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MITO-0OB: A TRANSGENIC MOUSE MODEL
FOR OBESITY

PRIOR APPLICATION INFORMATION

[0001] The mstant application claims the benefit of U.S.
Provisional Patent Application 61/847,160, filed Jul. 17,
2013.

BACKGROUND OF THE INVENTION

[0002] Obesity 1s a significant health problem. Obesity has
reached epidemic proportions globally, and the World Health
Organization estimates that there are more than 1 billion
overweight adults (BMI of 25.0-29.9), of which at least 300
million are obese (BMI of 30 or above) (Kanavos et al. 2012;
WHO). Obesity 1s associated with premature death through
increasing the risk of many chronic diseases, including type 2
diabetes, cardiovascular disease, and certain cancers (Kopel-
man 2007; Guh et al. 2009). In addition, obesity 1s associated
with respiratory difficulties, chronic musculoskeletal prob-
lems, lumbago, skin problems, and infertility (Brown et al.
2009). Most of the evidence proposing obesity-associated
health problems has been obtained from epidemiological
analyses of human subjects; the precise molecular mecha-
nisms ol obesity-associated health problems have not yet
been determined (Kanasaki and Koya 2010). To better under-
stand the underlying mechanisms of human disease, good
amimal models are essential. In addition, as the prevalence of
obesity 1s rising with 1ts socioeconomic consequences, the
quest to find new treatments or a cure 1s also increasing.
Pharmaceutical treatment 1s one avenue that has been pur-
sued, but currently there are only a limited number of com-
pounds on the market because many have failed or been
withdrawn because of side effects (Nilsson etal. 2011). Given
that the developmental process from 1nitial 1dea to marketed
product typically requires more than 10 years and the attrition
rate 1s notably high, it 1s important that amimal models used
are good surrogates for human obesity. A number of obese
rodent models (e.g. ob/ob, NZO, ZDF and diet-induced obe-
sity (DIO)) are currently used for the discovery and preclini-
cal testing of anti-obesity and anti-diabetic drugs (Kanasaki
and Koya 2010). These obese rodent models have some simi-
larities as well as some differences with obesity in humans.
For example, most obese humans do not have leptin defi-
ciency; mnstead, they have hyperleptinemia and leptin resis-
tance and thus generally do not respond with weight loss
during recombinant leptin treatment. This finding underlines
the fact that although the ob/ob mouse 1s indeed a valuable
and useful animal model of obesity, 1t does not reflect the
complete background of obesity in humans and will therefore
not always be predictive of the effect of pharmacological
treatments 1n humans. Similarly, one of the drawbacks of the
DIO rodent models 1s highly variable phenotype due to
genetic background of the rodent species used. In addition,
DIO models develop hyperinsulinemia but not always hyper-
glycemia, thereby making them good models for obesity but
not necessarily for type 2 diabetes. Likewise, there are some
advantages and disadvantages in other rodent models cur-
rently used 1n pre-clinical testing such as db/db mice, Zucker
rats and NZO mice models.

[0003] Most of obese animal models currently used have
been either selected through inbreeding or characterized fol-
lowing spontaneously arising mutations and are often asso-

ciated with increased food intake (Shafrir and Ziv, 2009).
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Irrespective of the origin, obesity 1s characterized by increase
in adipose tissue mass and imnvolves corresponding changes 1n
adipose tissue to synthesize and store excess fat. However,
obese animal model based on primary alterations 1n adipose
tissue independent of increase food itake or other defects 1s
not available.

[0004] Thus, there 1s a tremendous need for obese animal
models for preclinical testing that better mimic the develop-
ment of obesity and type 2 diabetes in humans in order to
better understand the molecular mechanisms of obesity and
obesity-associated health problems.

WAT Mitochondria in Whole Body Energy Homeostasis:

[0005] A major role has been established for white adipose
tissue ( WAT) in regulating energy intake, energy expenditure,
and msulin sensitivity (Guilherme et al. 2008 ; Kusminski and
Scherer 2012). In addition, recent studies have highlighted
the potential relevance of WAT mitochondria in the cellular
physiology of the adipocyte and 1ts impact on systemic meta-
bolic regulation (Kusminski and Scherer 2012; De Pauw et al
2009). The adipocyte interprets nutritional and hormonal
cues 1n 1ts microenvironment, and then coordinates 1ts mito-
chondrial response either to oxidize incoming fatty acid and
carbohydrate fuels through the tricarboxylic acid cycle and
the respiratory chain, or to store these fuels safely 1in the form
of triglycerides until whole-body energy requirements signal
for their release (Sun et al. 2011). Through their ability to
influence key biochemical processes central to the adipocyte,
such as fatty acid esterification and lipogenesis, as well as
their impact upon the production and release of key adipok-
ines, mitochondria play a crucial role in adipose tissue
homeostasis and determining systemic insulin sensitivity
(Kusminski and Scherer 2012; Rong et al. 2007; Wilson-
Fritch et al. 2004). The synchromized imitiation of adipogen-
esis and mitochondrial biogenesis indicates that mitochon-
dria play a pertinent role 1n the differentiation and maturation

of adipocytes (De Pauw et al 2009; Lu et al. 2010).

PHB 1n Mitochondnal Biology and Adipogenesis:

[0006] Prohibitin (PHB, also known as PHB1) 1s an evolu-
tionarily conserved protein that functions as a mitochondrial
chaperone and has a role in mitochondral biogenesis (Merk-
wirth and Langer 2009). The PHB gene has been mapped to
the chromosomel7ql2-g21 locus in humans (Sato et al.
1992). The locus 17921 has been 1dentified among chromo-
somal regions harboring genes intfluencing the propensity to
store fat 1in the abdominal area in a genome-wide scan (Pe-
russe et al. 2001). The siRNA-mediated knockdown of PHB
in Caenorhabditis elegans results 1in significant reduction 1n
intestinal fat content (Artal-Sanz and Tavernarakis 2009). In
addition, using 313-L1 preadipocytes we have recently
shown that PHB 1s an important target gene during adipogen-
es1s (Ande et al. 2012). Overexpression of PHB 1n preadipo-
cyte facilitates adipogenesis whereas silencing PHB has
inhibitory eflect on mitochondrial biogenesis and adipogen-
es1s (Ande et al. 2012; Liu et al. 2012). In addition, we have
shown that PHB inhibits insulin-stimulated fatty acid and
glucose oxidation 1n adipose tissue, which 1s mediated
through pyruvate carboxylase (Vessal et al. 2006), an impor-
tant enzyme 1n de novo fatty acid synthesis and glyceroneo-
genesis (Jitrapakdee et al. 2006). Collectively, these evi-
dences point towards a critical role of PHB 1n adipose tissue
homeostasis.
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SUMMARY OF THE INVENTION

[0007] According to a first aspect of the invention, there 1s
provided a transgenic mouse comprising increased adipose
tissue mass as compared to a wild-type mouse of the same
strain and an exogenous nucleic acid construct that comprises
a promoter operably linked to a gene encoding prohibitin.
[0008] According to a further aspect of the invention, there
1s provided a transgenic mouse, comprising a transgene, said
transgene comprising a polynucleotide encoding a mouse
prohibitin protein operably linked to at least a portion of a
regulatory region of a mouse aP2 promoter, wherein said
transgenic mouse develops obesity compared to a wild type
mouse of the same strain.

