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MODULATION OF LAMININ ALPHA-4 IN
THE PREVENTION, TREATMENT, AND
MANAGEMENT OF METABOLIC
SYNDROMES

BACKGROUND

[0001] Obesity continues to increase both domestically
and abroad, with the World Health Organization reporting
that worldwide obesity rates have doubled since 1980. Over
one billion adults 20 years of age or older are overweight
with an estimated 500 million of these defined as obese.
Obesity is a major risk factor for several chronic diseases,
contributing to a dramatic increase in morbidity and mor-
tality due to type 2 diabetes, hypertension, heart disease, and
other malignancies [1]. These issues with weight control
result in a greater than $190 billion annual burden on US
healthcare, and it has been suggested that the negative
effects of obesity outweighs the positive effects of smoking
cessation on the overall health of the population [2].
[0002] The ability to modulate adipose expansion and
function would be a tremendous benefit to healthcare. Adi-
pocytes are complex endocrine cells involved in insulin
sensitivity, feeding behavior, and neuroendocrine function.
A number of soluble hormones and growth factors have been
shown to have an influence on adipose insulin sensitivity
and expansion. However, little attention has been paid to the
contribution to this process made by interactions between
adipocytes and the extracellular matrix (ECM). Adipocytes
are in constant contact with a network of insoluble proteins
and polysaccharides known as the ECM. ECM interactions
in adipose tissue can be divided into two major categories:
(1) interactions with basement membranes (BM), a thin
layer sheet surrounding differentiated adipocytes, and (2)
interactions with stromal, or interstitial, ECM that occur
when adipocytes invade the tissue stroma during adipose
expansion. In other tissues, it is well-known that interactions
with the ECM can regulate cell growth, differentiation, and
migration, and influence tissue development and repair
[3-7]. Little is known about the influence of the ECM on
adipose tissue, however.

[0003] While adipose-ECM interactions have not been
studied extensively, there is some evidence that the ECM
plays an important role in regulating adipogenesis and
adipocyte function [8]. The synthesis and remodeling of
ECM molecules is enhanced during adipogenesis [9] [10].
Differentiating preadipocytes degrade the local matrix,
invade the surrounding stroma, and then synthesize new
ECM components as they mature [11]. The ECM surround-
ing preadipocytes transitions from fibronectin-rich to lami-
nin-rich during differentiations, primarily through an
increase in an o4 chain containing BM protein laminin [12].
In cell culture models, a preadipocyte cell line has been
shown to express laminin, entactin and collagen IV during
differentiation [13]. Laminins LN-411 and LN-421, laminin
isoforms consisting of a triple helix of the a4, f1 or f2 and
v1 chains, are expressed in excess of other isoforms at this
time [14]. The a4 chain of laminin is present in the BM
surrounding fully differentiated adipocytes and is upregu-
lated during differentiation. The potential importance of the
a4 chain laminins in the BM surrounding adipocytes, how-
ever, has not been elucidated.

SUMMARY

[0004] The disclosure provides methods for influencing or
controlling basement membrane physiology in adipose tis-
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sue by providing modulators of laminin a4 expression,
and/or activity. Improved ability to control adipose tissue
structure and/or function is a major goal of health profes-
sionals and is expected to improve the health and quality of
life of mammalian subjects, including a large segment of the
human population.

[0005] One aspect of the disclosure provides a method of
preventing or treating metabolic syndrome in a subject
comprising administering an effective amount of an inhibitor
of laminin a4. The inhibitor of laminin o4 is an inhibitor of
laminin a4 activity and/or expression. In various embodi-
ments, the level of laminin a4 is inhibited, i.e., reduced
relative to wild-type levels of laminin a4, or the activity of
laminin a4 is inhibited, such as by affecting, e.g., disrupting,
cellular interactions, or by affecting both the level of expres-
sion of laminin o4 and laminin a4 activity. In some embodi-
ments, the metabolic syndrome is insulin deficiency, insulin
resistance, type 1 diabetes, type 2 diabetes, hypercholester-
olemia, or a lipoatrophy. Embodiments are also contem-
plated wherein the inhibition of laminin a4 does not del-
eteriously change the serum level of at least one compound
selected from the group consisting of glucose, a free fatty
acid, and a triglyceride. Those of skill in the medical arts
understand that changes in the serum levels of these com-
pounds are reflective of improving or worsening health
conditions, and can readily recognize whether a change is
indicative of an improvement or is indicative of the onset or
worsening of a metabolic syndrome condition, i.e., is a
deleterious change.

