SRR EEMEBEIE 24(4) © 419~428(2000)
Korean J. Animal Reprod.

Expression of Antisense Mouse Obese Gene

in Transgenic Mice
Kwon, B. S., K. H. Hong, J. W. Jahng', H. T. Lee and K. S. Chung'

College of Agriculture, Animal and Life Science, Konkuk University

ABSTRACT

Leptin, the product of obese (0b) gene, is an adipocyte-derived satiety factor that plays a major role

in the regulation of food intake, energy homeostasis, body weight, reproductive physiology and

neuropeptide secretion. The present study was designed to generate transgenic mice expressing antisense

mouse ob (mob) gene. Total RNA was extracted from the adipose tissues of mouse, then reverse

transcription was performed. The 303 and 635 bp fragments of antiI and II c¢DNAs were amplified

from mob ¢cDNAs by PCR. The two mob cDNAs were reversely ligated into between adipose tissue

specific aP2 promoter and SV40 poly(A) site. Transgenic mice carrying two different kinds of antisense
mob transgenes were generated by DNA microinjection into pronucleus. Total 14 transgenic mice were

born, and the 4 and 5 founder lines of the transgenic mice with anti] and II transgenes were

respectively established. Antisense mRNA expression was detected in transgenic F; mice by RT-PCR

analysis. This result suggests that the transgenic mice expressing antisense mob mRNA may be useful

as an animal disease model to be obesity caused by decreased amount of leptin secretion.
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I. INTRODUCTION

Obesity is an increased body fat mass resulted
from unblance between energy intake and energy
expenditure in body composition (Bray and York,
1971; Weigle et al, 1994). The increased body
weight (obesity), defined as a serious health pro-
blem, is associated with important psychological
and medical morbidities, the latter including hy-
pertension, hyper-lipidaemia, and Type II or non-
insulin-dependent diabetes mellitus (Friedman and
Leibel, 1992). Recently, the pathogenesis of obesity

was investigated at the part of molecular mecha-

nism (Zhang et al., 1994).

Obese (ob) gene was firstly cloned and
sequenced by Friedman and his colleagues (Zhang
et al.,, 1994). Leptin, the product of ob gene, is an
adipocyte-derived satiety factor. It plays a major
role in the regulation of food intake, energy
homeostasis, body weight (Campfield et al., 1995;
Pelleymounter et al., 1995; Halaas et al, 1995;
Stephens et al., 1995) and reproductive physiology
(Clarke and Henry, 1999). Leptin acts as a
negative-feedback in brain, and many neuropeptides
relating to ingestive behavior, such as neuropeptide
Y (NPY), agouti-related peptide (AGRP), cocaine-
and amphetamin-regulated transcript (CART), and
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proopiomelanocortin  (POMC), are regulated by
leptin levels in the central nervous system (CNS)
(Stephens et al., 1995; Ahima et al., 1999; Ebihara
et al., 1999; Thornton et al., 1997; Kristensen et al.,
1998). Releases of hypothalamic NPY and AGRP,
potent orexigenic peptides, were reduced in
leptin-treated o0b/ob mice (Stephens et al, 1995;
Ebihara et al, 1999). Hypothalamic CART and
POMC expression, potent anorexigenic peptides,
was increased in leptin-treated o0b/ob mice
(Kristensen et \al., 1998; Shwartz et al, 1997,
Thornton et al., 1997). These results indicate that
leptin elevates the anorectic effects in the brain.
However, the CNS mechanism regulated by leptin
is not yet perfectly known.