[0009] According to another aspect of the invention, there
1s provided a transgenic mouse whose genome comprises: a
DNA transgene encoding prohibitin.

[0010] According to yet another aspect of the invention,
there 1s provided a mouse transgenic fertilized egg compris-
Ing an expression construct comprising (a) a nucleotide
sequence encoding prohibitin and (b) a transcription-regulat-
ing sequence operatively linked to the nucleotide sequence.

[0011] According to another aspect of the invention, there
1s provided an 1solated totipotent mouse cell comprising an
exogenous nucleic acid construct that comprises prohibitin
operably linked to a suitable promoter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1. Photographs showing six months old Mito-
Ob female and male mice with theirr Wild-type (Wt) litter-
mates.

[0013] FIG. 2. Histograms showing kidney, liver and pan-
creas weight from Mito-Ob mice 1n comparison to their wild-
type littermates. Average values of five animals 1n each group
are shown.

[0014] FIG. 3. Growth curve and adipose tissue weight 1n
the Mito-Ob mice. (A) Upper panel: Histograms showing
body weight of the Mito-Ob mice and their wild-type (Wt)
littermates from three different transgenic lines at three
months of age (n=8 to 10 mice in each group). Lower panel:
Representative immunoblots showing prohibitin expression
levels in the WAT from three different Mito-Ob lines as shown
above (n=3). (B) Leit panel: Line graphs showing horizontal
activity levels in Mito-Ob mice and their Wt littermates.
Middle panel: Histograms showing food intake in Mito-Ob
mice during 3 to 6 months of age (n=8 to 12 mice in each
group ). Right panel: Line graph showing growth curve of the
Mito-Ob mice and their Wt littermates (n=10 to 12 mice 1n
cach group). Asterisk signs applicable to both sexes in com-
parison with respective wild-type mice. (C) Histograms
showing adipose tissue weight of 6 months old mice. (n==8
mice 1n each group). (D) Upper panel: Representative photo-
micrographs showing hematoxylin-eosin stained white adi-
pose tissue (WAT) from 6 months old mice (n=6 mice 1n each
group). A crown like structure, a sign of macrophage infiltra-
tion, 1s indicated with black arrowhead (» ). Scale bars, 20
um. Lower panel: Representative photomicrographs showing
hematoxylin-eosin staining of brown adipose tissue (BAT)
from 6 months old mice (n=6 mice 1 each group). Large
unilocular lipid droplets are shown with asterisk (*). Scale
bars, 20 um. Data are presented as mean+tSEM. Asterisks
indicate comparison between sex matched Mito-Ob vs Wt. *
P<0.03, ** P<0.01, *** P<0.001 by Student’s t test. NS, not

significant.
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[0015] FIG. 4. Ultrastructural analysis of adipose tissue
from the Mito-Ob mice. (A) Representative transmission
clectron micrographs (magnification 13,500x) of WAT show-
ing relative distribution of mitochondria (shown with » ) 1n
adipocytes from Mito-Ob and Wt mice (n=5 mice 1 each
group). * Indicates umilocular lipid droplets, n indicates
nucleus. Further magnified view 1s shown 1n the 1nset 1n each
case. Scale bars, 1 um. (B) Representative transmission elec-
tron micrographs (magnifications 19,000x) of BAT showing
changes in mitochondnial cristae structure (white arrowhead)
and larger fat droplet size (white asterisk) in Mito-Ob mice 1n
comparison with Wt mice (n=>5 mice 1n each group). Scale
bars 500 nm. (C) Histograms showing mitochondrial num-
bers, and mtDNA copy numbers in the WAT of Mito-Ob and
Wt mice as determined by real-time PCR (n=5). (D) Repre-
sentative immunoblots and histograms showing the expres-
sion levels of SDH-A and COX-I 1n the adipose tissue of
Mito-Ob mice (the ratio of SDH-A or COX-I in relation to
beta-actin; n=4 in each group). (E) Representative immuno-
blots showing expression level of marker proteins of mito-
chondrial biogenesis, fission and fusion (n=4). * P<0.05, **
P<0.01, *** P<(.001 by Student’s t test. Data are presented as
mean+SEM.

[0016] FIG. 5. The metabolic phenotype of the Mito-Ob
mice at s1x months of age. (A) Line graphs showing glucose
tolerance test (GTT, n=9 to 12 mice in each group ) and 1nsulin
tolerance test (ITT, n=7 to 9 mice 1n each group) 1n Mito-Ob
mice 1n comparison with Wt mice. Asterisks indicate com-
parison between Mito-Ob vs Wt male mice. * P<0.05, **
P<0.01, *** P<0.001 by Student’s t test. Data are presented as
meanxSEM. (B) Representative photomicrographs showing
hematoxylin-eosin stained histological sections of liver (up-
per panel, scale bars, 20 um) and pancreas (lower panel, scale
bars, 50 um) from Mito-Ob and Wt mice. (n=6 mice per
group). (C) Representative immunoblots showing expression
levels of different lipases 1in the WAT from Mito-Ob and Wt
mice (n=4). Beta-actin blot 1s included as loading control.
Line graphs insulin-induced free fatty acid uptake by WAT
from Mito-Ob and Wt mice. Data are presented as
meanxSEM (n=4). NS—Not significant. *Significantly dif-
ferent during entire time course (P<0.05-0.001).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention belongs. Although any methods and materials simi-
lar or equivalent to those described herein can be used 1n the
practice or testing of the present imvention, the preferred
methods and materials are now described. All publications
mentioned hereunder are incorporated herein by reference.
[0018] As discussed above, most of obese animal models
currently used have been either selected through inbreeding
or characterized following spontaneously arising mutations
and are olten associated with increased food intake and
reduced energy expenditure (Shafrir and Z1v, 2009). Irrespec-
tive of the origin, obesity 1s characterized by increase in
adipose tissue mass and involves corresponding changes 1n
adipose tissue to synthesize and store excess fat. However, an
obese animal model based on primary changes 1n adipose
tissue or other defects 1s not available.

[0019] As discussed herein, the inventors have developed
an obese mouse model by overexpressing the mitochondrial
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protein prohibitin (PHB) 1n white adipose tissue (WAT) spe-
cific manner driven by adipocyte protein 2 (aP2) promoter.
The inventors have named these mice “Mito-Ob” because
they begin to develop obesity as a result of mitochondrial
remodeling (upregulation of mitochondrial biogenesis and
function) 1n WAT, thus are comparable to polygenic obese
rodent models.

[0020] According to an aspect of the invention, there 1s
provided a transgenic mouse comprising increased adipose
tissue mass as compared to a wild-type mouse of the same
strain and an exogenous nucleic acid construct that comprises
a promoter operably linked to a gene encoding prohibitin.
[0021] As discussed below, preferably the prohibitin gene
comprises the nucleotide sequence as set forth in SEQ ID
No:2.

[0022] The promoter may be adipocyte protein 2 (aP2)
promoter and the aP2 promoter may comprise the nucleotide
sequence as set forth 1n SEQ ID No:1.

[0023] The exogenous nucleic acid construct may be nte-
grated mto the mouse genome.