[0006] In some embodiments of the method, there is no
reduction in food intake by the subject, and some embodi-
ments provide a method wherein food intake by the subject
exceeds the caloric intake recommendation of the USDA
Recommended Dietary Allowance (RDA) or Dietary Ref-
erence Intake (DRI) for such a subject. The disclosure also
comprehends embodiments wherein there is a reduction in
the level of serum cholesterol in the subject. In some
embodiments, the insulin level is lowered. In some embodi-
ments, there is an increase in brown adipose in a subject
following administration of the inhibitor of laminin a4 to the
subject. Some embodiments involve an increase in beige
adipose in a subject following administration of the inhibitor
of' laminin o4 to the subject. In some embodiments, there is
a decrease in white adipose in a subject following admin-
istration of the inhibitor of laminin a4 to the subject.
[0007] Another aspect of the disclosure provides a method
of preventing or treating metabolic syndrome in a subject
comprising administering an amount of an inhibitor of
laminin o4 effective to alter the thickness of an adipose
tissue basement layer. The inhibitor of laminin a4 is an
inhibitor of laminin a4 activity and/or expression. In some
embodiments, the method results in a thinner basement layer
in adipose tissue, while in other embodiments, the basement
layer of adipose tissue is thickened by the method.

[0008] Still another aspect is drawn to a method of pre-
venting or treating metabolic syndrome in a subject com-
prising administering an amount of an inhibitor of laminin
a4 effective to alter the composition of an adipose tissue
basement layer, such as by increasing the relative weight
ratio of beige:white adipose, increasing the relative weight
ratio of brown:white adipose tissue, or decreasing the rela-
tive weight ratio of either beige or brown adipose to white
adipose.. The inhibitor of laminin a4 is an inhibitor of
laminin o4 activity and/or expression.
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[0009] Yet another aspect of the disclosure is a method of
preventing or treating metabolic syndrome in a subject
comprising administering an amount of an inhibitor of
laminin a4 (i.e., an inhibitor of laminin a4 activity, and/or
laminin a4 expression) effective to inhibit adipogenesis. In
various embodiments, any one or more known inhibitor of
laminin a4 activity and/or expression, or an inhibitor of a4
activity and/or expression disclosed herein, is contemplated.
In some embodiments, a combination of two or more
inhibitors of laminin a4 activity or expression is adminis-
tered to a subject in a mixture, in separate but simultaneous
administrations, or in temporally distinct administrations.
Also contemplated are embodiments in which at least one
inhibitor of laminin a4 activity is administered in combi-
nation with at least one inhibitor of laminin a4 expression,
with the inhibitors being combined for administration or
administered separately to a subject.

[0010] Still another aspect of the disclosure is a method of
decreasing the rate of increase in adipose tissue volume in a
subject comprising administering to the subject an effective
amount of an inhibitor of laminin a4 (i.e., an inhibitor of
laminin o4 activity and/or expression). As for the preceding
aspects of the disclosure, embodiments are contemplated
that comprise administering one or more inhibitors of lami-
nin o4 activity and/or one or more inhibitors of laminin a4
expression, with the inhibitors being combined or adminis-
tered separately in those embodiments involving a plurality
of inhibitors.

[0011] An aspect of the disclosure is drawn to a method of
reducing or preventing liver steatosis in a subject comprising
administering to the subject an effective amount of an
inhibitor of laminin a4 (i.e., an inhibitor of laminin o4
activity and/or expression). As for the preceding aspects of
the disclosure, embodiments are contemplated that comprise
administering one or more inhibitors of laminin a4 activity
and/or one or more inhibitors of laminin a4 expression, with
the inhibitors being combined or administered separately in
those embodiments involving a plurality of inhibitors.

[0012] Another aspect of the disclosure is a method of
inhibiting an increase in serum cholesterol in a subject
comprising administering to the subject an effective amount
of an inhibitor of laminin a4 (i.e., an inhibitor of laminin a4
activity and/or expression). In some embodiments, the
serum cholesterol level is lowered.