Obese oblob mice with a mutation in the ob
gene are diabetic, infertile, and exhibit the reduced
activity, metabolism and body temperature (Bray
and York, 1971; Herberg and Coleman, 1977,
Coleman, 1978). Intraperitoneal or intracerebroven-
tricular administration of recombinant leptin redu-
ced food intake, body weight, percent body fat, and
serum concentration of glucose and insulin (Cam-
pfield et al, 1995; Pelleymounter et al, 1995;
Halaas et al., 1995; Stephens et al., 1995) and
repaired reproductive function by promoting growth
of the reproductive organs and increasing secretion
of gonadotropins (Chehab et al., 1996; Buttle et al.,
1997) in ob/ob mice. In addition, transgenic mice
overexperssing leptin  showed decreased body
weight, increased the thermogenesis and repaired
fertility in transgenic ob/ob mice (Ioffe et al,
1998), and increased the glucose metabolism and
insulin sensitivity in transgenic skinny mice (Ogawa
et al,, 1999). The pathgenesis of obesity caused by
leptin deficiency or resistance has been studied in
many laboratories (Friedman and Halaas, 1998;
Schwartz et al., 2000). However, the mechanism
which results in obesity is still largely unclear.
Until now, although there are many reports relating

to over-administration or ablation of leptin, the
reduced level of blood leptin in animal models have
been little investigated.

Antisense transgenesis provides a methodology
for ablating or decreasing gene expression in
targeted tissues through the use of tissue-specific or
controllable promoters (Erickson, 1999). Antisense
RNA can bind in a highly specific manner to
complementary endogenous RNA and then, block
the ability of the endogenous RNA to be processed
or translated (Izant and Weintraub, 1985; Chang
and Stoltzfus, 1987; Yokoyama and Imanoto, 1987,
Inouye, 1988). Thus, this antisense method using
homologous recombination has been used to
regulate specific gene expression in transgenic
mouse.

In the present study, to elucidate the physio-
logical and neural modulation caused by the low
level of leptin in vivo, transgenic mice expressing
antisense mouse ob (mob) mRNA were generated
by microinjection of recombinant antisense mob
gene into pronucleus. Furthermore, we examined
the expression levels of antisense mob genes by
RT-PCR assay.

[I. MATERIALS AND METHODS

1. Cloning of the Mouse Obese Gene

Total RNA was extracted from mouse adipose
tissues by using Trizol (Gibco, NY, USA). Isolated
total RNA was reversely transcribed to synthesize
the first strand cDNA by using AMV Reverse
Transcriptase First-strand ¢cDNA Synthesis kit (Life
Sciences, FL, USA). All primers were designed
according to the published mob cDNA sequence
(accession no. MMU18812), and synthesized in
Bioneer Co., Korea. Primer sequences for each
cDNA are as follow: antil, forward primer
5'-CAGCTGCAAGGTGCAAGAAGAA-3'", reverse
primer 5-TGGTGAGGACCTGTTGATAG-3'; pro-
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duct size, 303 bp; antill, forward primer 5'-CA-
GCTGCAAGGTGCAAGAAGAA-3'; reverse pri-
mer 5-GTGCACATGGCTCTCTTCTC-3'; product
size, 635 bp. Thermal cycling profiles for ampli-
fying each ¢DNA were as follow: denaturation at
94°C for 30 sec, annealing at 60°C for 30 sec, and
extension at 72°C for 40 sec for 35 cycles. Then,
the PCR products were ligated into pCR®2.1-TOPO
vectors (Invitrogen, CA, USA).

2. Construction of an Adipocyte Specific Ex-
pression Vector

The reversely orientated mob c¢DNAs in the
vector were identified by using restriction enzyme
analysis. The reversely orientated TOPO-mob was
digested with KpnT and Not I. The digested mob
was ligated with pEGFP-N1 vector (Clontech, CA,
USA) digested with KpnI and NotI. The
reversely orientated pEGFP-mob, in order to expr-
ess antisense mob mRNA in adipocyte, was
digested with Xho] and KpnI. Adipocyte P2
(aP2) promoter, a fat cell specific promoter, was
ligated with pEGFP-mob digested with Xho I and
KpnI. The aP2 promoter was kindly provided
from Dr. Moitra (National Cancer Institute, USA).
The aP2-mob-poly(A) gene for microinjection was
prepared according to the standard recombinant
DNA procedure (Sambrook et al, 1989). The
recombinant pEGFP-mob containing aP2 promoter
was digested with XhoI and Nae] for the
microinjection, and the 8.7 and 9 kb fragments
were dissolved respectively as a 10xg/ml of
concentration in 10 mM Tris (pH 7.4) and 1 mM
EDTA buffer.