[0024] According to another aspect of the invention, there
1s provided a transgenic mouse, comprising a transgene, said
transgene comprising a polynucleotide encoding a mouse
prohibitin protein operably linked to at least a portion of a
regulatory region of a mouse aP2 promoter, wherein said
transgenic mouse develops obesity compared to a wild type
mouse of the same strain. As will be appreciated by one of
skill 1n the art, obesity in this context refers to at least an
increase 1n adipose tissue. As discussed herein, the male
transgenic mice described are also nsulin resistant.

[0025] Preferably, the prohibitin protein comprises an
amino acid sequence deduced from the nucleotide sequence

as set forth in SEQ ID No:2.

[0026] Preferably, the aP2 promoter comprises the nucle-
otide sequence as set forth 1n SEQ ID No:1.

[0027] The transgene may be integrated into the mouse
genome.
[0028] According to another aspect of the invention, there

1s provided a transgenic mouse whose genome comprises: a
DNA transgene encoding prohibitin.

[0029] The prohibitin may be encoded by the nucleotide
sequence as set forth 1n SEQ ID No:2.

[0030] The transgene may be operably linked to aP2 pro-
moter and the aP2 promoter may have the nucleotide
sequence as set forth 1n SEQ ID No:1.

[0031] According to another aspect of the invention, there
1s provided a mouse transgenic fertilized egg comprising an
expression construct comprising (a) a nucleotide sequence
encoding prohibitin and (b) a transcription-regulating
sequence operatively linked to the nucleotide sequence.
[0032] As will be appreciated by one of skill in the art, such
a fertilized egg comprising the expression construct may be
generated using a variety ol means known 1n the art. The
tertilized egg may then be implanted into a suitable host for
generation of a transgenic mouse as described above.

[0033] Preferably, the nucleotide sequence encoding pro-
hibitin comprises the nucleotide sequence as set forth in SEQ

1D No:2.

[0034] The transcription-regulating sequence may be aP2
promoter.
[0035] Preferably, the aP2 promoter comprises the nucle-

otide sequence as set forth in SEQ ID No:1.
[0036] Preferably, the expression construct i1s integrated
into the genome of the mouse transgenic fertilized egg.
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[0037] According to another aspect of the invention, there
1s provided an 1solated totipotent mouse cell comprising an
exogenous nucleic acid construct that comprises prohibitin
operably linked to a suitable promoter.

[0038] Preferably, the exogenous nucleic acid construct

encoding prohibitin comprises the nucleotide sequence as set
forth in SEQ ID No:2.

[0039] Preferably, the suitable promoter comprises aP2
promodter.
[0040] Preferably, the aP2 promoter comprises the nucle-

otide sequence as set forth in SEQ ID No:1.

[0041] Preferably, the exogenous nucleic acid construct 1s
integrated into the genome of the mouse cell.

[0042] As discussed herein, Mito-Ob male mice develop
isulin resistance 1 addition to obesity and they do not
develop overt diabetes. In this aspect, the Mito-Ob mice share
similarities with a large portion of human obese population,
the group who are both obese and msulin resistance but are
not diabetic, as discussed below. The Mi1to-Ob mice therefore
are a valuable animal model for obesity and metabolic syn-
drome. Further, as discussed herein, Mito-Ob male mice fre-
quently show hyperglycemia thus 1n this aspect are similar to
ZDF, UCD-T2DM rats and NZO mice, which are widely used
for studies of anti-obesity and anti-diabetic drugs (Nilsson et
al 2011). Thus, Mito-Ob mice are umique 1n their initiation of
obesity that shares features of both polygenic DIO models
and a number of monogenic obese rodent models.

[0043] Consequently, the Mito-Ob mice are very useful not
only 1n the discovery and development of anti-obesity drugs
but also 1n revealing the role of WAT mitochondria 1n sys-
temic energy homeostasis and in the 1dentification of novel
target genes for the treatment ol obesity.

[0044] During the last three decades, the prevalence of
obesity has grown rapidly including children and youth (Pul-
garon 2013). Although factors that led to such a rapid increase
in obesity are not understood, transgenerational inherited fac-
tors appear to play an important role. For example, epidemio-
logical and animal studies suggest that pre- or peri-concep-
tional obesity of the mother or environmental exposures early
in life may affect metabolic programming in the offspring
(Tanumihardjo et al. 2007; Levin 2006; Boerschmann et al
2010). In addition, new evidence suggests that paternal meta-
bolic state may have similar influence 1n offspring. Irrespec-
tive of 1ts origin from maternal or paternal health status, these
transgenerational effects are now being explained by disrup-
tions at the level of epigenetic machinery (Soubry et al. 2013).
The Mito-Ob mice provide an opportunity to determine the
clfect of parental obesity, alone or combined together, with
and without insulin resistance on the development of obesity
in adult offspring 1n both F1 and F2 generations.

[0045] For example, Mito-Ob male mice may be crossed
with wild-type female mice of similar genetic background or
vice versa. In this way the ofispring will be exposed to either
paternal or maternal obese environment; making 1t possible to
then observe and compare health problems 1n Mito-Ob and
non-Mito-Ob adult offspring. Another scenario would be to
cross heterozygous Mito-Ob male and female mice and then
observe health problems 1n adult offspring as a consequence
of exposure to the obese environment of both parents. It 1s of
note that suitable partners for mating will be readily apparent
to one of skill 1n the art and/or may be readily determined,
depending of course on the specific environment desired.
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[0046] The novel Mito-Ob mouse models provide unique
opportunities for the discovery and testing new drugs and
identification of novel targets for the treatment of obesity and
potentially type 2 diabetes.

[0047] As described herein, the Mito-Ob male mice
develop obesity, insulin resistance and hyperglycemia 1n a
progressive manner thus provide a larger and distinct win-
dows for the discovery and testing of anti-obesity and anti-
diabetic drugs.

[0048] As will be readily apparent to one of skill 1n the art,
a wide variety of specific, well-defined diets for animal
research are available commercially. For example, high fat,
high protein or high carbohydrate diets may be used. Conse-
quently, as discussed herein, improved new models of pro-
gressive development of obesity and type 2 diabetes can be
developed by manipulating diet or by crossing Mito-Ob mice
with other mice models of obesity and type 2 diabetes.
[0049] In addition, the Mito-Ob mice are usetul to define 11
the 1mpact 1s mediated through epigenetic machinery (be-
yond F2 generations) or sitmply a mamfestation of exposures
to parental obesity during pre-conceptional and prenatal life.
[0050] For example, transgenerational obesity may be
mediated through an epigenetic mechanism or simply by
toxic effects of environmental exposures including the obese
environment of the parents. To distinguish the precise mecha-
nism involved and to confirm the involvement of epigenetics,
it 1s important to study the effect in offspring beyond second
(F2) generation. For example, the germ cells develop during
tetal life. So an obese pregnant mother can potentially atfect/
expose not only her baby (F1 generation) but also the germ
cells of the baby that are going to produce the second genera-
tion (F2).

[0051] Furthermore, the transgenic mice canalso beusedto
determine whether therapeutic intervention in obese parents
during or before pregnancy would reduce obesity develop-
ment 1n adult offspring,

[0052] The transgenic mice can also be used to investigate
how the offspring born to obese parents would respond to
postnatal environmental determinants (e.g. diet) on the devel-
opment of obesity and type 2 diabetes.

[0053] The transgenic mice can be used to study the under-
lying mechanisms involved in these processes and in the
identification of obesity biomarkers with special emphasis on

WAT mitochondria.