[0013] For each of the preceding aspects of the disclosure,
embodiments are contemplated in which the subject is a
human, a farm animal, or a domesticated non-human animal.
Embodiments of each aspect of the disclosure are envisioned
wherein the subject is a human. Further, embodiments of
each aspect are contemplated wherein the inhibitor of lami-
nin a4 is heparin, EDTA, a laminin a4 peptide fragment, an
anti-laminin a4 antibody or laminin a4-binding fragment
thereof, a lama a4 RNAI, lama o4 siRNA, or a lama a4
miRNA. In some embodiments involving administration of
a laminin a4 peptide fragment, the laminin a4 fragment is
A4G6 (LAIKNDNLVYVY; SEQ ID NO:1), A4G20 (DVIS-
LYNFKHIY; SEQ ID NO:2), A4G82 (TLFAHGRLVFM,;
SEQ ID NO:3), or A4G83 (LVFMFNVGHKKL; SEQ 1D
NO:4). In some embodiments involving administration of an
anti-laminin a4 antibody or laminin a4-binding fragment
thereof, the anti-laminin a4 antibody or laminin a4-binding
fragment thereof is ab69634, ab154314, antibody FCI10,
antibody BH2, antibody 3D7, antibody 3H2, antibody 5D8,
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antibody 6A12, antibody 8C10, antibody 9B2,and antibody
839084, or a laminin a4-binding fragment thereof.

[0014] Also, some embodiments of the method compris-
ing administration of an anti-laminin alpha 4 antibody or
laminin alpha 4-binding fragment thereof are contemplated
wherein the anti-laminin alpha 4 antibody or laminin alpha
4-binding fragment thereof is a monoclonal antibody, a
humanized antibody; a human antibody; a chimeric anti-
body; a bispecific or multispecific antibody, an antibody
fragment, a Fab, a F(ab'),; a Fv; a scFv or single-chain
antibody fragment; a diabody; a triabody, a tetrabody, a
minibody, a linear antibody; a chelating recombinant anti-
body, a tribody, a bibody, an intrabody, a nanobody, a small
modular immunopharmaceutical (SMIP), a binding-domain
immunoglobulin fusion protein, a camelized antibody, a
VHH-containing antibody, or a variant or derivative thereof.
[0015] In some embodiments of the method, the inhibitor
of laminin o4 impedes interaction of laminin a4 with an
integrin. In the context of the disclosure, impeding means to
inhibit or prevent the interaction of laminin a4 with an
integrin. Inhibition or prevention of the interaction of lami-
nin a4 with such exemplary integrins as integrin a6
(CDA491), integrin a4 (CD49d), or integrin 1 (CD29) are
contemplated. Exemplary inhibitors of the interaction of
laminin a4 with an integrin include GoH3, PS/2, or HA2/5.
[0016] Other features and advantages of the disclosure
will be better understood by reference to the following
detailed description, including the drawing and the
examples.

BRIEF DESCRIPTION OF THE DRAWING

[0017] FIG. 1. Immunostaining of whit adipose tissue
(WAT). The capillaries and basement membranes (BMs) of
adipocytes of control and mutant mice were positive with
antibodies against laminin a2 (A, B). Laminin a4 antibodies
stained both adipocytic BMs and capillaries in controls (C),
while no staining was seen in mutants (D). The laminin a5
antibody(E, F) stained capillaries in mutants and controls,
but not the adipocytic BM. Antibodies against type IV
collagen (G; H), nidogen (I, J) and perlecan (K, L) all stained
both capillaries and adipocytic BMs. Laminin a1 staining
was completely negative. The adipocytic BM of the
Lama4~'~ mice appeared slightly thickened. Bar 100 um.
[0018] FIG. 2. The weight of 8 male Lama4~~ mice
housed with 10 littermate heterozygote or wild-type controls
revealed a significant difference in weight at the age of 15
weeks (P=0.003), although the difference was not striking
until 30-40 weeks of age (A). When fed a high-fat diet (B),
male control mice developed obesity earlier, while mutant
mice were resistant also in this case (P=0.03 at week 8). The
weekly intake of food related to the weight of the animals
was not significantly different (P>0.3, mean+SEM, n=3-4
cages, 4 animals per cage) (C).

[0019] FIG. 3. The Lama4~"~ mice had reduced fat depots.
The epididymal fat is delineated in an opened 10-month-old
male control mouse (A) and a male Lama4~'~ mouse is
shown in (B).

[0020] FIG. 4. DXA/Image analysis of fat content in
representative twelve-month-old male Lama4~"~ and litter-
mate control mice fed standard diet. Areas with more than
50% fat are shown as white areas (called DXA {fat), while
areas with lean mass and bone are shown as black areas (A).
Quantification of total fat content in mice, as measured by
DXA, showed fat content to be drastically reduced in
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Lama4~"~ mice (B). Computerized tomography (CT) images
through the abdomen clearly demonstrated the difference in
the amount of fat (C). The thin structure marked with a P in
the heterozygote animals designates the peritoneum, black
arrows indicate subcutaneous fat, and white arrows indicate
intraperitoneal fat.

