pression of Jazf1 in adipocytes and hepatocytes led to reduced lipo-
genesis and increased lipolysis [25]. In addition, genome-wide
association studies have verified associations between Jazfl and
diabetes mellitus and prostate cancer [26]. However, little is
known about the function of this gene in regulating metabolism.
Therefore, we investigated changes of lipid metabolism in mice
based on these previous in vitro studies. A linkage and association
analysis found Jazf1 region affecting human height [27]. In addi-
tion, genome wide association studies have identified that there
is strong statistical evidence that Jazf1 is associated with diabetes
[28].

Jazf1 was expressed in almost all the tissues of mice [23], with
the highest levels detected in testes and adipose tissues, which are
often connected to lipid metabolism.

Jazf1 interacts specifically with the ligand-binding domain of
TR4, subclass of orphan nuclear receptors [15,29] and acts as a
strong repressor of DR1-dependent transcriptional activation by
TR4 [30]. The results of Western blot analysis showed that TR4
expression did not differ at the protein level, but that the decrease
in protein expression of PEPCK in TG mice was less than in WT
mice (Fig. 1). As a result, Jazf1 does not inhibit mRNA and protein
expression of TR4, but Jazf1 inhibits the mRNA and protein expres-
sion of PEPCK through inhibition of TR4 function. The body weight
of TG mice was significantly lower than that of WT mice. In addi-
tion, Jazf1 reduced weight gain and improved insulin sensitivity
in mice provided with the high fat diet (Fig. 2).

To investigate whether Jazf1 regulates lipid and glucose metab-
olism in the peripheral tissue, Real-time PCR was conducted to
examine mRNA expression of SREBP1-c, FAS, ACC, HSL, ATGL,
IRS1, GLUT2 and GLUT4. SREBP1-c, FAS and ACC are transcription
factor that plays important roles in the controls of fatty acid
metabolism and adipogenesis [31] (see Table 1).

The mRNA levels of ACC and SREBP1-c of TG were decreased,
while those of GLUT2 of TG were significantly increased in the liver
(Fig. 3). To explore the molecular mechanisms involved in lipolysis



W.Y. Jang et al./Biochemical and Biophysical Research Communications 444 (2014) 296-301 301

Table 1
Real-time PCR primers sequences.
Gene Primer sequence
SREBP-1c¢ Forward GAT CAA AGA GGA GCC AGT GC
Reverse TAG ATG GTG GCT GCT GAG TG
FAS Forward TGG TGG GTT TGG TGA ATT GTC
Reverse GCT TGT CCT GCT CTA ACT GGA AGT
ACC Forward ATG TCC GCA CTG ACT GTA ACC A
Reverse TGC TCC GCA CAG ATT CTT CA
HSL Forward AAG ACC ACA TCG CCC ACA
Reverse CTG AAG GCT CTG AGT TGC T
ATGL Forward TGC TAC CCG TCT GCT CTT TC
Reverse GAC CTG ATG ACC ACC CTT TC
IRS1 Forward CGC CTG GAG TAT TAT GAG AAC GA

Reverse GTC AGC CCG CTT GTT GAT GT

GLUT2 Forward GGC TAA TTT CAG GAC TGG TT
Reverse TTT CTT TGC CCT GAC TTC CT
GLUT4 Forward CCC ACA AGG CAC CCT CAC TA

Reverse CCT TTT CCT TCC CAA CCA TTG

and glucose metabolism in eWAT, mRNA levels of HSL, ATGL IRS1
and GLUT4 of TG were increased in eWAT (Fig. 3). Additionally, tri-
glyceride and cholesterol levels in blood were decreased in TG
mice. These data indicate that Jazf1 increased lipogenesis in the li-
ver, decreased lipolysis in eWAT and increased glucose metabolism
in peripheral tissue.

Lipid accumulation occurs in the liver and WAT. Histological
staining showed that Jazf1 had a lower intra-cellular lipid content
than the WT mice (Fig. 4), which suggests that Jazf1 decreased lipid
accumulation in peripheral tissue.

In conclusion, we confirmed that overexpression of Jazf1 in vivo
led to reduced lipogenesis via reduced expression of SREBP1-c and
ACC and increased lipolysis through upregulation of HSL and ATGL.
Because it decreases the maturation of lipid droplets and fat stor-
age, reduces lipid synthesis, and increases lipolysis, we speculate
that Jazfl is a potential target for regulating metabolism and
obesity.
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