[0054] The transgenic mice can be used to mvestigate the
underlying mechanisms mvolved 1n the crosstalk between the
nucleus and mitochondria that 1s critical for mitochondrial
biogenesis.

[0055] On the basis of observed phenotype of Mito-Ob
mice, 1t 1s anticipated that these mice will also develop obesity
and type 2 diabetes associated health complications thus pro-
vide additional use of this novel mouse model.

[0056] In general, excess calorie intake along with reduced
energy expenditure has been considered as the cause of obe-
sty and this 1s supported by a number of rodent obese models
(Chua et al. 2007; Hummel et al. 1966; Trayhurn et al. 1982).
However, the mitiation of obesity development independent
of excess calorie intake has not been well explored. For
example, changes in the structural and functional components
of WAT mitochondria, which have been suggested to have a
role 1n the cellular homeostasis of the adipose tissue and
whole body energy homeostasis, may create such a condition.
However, there remain critical gaps 1n our understanding of
the relevance of WAT mitochondria 1n adipose tissue energy
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homeostasis and their impact upon systemic energy homeo-
stasis. This gap in knowledge may be attributed 1n part to the
lack of obese animal model based on mitochondria remodel-
ing in WAT specific manner, because the majority ol the obese
amimal models used for research studies develop obesity as a
result of excess calorie intake. To reduce this critical gap in
our knowledge and to explore the possibility of the mnitiation
ol obesity independent of high calorie intake, we developed
“Mito-Ob” mouse models by overexpressing the mitochon-
drial protein PHB 1n WAT specific manner. PHB 1s an impor-
tant protein 1n mitochondrial biogenesis and function and the
consequences of 1ts expression in adipocytes are hitherto
unknown. Our preliminary observations suggest that the
Mito-Ob mice begin to develop obesity as a result of mito-
chondrial remodeling that 1s independent of increased food
intake. Thus, our novel obese mouse models provide a unique
opportunity to study the development of obesity from WAT
perspective especially WAT mitochondnia.

[0057] The mventors hypothesized that upregulation of
mitochondrial biogenesis and function 1n WAT specific man-
ner will lead to increased adipose tissue mass. The obese
phenotype of Mito-Ob mice overexpressing mitochondrial
protein prohibitin (PHB), known to be imnvolved in mitochon-
drial biogenesis and function, 1n WAT specific manner con-
firms this hypothesis (FIG. 1). This would suggest that an
upregulation of mitochondrial biogenesis and function in
WAT as a result of environmental exposures might 1n part
underlie obesity development 1n humans that i1s currently
unexplored.

[0058] It 1s of note that obese rodent modes based on pri-
mary changes in white adipose tissue were not previously
available. Furthermore, 1t was not previously possible to
investigate the role of WAT mitochondra in adipose tissue
and systemic metabolic regulation. However, this model
opens the possibility of mnitiation of obesity development due
to primary changes in adipose tissue including adipose tissue
mitochondria. Increased food intake may be a manifestation
of such changes 1n the body.

[0059] 'To further establish the role of PHB 1n adipose tissue
homeostasis at the systems level and the role of WAT mito-
chondria 1n whole body metabolism, we developed Mito-Ob
mouse models by overexpressing PHB 1n WAT specific man-
ner. As expected, both male and female transgenic mice start
to gain weight from 3-4 weeks onward, become obese by 3-4
months, however only male transgenic mice become 1nsulin
resistant between 6-9 months of age 1n comparison to wild-

type (Wt) control littermates (FIG. 3B).

[0060] As discussed herein, the obese phenotype of Mito-
Ob mice affirms the emerging notion that prohibitin and adi-
pocyte mitochondria have a role 1n the regulation of adipose
tissue homeostasis and metabolic regulation (Wilson-Fritch
etal., 2004; Luetal., 2010; De pauw et al., 2009; Ande et al.,
2012; Artal-Sanz et al., 2009; Liu et al., 2012; Kang et al.,
2013). However, the metabolic consequences of obesity inthe
Mito-Ob mice are sex specific. This would suggest that intrin-
sic differences exist in the way adipose tissues are regulated
and/or respond to obesity development 1n male and female
mice despite similar underlying cause. The aP2 promoter
used 1n this study 1s primarily expressed 1n adipocytes and 1t
has been used recently in a stmilar work (Kusminski et al.,
2012). In addition, it 1s expressed in immune cells such as
macrophages (Fu et al., 2006). However, a similar effect of
PHB manipulation 1n adipocytes 1n vitro and 1n vivo (Ande et

al., 2012; Artal-Sanz et al., 2009; Liu et al., 2012; Kang et al.,
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2013) would suggest that the phenotype observed 1s most
likely due to the role of PHB 1n adipocytes.

[0061] PHB translocates between mitochondria to the
nucleus 1n response to estrogen (Dong et al, 2013). In addi-
tion, PHB has been associated with the function of mitochon-
drial transcription factor A (Tfam) and nuclear factor-like 2
(Nri-2) (Kasashima et al., 2008; Theiss etal., 2009). Tfam has
important roles in mitochondrial biology and Nri-2 regulates
transcription of nuclear-encoded mitochondrial proteins
(Kasashima et al., 2008; Athale etal., 2012). These evidences
along with the finding of upregulation of mitochondrial bio-
genesis 1n the WAT of the Mito-Ob mice would suggest a
potential role of PHB 1n mito-nuclear crosstalk that i1s
required for mitochondrial biogenesis. Furthermore, the
upregulation mitochondrial biogenesis markers in the WAT of
Mito-Ob mice suggest that PHB indeed has a role in this
process. An enhanced mito-nuclear crosstalk may be the

underlying mechanism behind increased mitochondral bio-
genesis 1n the WAT of Mito-Ob mice.

[0062] Men and women have distinct distributions of their
body fat, where subcutaneous fat tends to be predominant in
temales, whereas visceral fat 1s predominant 1n males (Bjom-
torp, 1996). It 1s the visceral fat that 1s related to obesity and
its complications (Bjorntorp, 1996). However, the paradox of
normal 1nsulin sensitivity along with increased visceral obe-
sity 1n the Mito-Ob female mice would suggest that 1t 1s not
the visceral obesity per se, but rather the functional status of
the adipose tissue such as the dynamics of lipid handling and
adipokines secretion that leads to obesity associated disor-
ders. For example, a differential regulation of adiponectin in
Mito-Ob male and female mice could be related to their
different metabolic status, as adiponectin promotes adipocyte
differentiation, insulin sensitivity, and lipid accumulation (Fu
et al., 2005); and adiponectin secretion has been reported to
correlate with mitochondrial function (Wang et al., 2013). In
this context 1t should be noted that estrogens, which have
protective elfects against obesity also have a role 1 mito-
chondnal biogenesis (Bjorntorp, 1996; Chen et al., 2009; Yao
et al., 2013). However, 1t 1s not known whether the role of
estrogen 1n mitochondral biology 1s linked to 1ts protective
elfect against obesity. The Mito-Ob female mice provide a
unique opportunity to dissect the relationship between estro-
gen, prohibitin, and mitochondria 1n adipose tissue biology
and 1n metabolic regulation.

[0063] In summary, the obese phenotype and sex speciiic
metabolic dysregulation in Mito-Ob mice established for the
first time an 1important role of PHB 1n adipose tissue biology
in mammals. Mi1to-Ob mice provide a valuable tool for obe-
sity research. Mito-Ob mice can be used to better define the
sex differences 1n obesity and associated health problems,
and the potential role of adipose tissue mitochondnia.