[0021] FIG. 5. Normalized liver mass as a percent of total
animal mass of 12-month liver in Lama4~"~ animals and
control. On high fat diet n=9, on standard diet n=9 for
control and n=6 for Lama4~"~. Animals on high fat diet had
significantly lower liver mass in Lama4~'~ animals (P<0.05).
[0022] FIG. 6. Histology of livers of 10-month-old male
animals. In control animals on standard diet, only mild
accumulation of fat (steatosis) was occasionally seen (A).
On the high-fat diet, however, the steatosis was frequently
severe (B). In Lama4~'~ animals, the histological picture was
without signs of steatosis on standard diet (C), and on
high-fat diet steatosis was very mild (D).

[0023] FIG. 7. Normalized fat pad depot mass as a percent
of total animal mass. Epididymal fat pad mass in Lama4~"~
mice was significantly lower than Lama4** mice (p<0.05).
Age-matched animal Lama4~"~ and Lama4*'*, n=4 for epi-
didymal and subcutaneous. Error bars represent standard
error.

[0024] FIG. 8. Adipocyte diameter in subcutaneous and
epididymal adipose depots for age-matched Lama4™~~ and
Lamad4*™ mice. For epididymal n=4 and subcutaneous n=>5
adipocytes, standard error was shown as the error bars.
There is a statistical difference between epididymal and
subcutaneous adipocytes (P<0.05). Histology images of
epididymal and subcutaneous Lama4~'~ and Lama4*™ adi-
pocytes, scale bar equals 300 pum.

[0025] FIG. 9. Adipocyte cell density in subcutaneous and
epididymal adipose depots for age-matched Lama4™~~ and
Lama4*™* mice. For epididymal n=4 and subcutaneous n=5
adipocyte cell densities, standard error shown as error bars.
[0026] FIG. 10. Basal lipogenesis levels in adipocytes
from subcutaneous and epididymal adipose in age-matched
knockout (KO) and wild-type (WT) animals. Epididymal fat
pad lipogenesis is statistically significant between KO and
WT (p<0.05). The epididymal and subcutaneous n=4. Error
bars represent standard error.

DETAILED DESCRIPTION

[0027] In the experiments disclosed herein, mice with a
null mutation of the laminin o4 gene (Lama4~"") were used
to examine a potential role for a4 chain laminins in adipose
tissue expansion and function. Weight gain, adipose function
and adipose structure were examined in Lama4~"~ mice and
compared to control animals. The Lama4~~ mice were
found to be resistant to age-related and diet-induced obesity,
and exhibited a depot-specific change in adipose structure,
volume and function.

[0028] Differentiated adipocytes are surrounded by a thin
BM layer. ECM in general, and BM specifically, have been
shown to regulate cell behavior in a number of tissues and
organs [3] [4] [5] [6] [7]. However, there is little knowledge
of'its role in adipocyte behavior. Laminins are assembled at
the cell surface as one component of the basement mem-
brane. Cell receptors maintain the laminins at the cell
surface, mediate basement membrane assembly and regulate
intracellular signals. Laminin-cell interactions are primarily
dependent on the C-terminus domain of the specific laminin
a chain. The laminins interact with integrins, dystroglycan,
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or sulfated glycolipids on the cell surface. Integrins are
heterodimeric cell surface receptors consisting of o and
subunits (not to be confused with the o and p chains of
laminin). The a4 chain of laminin has been shown to bind
to integrins a6fl and a7p1 in a number of cells. In
endothelial cells, laminin a4 signals through the 1 integrin.
Altering interactions between laminin o4 and integrins,
dystroglycan, or sulfated glycolipids provides an indirect
approach to modulate signaling and enhance beiging or
adipose metabolic function. In the studies disclosed herein,
mice completely lacking a specific BM protein, laminin a4,
were used to investigate its role in adipose tissue. Using
these mice, a profound influence of laminin a4 on the
expansion and function of adipose tissue was found.

[0029] Lama4~~ mice were found to gain weight at a
much slower rate than control mice. This occurred during
normal aging and was more pronounced on a high fat diet.
In fact, Lama4™" mice did not exhibit any differences in
weight whether on normal chow or a high fat diet. Differ-
ences from wild type animals did not result from reduced
food intake, and a reduction in adipose was observed both
grossly and via CT scans in the mice deficient in laminin a4.
While these results clearly showed that Lama4~'~ mice have
reduced adiposity, it was initially not clear if this resulted in
normal or impaired adipose function. Under both normal
and high fat diets, livers in the Lama4~'~ mice exhibited little
steatosis, suggesting that the decreased body fat did not
represent a form of lipodystrophy. Serum profiles of the
Lamad4~"~ mice on normal chow did not indicate severe
metabolic defects, as there were no significant changes in the
levels of glucose, free fatty acids, triglycerides or choles-
terol. Leptin levels were lower in the knockout mice, which
was expected because levels are proportional to adipose
tissue mass. A high-fat diet resulted in elevated levels of
insulin and leptin in control and knockout animals compared
to standard diet. The same parameters were also elevated in
the Lama4™~ mice fed the high-fat diet.