3. Generation of Transgenic Mice

Mice of B6D2F, (C57BL/6J x DBA/2J)F; and
ICR strains were purchased from Daehanbiolink
Co., Korea and kept under the regulated temper-
ature (24~26C) and humidity (40~60%) through
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the experiments. Mice were maintained on 12 h
light and 12 h dark (light on at 09:00 h). Appro-
ximately 1 to 2 pl containing about 10 #g/ml of
DNA solution was injected into the pronucleus of
the one-cell embryos of B6D2F; hybrids. Survived
embryos were incubated in M16 medium overnight
in a 5% CO; incubator at 37°C for growth to the
two-cell stage. Then, the live eggs (1~2 cell stage)
were transferred to the oviduct of pseudopregnant
ICR mice by methods of Hogan et al. (1994).

4. Screening of Transgenic Mice

At three week age, tail biopsy was performed by
clipping 0.5 cm from each pup at the time of
weaning. Each genomic DNA was extracted from
the tail samples by phenol extraction methods
(Hogan et al., 1994). Then, PCR was performed by
using primers (forward 5'-CTGCCAGAGTCTGG-
TCCATC- 3% reverse 5-AACACTCAACCCTA-
TCTCGG-3'; product size, 697 bp). Thermal
cycling profiles for identifying transgenic mice
were as follow: denaturation at 94°C for 30 sec,
annealing at 65°C for 30 sec, and extension step at
72°C for 40 sec for 25 cycles.

For detection of transgene copy number, PCR
assay was performed with the same of thermal
cycling profiles except 22 cycles as described in the
screening of transgenic mice. To analyze the
concentration and purity of the genomic DNAs
extracted from transgenic mice, the ratio of
Ageo/Azgo was measured with a spectrophotometer
(Beckmann, CA, USA). The transgene copy number
was determined according to the density of
amplified bands by densitometry (Vilber Lourmat,
France).

5. Expression of Antisense Obese Gene
To investigate the expression of antisense mob
gene, peritoneal adipose tissues were removed from

transgenic and non-transgenic mice at 11:00 h. The



removed tissues were rapidly submerged in LN,
and stored at —70°C deep freezer until used. Total
RNA was isolated from frozen tissue by using
Trizol (Gibco, NY, USA) and then reverse
transcription was performed by using AMV Reverse
Transcriptase First-strand ¢cDNA Synthesis kit (Life
Sciences, FL, USA). PCR was performed by using
primers (forward 5-CTAGTAACGGCCGCCAGT-
GT-3'; reverse 5-CAGCTGCAAGGTGCAAGAAG
-3'; product size, 343 bp in case of anti I, 675 bp
in case of anti II). Thermal cycling profiles for
estimating antisense mob gene expression were as
follow: denaturation at 94°C for 30 sec, annealing
at 55°C for 30 sec, and extension step at 72°C for
60 sec for 35 cycles.

. RESULTS

1. Construction of Microinjection DNA

Total RNA was isolated from adipose tissues and
the two fragments (303 and 635 bp) of mob cDNAs
were cloned by RT-PCR (Fig. 1). In order to produce
reversely orientated mob cDNAs, they were inserted
into pCR®2.1-TOPO vectors and then, the reversely

confirmed and isolated by enzyme digestion. To
confirm the exact sequence of cloned mob cDNAs,
the PCR products were sequenced in GENE Co.,
Korea. As a result of sequencing, the sequences of
mob ¢cDNAs was correct {data not shown). Plasmid

L (635 bp

4 303 bp

Fig. 1. PCR amplifications of mob cDNAs
from adpose tissues. Lane M: 100 bp
ladder, lane 1: The 303 bp of PCR
product with anti I primers, lane 2:
The 635 bp of PCR product with anti

orientated mob cDNAs were successfully I primers.
Xho I Kpn I 318 bp 16bp  NotT Nae 1
aP2 promoter (7.6 kb) ——l anti {‘(363‘11‘])} SV40 poly(A)
(2) ®)
< 8.7kb >
650 bp 16 bp

aP2 promoter (7.6 kb)