[0064] The mnvention will now be further described by way
of examples. However, the invention 1s not necessary limited
to or by the examples.

Cloning of PHB 1n aP2 Promoter Containing Vector:

[0065] The aP2 promoter-containing vector (pBS-aP2 pro-
moter (5.4 kb) polyA) was obtained from Addgene (Cam-
bridge, Mass.). Full length PHB clone was obtained from
Origene, USA (Cat #5C110973). This clone was digested
with Notl to release the full-length cDNA of PHB. Subse-
quently PHB cDNA was sub-cloned into the Notl site of
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pBS-aP2 promoter vector. The authenticity of the construct
was confirmed by DNA sequencing at the Cancer Care Mani-

[0066]
ID NO:2)

toba, Canada.

pBS-aP2 promoter

AAAGGGAACA

AGTCAGTGAG

GACATGATAA

CTAGAATGCA

TGATGCTATT

AALACAAGTTC

GCTTGGATCC

GGCCGCTCTA

GGAGGGTGCT

TTAAAGATGC

GGGGGCCAGA

TTTCCTCTGA

TGGTTCTCCC

TTATTTTTAA

TTTGACTGTC

ATTCCTTATG

CTTGGACACA

ATTAATACTG

GAACATAALA

TCTTTTGTTA

AATAAATAAT

GAATTCGGCA CGAGGGGAAT TCATGETGGAG

AAGCAGGTGT

GAGAGGGTCC
TGAGTCCATT

GGCAAGTTTG
TGAACTCTGC

CTTATATAAT
GACCGATTCC

GTGGAGTGCA
TCTCATCCCG

TGGGTACAGA
CACGTAATGT

ARLGCTGGAG
CGAGGAAGCG
GATACATTGA
GTGAAAAADA
GCTTTATTTG
TGCTTTAATA
GAATTCGCCC
GAACTAGTGG
ATGAGCCTCT
CCTGACCATG
TCATTTCCTT
GTCATGTTTT
TGGCAATGAT
CCATGAACAG
AALAGCTAAT

GATTTGCCTC
TTTGACCTTC
CAATAATGTG
ACTATCTTAG
GAATAGTGTT

GACATTTTAA

|

AGCAGAAGGA
GCCTGGCCTT
GTGGATGCTG
GGACATTGTG

AACCAATTAT

CTCCACCGCG
GAAGAGTCTA
TGAGTTTGGA
TGCTTTATTT
TAACCATTAT
AGATCTGATT
TATAGTGAGT
ATCCCCCGGG
GAAGTCCAGA
TGACTGTAGG
CATGACCAGA
TAATAGAAAT
CACTGGACTT
AGTATTTTAA
GCATTGAACT

ATTGETGGAGG

TTATCTTGAG

TTTAGTTCTT

AGATTCTTAG

TATCTCACGA

AGTAGC

AACATGGCTG

AGCTGTTGCA

GGCACAGAGC

GTAGGGGAAG

CTTTGACTGC

(SEQ ID NO:

GTGGAGCTCG

GAGTCGACCA

CAAACCACAA

GTGAAATTTG

AAGCTGCAAT

CGAATTCCAA

CGTATTACGC

CTGCAGCACA

TAGCTCACTT

AGTGACCAAT

CCCTGTATGT

TTCTCAACTT

AGAGTACAAA

AGGTTCCTGT

TCCCCCCATT

AGACAATTAT

TTTTTATTTT

CTGAATTTGA

TCTTAATGGC

ATTTTAACAA

826

OriGene sequence for PHB (NM_ 002634) (S.

GTCAGAGTGG

CCAALAGTGTT

GGAGGCGETGGE

TGTCATCTTT

GGACTCATTT

CGTTCTCGAC

1)

—
—
LS

Q

PHB sequence begins here at “G” (shown with arrow); trans-
lation 1nitiation site (ATG) shown below 1n “underline”
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-continued

GCCAGTCATC ACTGGTAGCA AAGATTTACA GAATGTCAAC
ATCACACTGC

GCATCCTCTT CCGGCCTGTC GCCAGCCAGC TTCCTCGCAT
CTTCACCAGC

ATCGGAGAGG ACTATGATGA GCGETGTGCTG CCGTCCATCA
CAACTGAGAT

CCTCAAGTCA GTGGETGGCTC GCTTTGATGC TGGAGAACTA
ATCACCCAGA

GAGAGCTGGT CTCCAGGCAG GTGAGCGACG ACCTTACAGA
GCGAGCCGCC

ACCTTTGGGC TCATCCTGGA TGACGTGTCC TTGACACATC
TGACCTTCGG

GAAGGAGTTC ACAGAAGCGG TGGAAGCCAA ACAGGTGGCT
CAGCAGGAAG

CAGAGAGGGC CAGATTTGETG GTGGAAAAGG CTGAGCAACA
GAAAALAGGCG

GCCATCATCT CTGCTGAGGG CGACTCCAAG GCAGCTGAGC
TGATTGCCAA

CTCACTGGCC ACTGCAGGGG ATGGCCTGAT CGAGCTGCGC
AAGCTGGAAG

CTGCAGAGGA CATCGCGTAC CAGCTCTCAC GCTCTCGGAA
CATCACCTAC

CTGCCAGCGG GGCAGTCCGT GCTCCTCCAG CTGCCCCAGT
GAGGGCCCAC

CCTGCCTGCA CCTCCGCGEEE CTGACTGGGEC CACAGCCCCG
ATGATTCTTA

ACACAGCCTT CCTTCTGCTC CCACCCCAGA AATCACTGTG
AR 992

[0067] Itis of note that this promoter was selected because
it has been used before to develop WAT specific animal mod-
els.

[0068] The inventors have shown that prohibitin has an
important role 1n adipogenesis/overexpression of prohibitin
in 3T3-L1 cell culture system increases adipogenesis. Fur-
thermore, mitochondral biogenesis 1s involved 1n adipogen-
es1s and prohibitin 1s known to have a role 1n mitochondrial
biogenesis. Thus, the mnventors” hypothesis was that overex-
pression of prohibitin 1n WAT will upregulate mitochondrial
biogenesis and will leads to obesity development.

Generation of Mito-Ob Transgenic Mice

[0069] The aP2 promoter containing PHB clone was
digested with Sacl and Kpn1 to release the fragment contain-
ing aP2 promoter with full length PHB. The aP2-PHB DNA
was purifled and used to generate Mito-Ob mice by pro-
nuclear injection of aP2-PHB DNA in CD1 zygotes. This
procedure was carried out at the transgenic and knockout
mice facility at Unmiversity of Manitoba, Winnipeg, Canada.
Founder animals were 1dentified by PCR amplification of tail

genomic DNA using the following primers. Forward Primer:
S' GCAGCCCGGGGGATCCACTA 3' (SEQ ID NO:3) and

Reverse Primer: 5' GCACACGCTCATCAAAGTCCTCTC-
CGATGCTG 3' (SEQ 1D NO:4).