[0030] Laminin o4 is present around cells in the kidney,
vasculature and muscle and has been shown to regulate
different cell behaviors [22-31]. In order to further evaluate
the specific role of laminin a4, adipocytes from these tissues
were isolated and their metabolic function was analyzed.
Surprisingly, decreased laminin a4 was found to lead to
impaired adipocyte lipogenesis. Insulin-stimulated lipogen-
esis resulted in increased lipogenesis in adipocytes from
both Lama4~'~ and control animals indicating that insulin
responsiveness appears to be intact, but basal lipogenesis
levels were lower in Lama4™~ mice. Interestingly, this
difference was depot-specific. Adipocytes isolated from epi-
didymal adipose exhibited impaired lipogenesis compared
to controls while the subcutaneous adipose depot had similar
lipogenesis to control. This depot-specific impairment is
further supported by the fact that epididymal adipose depots
in Lama4~"~ mice are significantly smaller in volume than
control animals at about 3.5 months. This difference was
observed prior to any measurable differences in total weight.
While the total amount of epididymal adipose in Lama4~"~
mice was lower than controls, the cells from Lama4~'~ mice
were larger than cells from control mice. The subcutaneous
depots were similar in both total volume and cell size in
comparisons between Lama4™~ and control mice. Overall,
these results indicate an impaired function in adipose tissue
from mice lacking laminin a4 and this impairment is mani-
fested primarily in the epididymal depot.
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[0031] The experimental studies disclosed herein showed
a profound role for laminin a4 on adipose expansion and
function. The mechanism underlying this influence, how-
ever, has been unclear. There is very little knowledge of the
role of the ECM on adipocyte behavior. Cell culture and
tissue engineering studies have shown that ECM substrata
influence adipocyte behavior. In 2D culture “laminin” was
found to be more potent than type IV collagen, fibronectin
or type I collagen at promoting differentiation of preadipo-
cytes [32]. This study did not identify which specific laminin
isoform was used, but it is likely that this commercial
laminin was purified from a mouse soft tissue tumor that has
been shown to contain laminin 111 (a1:$1:y1). Studies with
laminin o4 are less common, in part because it only recently
became available commercially. Preadipocytes have been
shown to produce [LN-411 (a4:p1:y1) during induction to an
adipocyte phenotype [14] and ECM mixtures isolated from
adipose tissue that are rich in laminin a4 promote greater
adipogenesis than ECM from other tissues [33,34]. a4 chain
laminin could directly regulate adipocyte function through
modulation of cell receptor signaling.

[0032] Laminins containing the a4 chain could also influ-
ence adipocyte behavior based on indirect effects on the
local cell microenvironment. The BM structure appeared
thicker in immunohistochemical stains and previous studies
have shown that the vascular BM in Lama4~~ mice is
altered structurally [15]. This structural change could reflect
altered mechanical properties that may influence adipocyte
function [35]; Shoham, 2012, Mechanotransduction in adi-
pocytes}. In addition, LN-411, which contains the a4 chain,
has a chondroitin sulfate chain [36,37] which may function
to sequester growth factors in the vicinity of a cell. This
contributes to the regulation of growth factor availability
and signaling near cell surface receptors [38]. Alterations in
the laminin composition could alter the ability of the BM to
bind growth factors and control the local concentration of
regulatory factors.

[0033] As supported by the following examples, the dis-
closure establishes that Lama4~~ mice exhibited reduced
weight gain in response to both age and high-fat diet. The
mice had adipose tissue mass and altered function in a
depot-specific manner. In particular, epididymal adipose
tissue exhibited decreased mass and altered lipogenesis in
Lama4~" mice, but no differences were observed in the
subcutaneous depot. The results indicate that: (1) impaired
lipogenesis leads to diminished fat mass in Lama4~'~ mice;
(2) alterations in lipogenesis are adipose tissue depot-spe-
cific; and (3) specific ECM components dramatically influ-
ence adipose tissue function.