‘—r* anti [l (635 bp)

SV46 poly(A)

A

[y — (b

9 kb

[

Fig. 2. Schematics for the aP2 promoter/antisense mob fusion gene constructs. (a), (b) : PCR

primers for transgene screening.
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EGFP-N1 vectors with SV40 poly (A) were ligated
with the reversely orientated mob cDNAs. To
induce the expression of antisense mob mRNA in
adipocyte, they were ligated with the 7.6 kb aP2
promoter leading to specific expression of transgene
in adipose tissues. For microinjection into pronucl-
eus, the recombinant vectors were digested with
Xho T and Nae . As a result of enzyme reaction,
two microinjection DNAs of 8.7 and 9 kb long
were constructed as shown in Fig. 2.

2. Generation and Screening of Transgenic Mice
The anti I and I transgenes were microinjected
into pronuclei of total 779 fertilized mouse oocytes
and among them, 597 embryos were survived at the

one-cell stage in the day or developed to the
two-cell stage in the next morning (Table 1). These
survived embryos at the one- or two-cell stage were
transferred to the oviduct of pseudopregnant foster
mother, After 19~20 days, 59 live pups were
delivered. At 3 weeks later, genomic DNAs were
isolated from the tails of pups and PCR was
performed with specific primers. As a result of
PCR, 7 of transgenic mice with anti ] gene were
generated, and 7 of transgenic mice with antill
gene were generated. However, 5 pups among
detected transgenic mice were dead within 3 days
after birth because of poor care of them by their
mothers. The transgene copy number which
detected by PCR assay was shown in Fig. 3. In

Table 1. Production of transgenic mice from embryos microinjected with anti1 and I transgenes

. No. of No. of No. of % of

Injected No. of . N
embryos embryos . {ransgenic transgenic mice

genes .. offsprings . .
injected transferred mice from offsprings

anti | 520 411 32 7(3) 22

anti [ 259 186 27 7(2) 26

Total 779 597 59 14(5) 24

() : Number of dead offsprings after birth.
antiI, I : See Fig. 2.

N PP P P3s M 1 2 3

<4 697 bp

Fig. 3. Detection of transgene copy number by PCR assay. Lane N: non-transgenic mouse. Lane Pi-P;:
negative genomic DNAs mixed with microinjected genes show 1, 10 and 100 copies respectively.
Lane M: 100 bp ladder. Lane 1~5: transgenic mice with anti I gene. Lane 6~9: transgenic

mice with anti ]I gene. The bands formed in each lane show transgene copy number according
to the density.
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4 675 bp

4 343 bp

Fig. 4. RT-PCR analysis of the expressions of
antisense mob-genes. Lane N: non-tran-
sgenic mouse. Lane M: 100 bp ladder.
Lane 1: The 343 bp of PCR product
from transgenic mouse with anti]
gene, Lane 2: The 675 bp of PCR
product from transgenic mouse with
antill gene. ’

densitometry analysis (data not shown), the copy
number of transgene is approximately as follow: 5
copies in lane 2, 7 and 9; 10 copies in lane 3, 4
and 8; 20 copies in lane 5; 30 copies in lane 6; 40

copies in lane 1.

3. Expression of Antisense Qbese Gene

RT-PCR was perfomed with the adipose tissues
from transgenic and non-transgenic mice. As a
result of RT-PCR (Fig. 4), expressions of antisense
mob mRNAs were detected in transgenic mice but
not in non-transgenic mice. In the transgenic mice
with anti] and I genes, 343 and 675 bp bands
were respectively amplified by expressions of
antisense mRNAs,

IV. DISCUSSION

The transgenic technology of the mouse genome
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by transfer of exgenous DNA provides powerful
approaches for evaluating gene expression and
function in vivo system. A lot of reports have been
documented in researches to elucidate the
mechanism of human disease and to investigate
physiological characterization by the gene transfer
technology. Now, the transfer of foreign genetic
materials by pronuclear microinjection technology
(Gordon et al., 1980) is a popular method designed
to generate animal with an altered genotype.