[0070] Founder male mice were mated with CD1 female
mice to obtain the Mito-Ob transgenic progeny as per stan-
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dard protocol. The Mito-Ob transgenic mice were 1dentified
by genotyping the tail DNA by PCR using above-mentioned
primers. All the procedures mvolving Mice were done
according to the animal use protocol of the University of
Manitoba, Winnipeg, Canada.

[0071] As discussed above, FIG. 4 demonstrates that over-
expression of PHB 1n WAT upregulates mitochondrial bio-
genesis. Specifically, panels A-C are representative transmis-
s1on electron micrographs (TEM) of adipocytes from Mito-
Ob mouse showing an abundance of mitochondra in the
different areas of adipocyte. This can be contrasted with panel
D, a TEM of adipocyte from wild-type (Wt) mouse which 1s
shown as a control.

[0072] FIG. 3C demonstrates the increased adipose depot
weight in Mito-Ob mice. Histograms showing brown fat
(BF), sub-cutaneous fat (SCF) and visceral fat (VF) weight
from Mito-Ob mice in comparison to their wild-type litter-
mates. As can be seen, all types of fat are increased signifi-
cantly.

[0073] FIG. 2 provides histograms showing kidney, liver
and pancreas weight from Mito-Ob mice 1n comparison to
their wild-type littermates. Average values of five amimals 1n
cach group are shown. As can be seen, there 1s a noticeable
increase in the weight of the liver.

[0074] As can be seen 1in FIG. 5A, Mito-Ob mice have
impaired glucose metabolism. Line graphs showing glucose
tolerance test (GTT) 1n Mito-Ob males and females 1n com-
parison to their wild-type littermates. Average values of five
amimals 1n each group are shown. Specifically, Mito-Ob mice
are slower to clear glucose from their blood.

[0075] As can be seen 1n FIG. SA, Mito-Ob male mice
develop 1nsulin resistance. Line graphs showing insulin tol-
erance test (I'TT) 1n Mito-Ob males and females 1n compari-
son to their wild-type littermates. Average values of five ani-
mals in each group are shown. Specifically, the Mito-Ob mice
are slower to clear glucose from their blood 1n response to
insulin 1njection.

Growth Curve and Adipose Tissue Weight

[0076] Both male and female Mito-Ob mice initially
weighed similar to their wild-type littermates; however, they

started to gain weight around one month onwards and became
significantly obese (P<0.001) by 2-3 months of age (FIG. 3A,

FIG. 3B), without any founder effect (FIG. 3A). No differ-
ence 1n food intake was found between Mito-Ob and wild-

type mice (FI1G. 3B); however, areduction 1n horizontal activ-
ity levels was observed 1n Mito-Ob mice (FIG. 3B). These

results suggest that PHB overexpression 1n mice adipocytes
leads to obesity development independent of food intake.

[0077] Female Mito-Ob mice accumulated more visceral
tat, but less BAT, than male Mito-Ob mice (FIG. 3C), whereas
subcutaneous fat mass increased similarly in Mito-Ob female
and male mice (FIG. 3C). Collectively, these data indicate
that PHB overexpression 1 mice adipocytes leads to
increased adipose tissue mass, with sex related differential
elfects on brown and visceral fat depots.

Histology of Adipose Tissue

[0078] Consistent with an increase in the adipose tissue
mass 1n Mito-Ob mice, adipocyte hypertrophy was apparent
in the WAT from Mito-Ob mice (FIG. 3D). In addition, WAT
from male Mito-Ob mice showed increased distribution of
crown like structures, a sign of macrophage nfiltration (FIG.
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3D). Male Mito-Ob mice also had increased fat accumulation
in BAT (FI1G. 3D). These data indicate that PHB overexpres-
s1on 1n adipocytes leads to adipocyte hypertrophy, implying
increased triglycerides synthesis and/or storage in WAT of
Mito-Ob mice.

Ultrastructural Analysis of Adipose Tissue

[0079] TEM showed an increase in mitochondrial number
and their distribution throughout the cytoplasmic rim of white
adipocytes 1n Mito-Ob mice vs. wild-type controls (FI1G. 4A).
The mitochondria 1n these adipocytes were predominantly
clongated 1n Mito-Ob, but round 1n wild-type mice (FI1G. 4A).
In contrast, BAT had similar mitochondrial content 1n Mito-

Ob and wild-type mice (FIG. 4B). However, a reduction 1n
mitochondrial size was observed in BAT from Mito-Ob male
mice (FIG. 4B).

[0080] To confirm mitochondrial biogenesis in the WAT of
Mito-Ob mice, mitochondrial DNA copy numbers and mito-
chondnal protein (SDH-A, Cox-I, (PGC-1a, DNA poly-vy A,
TTam etc.) levels were determined. Both were significantly
upregulated (P<<0.05-0.001) in Mito-Ob mice (FIG. 4C-E).
Collectively, these results indicate that PHB overexpression
in adipocytes induces mitochondrial biogenesis.

Systemic Metabolism i Mito-Ob Mice

[0081] Only Mito-Ob males were found to have signifi-
cantly impaired glucose (P<0.05-0.001) and insulin (P<0.05-
0.01) tolerance (FIG. 5A). Mito-Ob female mice had insulin
sensitivity similar to wild-type animals (FIG. SA). A sign of
hepatic steatosis was also found 1n the liver of Mito-Ob mice
(FIG. 5B). The data indicates that obesity 1n Mito-Ob mice
have sex specific metabolic impairment. Among lipid param-
cters, serum triglycerides, glycerol and cholesterol levels
were significantly decreased (P<0.001) 1n Mito-Ob female
mice, whereas free fatty acid levels were significantly
increased (P<0.01) 1n Mito-Ob male mice (Table 1).

[0082] Serum insulin levels were sigmificantly higher (P<0.
01) in Mito-Ob male mice vs. wild-type littermates ('Table 1).
However, Mito-Ob female mice had insulin levels as wild-
type littermates (Table 1). Among adipokines, adiponectin
levels were increased (P<0.05) only 1n Mito-Ob female mice
(Table 1), whereas leptin levels were higher in Mito-Ob male
mice than in females (Table 1). Resistin levels were
unchanged in the Mi1o-Ob male mice (Table 1).

WAT Lipase Levels 1in the Mito-Ob Mice

[0083] Next, the expression levels of adipose triglyceride
lipase (ATGL), hormone sensitive lipase (HSL) and lipopro-
tein lipase (LPL) in WAT were analyzed. ATGL and HSL
were upregulated in both male and female Mito-Ob mice vs.
wild-type mice; however, their levels were higher in Mito-Ob

male mice than M1o-Ob female mice (FIG. 5C). LPL protein
levels were decreased 1n Mito-Ob male mice, whereas [L.PL

levels remain unchanged in Mito-Ob female mice (FIG. 5C).
FFA uptake was significantly decreased in Mito-Ob male
(F1G. 5C) without any significant change 1n fatty acid oxida-
tion.

Materials and Methods

Body Weight and Food Intake.

[0084] The ammals were given normal chow (LabDxet, St.
Louis, Mo.). Body weight of Mito-Ob and wild-type mice
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was recorded on a weekly basis after weaning and food intake
during 3 to 6 months of age was determined (Chen and Nyo-

mba, 2003).

Physical Activity.

[0085] Horizontal activity levels were measured using a
metabolic cage system (AccuScan, Columbus, Ohio), and
data were collected for every 5 minutes for 24 hours (Kim et

al., 2008).

Histology.