[0034] The working examples that follow include
Example 1, which provides the materials and methods for
the experiments conducted in the ensuing examples, which
collectively provide experimental results supporting the
claimed subject matter. Example 2 shows the adipose com-
position of mice genetically deficient in Laminin «4;
Example 3 establishes that Lama4~'~ mice are resistant to
obesity induced by age or diet; Examples 4, 5, and 6 provide
results characterizing L.ama4~'~ mice in terms of food con-
sumption, serum profile (insulin, leptin, IGF-1, glucose,
triglyceride, free fatty acids, and cholesterol), and adipose
tissue structure, respectively; and Example 7 establishes
adipose tissue function in Lama4~"~ and control wild-type
mice.
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EXAMPLES
Example 1
Material & Methods

Animals, Diets and Housing

[0035] The generation of laminin a4 null mice (Lama4)
was previously described [15], and that description is incor-
porated herein by reference. The mice were backcrossed to
C57 BL/6 mice (Charles River) for more than 10 genera-
tions. Mice were fed a standard diet, or a high-fat diet
containing 45 kcal % fat (D12451, Research Diets), begin-
ning at 4 weeks of age. The animals were fed ad libitum and
their food was weighed weekly. The mice were given a food
refill up to 500 g after each weighing. The amount of food
consumed was divided by the number of animals in a cage
as an estimate of intake.

[0036] All animal procedures were approved by the
TIACUC at Karolinska Institutet or the University of Chi-
cago. The animals were housed either in mixed cages (two
Lama4~~ and two wild-type control animals) or in cages
with only Lama4™~ mice or wild-type animals, in order to
rule out the possibility that the weight differences observed
were due to differences in dominance behavior. No differ-
ences were observed due to housing conditions.

Immunostaining

[0037] For immunostaining in mouse tissues, animals at 4
months of age were sacrificed and tissue harvested. Samples
were placed in TissueTek® (Sakura) in plastic molds and
frozen in isopentane cooled to its freezing point. Cryosec-
tions of 8-12 mm in thickness were made at —38 ° C. The
sections were allowed to dry for 1 hour at room temperature
and then fixed in acetone for 10 minutes before staining,
except for antibody to laminin a4, where the sections were
additionally treated for 5 minutes in boiling 1M Urea and
washed in distilled water.

[0038] The antibodies used were anti-nidogen/entactin
(MAB 1946, Chemicon), anti-collagen type IV (polyclonal
# AB756P, Chemicon), anti-perlecan (clone HK-102, Seika-
gaku Corp), anti-laminin a1 (clone 198 (35)), anti-laminin
a2 (clone 4H8-2), anti-laminin a4 (polyclonal S8 (36)), and
anti-laminin a5 (serum 405). Secondary antibodies were
FITC- or Cy3-conjugated and purchased from Jackson
ImmunoResearch Laboratories, Inc. Tissue sections were
examined with a Leica MDRB microscope (Leica) and
pictures were taken with a Hamamatsu digital camera with
Openlab (Improvision) software. Digital images were fur-
ther processed with Photoshop 5.0 (Adobe).

Peripheral Computerized Tomography (pCT)

[0039] Computerized tomography in 12-month-old mice
was performed 5 mm proximal to the crista iliaca (iliac
crest), identified by a longitudinal prescan, with the Stratec
pCT XCT Research M, software version 5.4B (Norland
Medical Systems) operating at a resolution of 70 um [16]
[17].

Dual X-ray Absorptiometry (DXA)

[0040] DXA was used to determine body composition
measurements and for measurements of body fat in the
12-month-old mice. DXA measurements were performed
with the Norland pDXA Sabre and the Sabre Research
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software (Version 3.9.2), as previously described [18]. That
description is incorporated herein by reference.

Serum Analyses

[0041] Litter matched, (n=10) Lama4~"~ and control mice
at 10 months of age were used for serum analysis. The
animals were fasted for two hours prior to sampling. Blood
was taken from the tail vein and allowed to coagulate for
20-30 minutes at room temperature before centrifugation
and separation of serum. Serum leptin and insulin levels
were measured by radioimmunoassay (Chrystal Chem. Inc.).
Free fatty acids (FFA) were measured by an enzymatic
colorimetric method (ACS-ACOD; Wako Chemicals USA,
Inc.). Insulin-like growth factor-1 (IGF-I) levels were mea-
sured by double antibody binding IGF binding protein-
blocked radioimmunoassay [19]. Serum glucose was deter-
mined with the glucose oxidase method [20]. Triglycerides
and cholesterol were assayed using commercially available
kits and following the manufacturers’ instructions (catalog
No. 450032, Triglycerides/GB, Roche Diagnostics GmbH,
respective catalog No. 2016630, Cholesterol, CHOD-PAP,
Boehringer Mannheim GmbH). Animals used for serum and
DXA analyses were sacrificed and the livers harvested for
histopathological evaluation (10 Lama4~"~ and 10 Lama™~
mice on both diets). For histological staining, the tissue
samples were fixed in 10% neutral buffered formalin, par-
affin-embedded and stained according to standard protocols.
Tissue sections were examined with a Leica MDRB micro-
scope (Leica) and pictures were taken with a Hamamatsu
digital camera with Openlab (Improvision) software. Digital
images were further processed with Photoshop 5.0 (Adobe).