There are many of reports available in antisense
transgenesis to reduce the expression of some
proteins. Type I glucocorticoid receptor and G gz,
were expressed at the low level of 30 and 5%,
respectively, in transgenic mice expressing the
antisense mRNA of their genes (Pepin et al., 1992;
Moxham et al., 1993). In the nucleus of-antisense
transgenesis, binding of the antisense RNA to the
transcribed RNA presumably blocks processing and
transport out of the nucleus (Erickson, 1999) or the
hybrid RNA strands, once formed, are rapidly
degraded by ribonucleases (Pepin et al., 1992). In
order to suppress leptin expression in vivo, there-
fore, we adopted the use of a construct to express
specific antisense 0b mRNA instead of gene
disruption.

Excluding some exprimental results, the general
trend is that the larger length of an antisense
construct is the more effective as an inhibitor
(Erickson, 1999). Mouse ob gene, including three
exons (Brousse et al, 1996), encodes a 4.5 kb
mRNA with a highly conserved 167 amino-acid
open reading frame (Zhang et al, 1994). In this
study, the antisense mob c¢DNAs of two different
lengths of 303 and 635 bp were successfully cloned
from mouse adipose tissues. The antisense mob
¢DNA of 303 bp long includes the exon 2 with a
starting ATG codon and the antisense mob cDNA
of 635 bp long partially includes exon 2 and 3 with
5" and 3° untranslated regions. Since leptin is



secreted from adipocytes (Zhang et al, 1994
Masuzaki et al, 1995), we used aP2 promoter,
which already verified by other researches (Hunt et
al, 1986; Moitra et al., 1998), to induce the
adipocyte-specific expression of antisense mob
mRNA.

There are three general ways in which alterations
of the leptin regulatory loop could lead to obesity.
One is a failure to produce leptin, another is
inappropriately low leptin secretion for a given fat
mass, the third is a obesity which results from
relative or absolute insensitivity to leptin at its site
of action (Friedman and Halaas, 1998). The result
of RT-PCR, the expression of antisense mob genes
was detected from adpose tissues of transgenic mice
and thus, it would be result in low leptin secretion
in the transgenic mice.

The gene for mouse leptin receptors was firstly
cloned from choroid plexus (Tartaglia et al., 1995)
and shown to be expressed in arcuate nucleus
(Arc), paraventricular nucleus and other hyperth-
alamic areas (Fei et al., 1997; Hakansson et al.,
1998). NPY and AGRP are co-localized in Arc
neurons (Broberger et al., 1998; Hahn et al., 1998)
and CART and POMC are co-localized in Arc
neurons (Elias et al., 1998). In the Arc, the
secretion of these peptides regulating the ingestive
behavior is regulated by leptin levels (Stephens et
al., 1995; Ahima et al., 1999; Ebihara et al., 1999;
Thornton et al., 1997, Kristensen et al., 1998).
Therefore, in our transgenic mice with antisense
mob genes, the secretion of NPY, AGRP, CART
and POMC might be modulated by central and
peripheral effects of low leptin level. Admini-
stration of leptin restored the decreased levels of
testosterone and LH caused by fasting to nearly
40% of control mice and blocked the delay of
estrus cycle caused by fasting (Ahima et al., 1996).
In the transgenic mice, reproductive physiology
might be affected by modulated leptin levels.
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However, the more detail analysis of the factors
will be carried out to reach our assumption.

In the present study, transgenic mice carrying
antisense mob transgene were generated by ligating
the adipose tissue specific aP2 promoter to a
reverse mob gene with a SV40 poly(A) site. Further
studies are required to examine the level of plasma
leptin and to investigate the physiological and
neural modulation caused by the decreased amount

of leptin in the transgenic mice.
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