[0086] Adipose tissues from six months old Mito-Ob and
Wt littermates were fixed in buifered formaldehyde and sub-
sequently dehydrated, embedded 1n paraffin, and 5 um sec-

tions were stained with hematoxylin-eosin (Nguyen at al.,
2011).

Western Immunoblotting.

[0087] Adipose tissue lysates from Mito-Ob and wild-type
mice containing equal amount of proteins (~135 ug/lane) were
separated by SDS-PAGE and subsequently analyzed by
immunoblotting (Ande et al., 2012; Nguyen et al., 2011).
MitoBiogenesis™ Western blot cocktail (Abcam Inc.) was
used to determine succinate dehydrogenase-A (SDH-A) and
cytochrome ¢ oxidase-I (COX-I) protein levels 1n adipose
tissue.

Transmission Electron Microscopy (TEM).

[0088] Adipose tissues were excised 1nto small pieces (<1
mm”) and fixed with 2.5% glutaraldehyde in 0.1 M PBS
builer (pH 7.4) for 3 hours. Each specimen was post-fixed in
1% osmium tetroxide for 1 hour before embedding in Epon
resin. TEM was performed with a Philips CM10, at 80 kV, on
ultra-thin sections (100 nm) and stained with uranyl acetate
and counterstained with lead citrate.

Mitochondrial DNA (mtDNA).

[0089] mtDNA copy number 1n adipose tissue was deter-
mined by real-time PCR (Kelly et al., 2012).

Measurement of Adipokines and Hormones.

[0090] Serum adipokines and hormones were measured
using mouse Bio-Plex Pro™ Assays Diabetes panel and Bio-
Plex 200™ multiplex suspension array systems (Bio-Rad,
Hercules, Calif.) as per manufacturer’s protocols.

Glucose and Insulin Tolerance Tests (GTT and ITT).

[0091] GTT and I'TT 1in 6 months old mice were performed
as s described (Nguyen et al., 2011).

Measurement of Cholesterol, Triglycerides and Free Fatty
Acids (FFA).

[0092] Serum cholesterol (Molecular Probes, Eugene,
Oreg.), triglycerides and free fatty acid levels were measured
using Kkits from BioAssay Systems (Hayward, Calif.). FFA
uptake and oxidation were measured using kits from (Abcam
Inc.).

Statistical Analysis.

[0093] All statistical analyses were performed using
GraphPad Prism 6. Experimental results are shown as
mean=SEM. Two-tailed Student’s unpaired t-tests were per-
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formed to compare sex-matched Mito-Ob and wild-type lit-
termates, unless indicated otherwise. P<0.05 was considered
significant.

[0094] The scope of the claims should not be limited by the
preferred embodiments set forth 1n the examples, but should
be given the broadest interpretation consistent with the
description as a whole.
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[0100] Brown WYV, FujiokaK, Wilson P W, and Woodworth
K A, “Obesity: why be concerned?” The American Journal
of Medicine, vol. 122, no. 4, pp. S4-S11, 2009.

[0101] Chen J Q, Cammarata P R, Baines C P, Yager J D

(2009) Regulation of mitochondrial respiratory chain bio-
genesis by estrogens/estrogen receptors and physiological,

TABLE 1

Serum hormones, adipokines and lipid profile in Mito-Ob and Wt mice at 6 months
of age. Data are presented as mean + SEM (n =5 to 9 in each group).

Female Male

Wt Mito-Ob Wt Mito-Ob

Fasting Fed Fasting Fed Fasting Fed Fasting Fed

Insulin 1.1+ 3.1+ 13=% 3.8 1.6 £ 7.5 £ 658+ 143 +
(ng/ml) 0.1 0.7 0.2 0.9 0.3 0.9 0.9%* 1.5%*
Glucagon 0.7 06 0.5« 0.6 £ 0.3 = 0.4 + 04 = 0.3 £
(ng/ml) 0.1 0.1 0.04 0.1 0.04 0.03 0.03 0.03
Ghrelin 53+ 26+ 116+ 28+ 4.8 £ 2.3 £ 2.7 + 0.7 £
(ng/ml) 0.5 0.5% 1.6%* 0.8 0.4 0.3 Q. 3%%Fx  ( ]***
GIP 04+ 03+ 03+ 0.3+ 0.4 + 03+ 0.3 = 0.6 +
(ng/ml) 0.08 0.04  0.03 0.06 0.09 0.03 0.04 0.08*
GLP-1 03+ 02+ 02+ 0.2 + 0.1 + 0.2+ 0.2 + 0.2 +
(ng/ml) 0.05 0.02 0.02 0.05 0.01 0.02 0.03 0.03
Adiponectin 123+ 60+ 143+ 8.3 + 6.3 £ 4.8 + 7.2 = 5.6 £
(ug/ml) 0.5 0.6 1.9 0.6% 0.2 0.2 0.4 0.6
Leptin 75 49+ 6.1+ 8.6 + 8.6 £ 11.0+ 144+ 142+
(ng/ml) 1.5 1.0 1.7 1.3 2.1 2.8 1.0% 1.6
Resistin 24+ 1.1 1.8+« 1.9 £ 1.1 = 1.2 + 0.8 = 1.1 £
(ng/ml) 0.3 0.1 0.2 0.1 0.1 0.1 0.1 0.1
Cholesterol 648 £ 716+ 558+ 394+ 508+ 748 600 £+ 643 =
(ug/ml) 19.0 18.8 69.1 35.3% 59.4 58.8 59.2 20.6
Free fatty acids 0.8 0.7 09=« 0.4 £ 0.9 = 0.9 £ 0.8 = 1.6 £
(mM) 0.1 0.1 0.2 0.1 0.2 0.1 0.1 0.1%*
Glycerol 14+ 1.1+ 0.6=% 0.5 £ 0.6 = 1.0 £ 0.8 = 0.7 £
(mM) 0.08 0.12 0.04%%x (04%** (.14 0.04 0.02 0.09
Triglycerides 14+ 14+ 04= 0.3 £ 1.1 + 1.5 £ 1.5 + 1.0 £
(mM) 0.23 0.23 0.04%%x (05%** (.14 0.15 0.08 0.16

Asterisk signs applicable to both sexes (Mito-Ob) m comparison with respective wild-type mice. Comparison

shown are sex matched fasting vs. fasting or fed vs fed between Wt and Mito-Ob.
*P <0.05,