Adipose Depot Structure

[0042] Lama4** and Lama4 mice were fed a standard
diet. At 3 months of age, mice were sacrificed. Epididymal
and subcutaneous fat depots were harvested, and the masses
were assessed. Mass of adipose tissues from each depot was
normalized to the total individual animal weight the depot
was harvested from using equation (1). The normalized %
fat pad mass takes into account variation introduced from
individual total animal weights.

(fat pad mass/total animal mass)x100=Normalized %
fat pad mass (€8]

[0043] A portion of each fat pad type was then placed in
formaldehyde and paraffin embedded. Samples were sec-
tioned and stained with hematoxylin and eosin. Five images
were taken with an Axiovert 200 inverted microscope using
a 5x objective (1.3 pum/pixel) (Carl Zeiss Microlmaging,
Inc., Thornwood, N.Y.) for each fat pad. The images were
used to manually measure the diameters of individual adi-
pocytes using AxioVision (Carl Zeiss Microlmaging).

Lipogenesis

[0044] The fat pads were weighed prior to functional
analysis with a lipogenesis assay. The assay was performed
as described previously [21], and incorporated herein by
reference. Briefly, adipocytes were isolated from the har-
vested fat pads by collagenase digestion and centrifugation.
Isolated adipocytes were incubated with radioactive glucose
in Krebs-Ringer bicarbonate containing 10 nM insulin and
1% (w/v) BSA. The lipid fraction was extracted and radio-
activity in the triglyceride fraction was measured.
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Statistics

[0045] Student’s t test was used for all statistical analysis
(two-tailed), p<0.05 was considered significant.

Example 2

Adipose Composition of Lama4™~~ Mice

[0046] Immunofluorescence staining was first performed
to compare BM composition surrounding adipocytes in
Lama4~~ and Lama4*™* mice. Staining was performed for
known adipose BM proteins, including the a1, a2, o4 and
a5 chains of laminin, type IV collagen, nidogen and perle-
can. In control mice, the a2 and o4 chains of laminin were
present in the BM surrounding mature adipocytes (FIG. 1).
Laminin a5 was not observed in mouse adipocyte BM. Type
IV collagen, perlecan and nidogen were present in the
murine pericellular adipocyte BM. When examining
Lama4~"~ BM, the only difference in composition was the
complete absence of laminin a4. All other BM proteins
present in the adipose BM of control mice were also
observed in the pericellular BM of Lama4~~ mice. The
adipocyte BM appeared somewhat thicker in the Lama4~'"~
mice.

Example 3

Lamad4™~ Mice are Resistant to Age- and Diet-Induced
Obesity

[0047] The birth weight of laminin a4 deficient mice was
about 10% lower than control littermates, as previously
reported [15]. At the time of weaning (6 weeks), no differ-
ence in weight was observed between Lamad ™" or control
animals (Lama4~"~ 20.6£0.32 g, n=8; Lama*'~ 22.3£0.44 g,
n=10). Animal weights were monitored first on a standard
diet. A significant difference in weight was observed by 4
months of age (FIG. 2A; Lama4~'~ 27.3x0.48 g, n=8;
Lama*~ 30.1x0.76 g, n=10; p=0.003). Lama4~"~ weighed
less than control animals from this time point and increased
steadily over time.

[0048] To further investigate weight gain in these animals,
mice were supplied a high-fat diet starting at four weeks of
age. Lama4~"~ animals gained weight at a much lower rate
and differences were observed from control animal weights
within one month on this diet (Lama4~"~ 21.7+0.57 g, n=8;
Lama*™* 23.420.47 g, n=8; p =0.05, FIG. 2C). This differ-
ence continued to increase over time with Lama4™~ exhib-
iting slow weight gain even on the high-fat diet. In fact, at
12 months of age, there was no difference in the average
weight of Lama4™~ mice whether they were on standard or
high-fat diets (standard diet 34.3+1.09 versus high-fat diet
35.5£2.12, p=0.6). Control animals rapidly gained weight on
the high fat diet resulting in dramatic differences from
Lamad4™" at 3.25 months (Lama4™~ 25.420.89 g, n=8;
Lama*™* 30.7£1.27. g, n=8;p=0.01).