¥*¥pP < 0.01,
*EEP < 0.001 by Student’s t test.
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<160>
<210>
<211l>
<212>
<213>
<400>
aaagggaaca
gaagagtcta
ctagaatgca
taaccattat
gcttggatcc
atccceccecgygy
ttaaagatgc
catgaccaga
tggttctccce
agtattttaa
attccttatyg
ttatcttgag
gaacataaaa
tatctcacga
<210>
<21ll>
<212>
<213>
<400>
gaattcggca
agcagaagga
agctgttgca
tgtcatcttt
tctcatccceg
gccagtcatc
ccggectgtce
gcgtgtgctyg
tggagaacta
gcgagccgcec
gaaggagttc
cagatttgtg
cgactccaag
cgagctgcgc

catcacctac

SEQ ID NO 1
LENGTH
TYPE :
ORGANISM: mouse

826
DNA

SEQUENCE: 1

aaagctggag
gagtcgacca
gtgaaaaaaa
aagctgcaat
gaattcgccce
ctgcagcaca
cctgaccatyg
ccetgtatgt
tggcaatgat
aggttcctgt
gatttgcctc
CCLCCtatttet
actatcttag

attttaacaa

SEQ ID NO 2
LENGTH
TYPE :
ORGANISM: mousge

502
DNA

SEQUENCE: 2

cgaggggaat

aacatggctyg

ggaggcdtgg

gaccgattcc

tgggtacaga

actggtagca

gccagccagc

ccgtcecatca

atcacccaga

acctttgggc

acagaagcgyg

gtggaaaagg

gcagctgagc

aagctggaag

ctgccagcgy

10

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 4

ctccaccygey

gacatgataa

Cgctttattt

aaacaagttc

tatagtgagt

ggagggtgcet

tgactgtagy

tttcctetga

cactggactt

tttgactgtc

attgtggagyg

attaatactyg

agattcttag

aataaataat

tcatgtggayg

ccaaagtgtt

tgaactctgc

gtggagtgca

aaccaattat

aagatttaca

ttcctegeat

caactgagat

gagagctggt

tcatccectgga

tggaagccaa

ctgagcaaca

tgattgccaa

ctgcagagga

ggcagtccgt

gtggagctcg
gatacattga
gtgaaatttyg
tgctttaata
cgtattacgce
atgagcctct
agtgaccaat
gtcatgtttt
agagtacaaa
aaaagctaat
agacaattat
caataatgtg
tcttaatggce

gacattttaa

gtcagagtgg

tgagtccatt

cttatataat

ggacattgtg

ctttgactgc

gaatgtcaac

cttcaccagc

cctcaagtca

ctccaggcayg

tgacgtgtcc

acaggtggct

gaaaaaggcyg

ctcactggcc

catcgcgtac

gctcctocag

agtcagtgag
tgagtttgga
tgatgctatt
agatctgatt
ggccgcetcta
gaagtccaga
ggggdccaga
taatagaaat
Cttatttttaa
gcattgaact
cttggacaca
Cttagttctt
CCCLtttgtta

agtagc

aagcaggtgt

ggcaagtttyg

gtggatgctg

gtaggggaag

cgttctcgac

atcacactgc

atcggagagg

gtggtggcetce

gtgagcgacyg

ttgacacatc

cagcaggaag

gccatcatct

actgcagggg

cagctctcac

ctgccceccagt

cgaggaagcyg
caaaccacaa
gctttatttyg
cgaattccaa
gaactagtgg
tagctcactt
Ccatttcctt
CCctcaactt
ccatgaacag
tccccoccatt
tttgaccttc
ctgaatttga

gaatagtgtt

gagagggtcc
gcctggeoctt
ggcacagagc
ggactcattt
cacgtaatgt
gcatcctcett
actatgatga
gctttgatgc
accttacaga
tgaccttcgyg
cagagagggc
ctgctgagdy
atggcctgat

gctctcggaa

gagggcacac

60

120

180

240

300

360

420

480

540

600

660

720

780

826

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500
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-continued

cctgectgeca cctecgeggg ctgactgggce cacagceccceg atgattcectta acacagectt 960

ccttetgete ccaccccaga aatcactgtg aa

<«210> SEQ ID NO 3

<«211> LENGTH: 20

<«212> TYPE: DNA

«<213> ORGANISM: artificial
«<220> FEATURE:

002

223> OTHER INFORMATION: Primer for identification of transgene positives

<400> SEQUENCE: 3

gcagcccggg ggatccacta

<210> SEQ ID NO 4

«211> LENGTH: 232

<«212> TYPE: DNA

<213> ORGANISM: artificial
«220> FEATURE:

20

<223> OTHER INFORMATION: primer for identification of transgene posgitives

<400> SEQUENCE: 4

gcacacgctce atcaaagtcc tctceccgatge tg

1. A transgenic mouse comprising increased adipose tissue
mass as compared to a wild-type mouse of the same strain and
an exogenous nucleic acid construct that comprises a pro-
moter operably linked to a gene encoding prohibitin.

2. The transgenic mouse according to claim 1 wherein the
prohibitin gene comprises the nucleotide sequence as set
forth 1n SEQ ID No:2.

3. The transgenic mouse according to claim 1 wherein the
promoter 1s adipocyte protein 2 (aP2) promoter.

4. The transgenic mouse according to claim 3 wherein the
aP2 promoter comprises the nucleotide sequence as set forth
in SEQ ID No:1.

5. The transgenic mouse according to claim 1 wherein the
exogenous nucleic acid construct 1s integrated into the mouse
genome.

6. A transgenic mouse, comprising a transgene, said trans-
gene comprising a polynucleotide encoding a mouse prohib-
itin protein operably linked to atleast a portion of a regulatory
region of a mouse aP2 promoter, wherein said transgenic
mouse develops obesity compared to a wild type mouse of the
same strain.

7. The transgenic mouse according to claim 6 wherein the
prohibitin protein comprises an amino acid sequence deduced
from the nucleotide sequence as set forth in SEQ ID No:2.

8. The transgenic mouse according to claim 6 wherein the
aP2 promoter comprises the nucleotide sequence as set forth
in SEQ ID No:1.

9. The transgenic mouse according to claim 6 wherein the
transgene 1s mtegrated into the mouse genome.

10. A transgenic mouse whose genome comprises: a DNA
transgene encoding prohibitin.

11. The transgenic mouse according to claim 10 wherein
the prohibitin 1s encoded by the nucleotide sequence as set
forth 1n SEQ ID No:2.

12. The transgenic mouse according to claim 10 wherein
the transgene 1s operably linked to aP2 promoter.

32

13. The transgenic mouse according to claim 10 wherein
the aP2 promoter comprises the nucleotide sequence as set
forth in SEQ ID No:1.

14. A mouse transgenic fertilized egg comprising an
expression construct comprising (a) a nucleotide sequence
encoding prohibitin and (b) a transcription-regulating
sequence operatively linked to the nucleotide sequence.

15. The mouse transgenic fertilized egg according to claim
14 wherein the nucleotide sequence encoding prohibitin com-
prises the nucleotide sequence as set forth in SEQ ID No:2.

16. The mouse transgenic fertilized egg according to claim
14 wherein the transcription-regulating sequence comprises
aP2 promoter.

17. The mouse transgenic fertilized egg according to claim
16 wherein the aP2 promoter comprises the nucleotide
sequence as set forth in SEQ ID No:1.

18. The mouse transgenic fertilized egg according to claim
14 wherein the expression construct 1s integrated into the
genome of the mouse transgenic fertilized egg.

19. An 1solated totipotent mouse cell comprising an exog-
enous nucleic acid construct that comprises prohibitin oper-
ably linked to a suitable promoter.

20. The 1solated totipotent mouse cell according to claim
19 wherein the exogenous nucleic acid construct encoding
prohibitin comprises the nucleotide sequence as set forth in
SEQ ID No:2.

21. The 1solated totipotent mouse cell according to claim
19 wherein the suitable promoter comprises aP2 promoter.

22. The 1solated totipotent mouse cell according to claim
21 wherein the aP2 promoter comprises the nucleotide
sequence as set forth in SEQ ID No:1.

23. The 1solated totipotent mouse cell according to claim
14 wherein the exogenous nucleic acid construct 1s integrated
into the genome of the mouse cell.
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