[0049] At sacrifice there was a visible difference in the
epididymal fat pad volume in Lama4™~~ mice compared to
controls (FIG. 3). The amount of body fat in the mice was
quantified using Dual X-ray Absorptiometry (DXA). Dras-
tically reduced adipose volumes were observed in Lama4~'"~
mice compared to controls (Standard diet Lama4™"~
50.62£7.29%, n=6; Lama™™* 100.0+5.80%, n=4; p<0.05;
High Fat diet Lama4~'~ 71.63£9.40%, n=6; Lama 125.24x7.
67%, n=8; p<0.05; FIG. 4A, B). An abdominal CT scan of
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Lama4~'~ mice at 12 months further illustrated the fact that
the adipose volumes were reduced. As shown in FIG. 3C, at
this time point the amounts of both subcutaneous and intra
abdominal adipose appeared lower than in littermate con-
trols.

[0050] There was no difference in the weights of livers
from Lama4~"~ and controls on standard diet, but the livers
were smaller in Lama4~'~ animals on high-fat diet (FIG. 5).
The livers of control mice on standard diet showed mild liver
steatosis after 12 months, while this was not seen in
Lama4~'~ mice (FIG. 6A, C) suggesting that the decreased
body fat in Lamao4~~ mice does not represent a form of
lipodystrophy. On a high-fat diet, the control mice had
moderate to severe steatosis (FIG. 6B), while Lama4 ™"~ mice
only had very mild steatosis (FIG. 6D). This decreased
steatosis could help explain the smaller mass of livers of
Lama4~"~ mice relative to controls on the high-fat diet.

Example 4

Food Consumption

[0051] In order to evaluate whether the observed differ-
ences in weight and body composition resulted from lower
food consumption, food intake was quantified weekly. There
was no difference in the total amount of food consumed
between Lama4~'~ and control animals (p>0.3 at any time-
point, FIG. 1D). These results suggest that the weight
differences observed did not result from hypophagia in the
Lamad~"~ mice.

Example 5

Serum Profile

[0052] The serum profiles of mice at 10 months of age on
normal and high-fat diet were determined. Serum samples
were taken from 10-month-old males and heterozygote
littermates (n=5-10 in each group, housed 2 Lama4~'~ and 2
littermate Lama4*'~ in each cage) after two hours of fasting.
The levels of leptin, glucose, insulin, insulin-like growth
factor-1 (IGF-1), free fatty acids (FFA), triglycerides (TG)
and cholesterol were measured. The results are shown in
Table 1, where *, P<0.05; ** P<0.01; *** P<0.001. As
revealed by the data in Table 1, serum levels of insulin,
leptin, and IGF-1 were decreased in Lama4~'~ mice, while
serum levels of glucose, triglyceride, and free fatty acids
were unchanged. Interestingly, Lama4~'~ animals had
reduced serum cholesterol compared to controls, even on a
high-fat diet.

TABLE 1
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Example 6

Adipose Tissue Structure

[0053] Lama4~~ and age matched control animals 13 to
15 week on a standard diet were used to further examine
adipose structure and function. This time range was selected
because it is prior to any statistically significant weight
differences between Lama4~'~ and control animals, allowing
for the examination of adipose function without confound-
ing results due to obesity. At the time of sacrifice there were
no differences in total animal mass between Lama4~"~ and
control animals (Lama4~'~ 25.93+0.77 g, n=4; Lama*’™*
26.60+2.35 g, n=4; p=0.80).

[0054] Epididymal and subcutaneous adipose tissue were
harvested from the mice. The normalized percentage mass of
Lama4~'~ mice’s epididymal adipose was significantly less
than control mice (Lama4~"~ 0.80+0.09% , n=4; Lama™"™*
1.32x0.14%, n=4; p=0.022) (FIG. 7). The mass of Lama4~'"~
mice’s epididymal adipose was less than control mice
(Lamad4™~ 0.21+0.03 g, n=4; Lama*™ 0.3620.07 g, n=4;
p=0.10). Interestingly, no differences in mass were observed
between subcutaneous adipose mass (Lama4 ~~ 0.18+0.04
g, n=4; Lama*™* 0.2120.06 g, n=4; p=0.69). These results are
at a much earlier time point (about 3.5 months) than the
DXA results shown above (12 months) when all adipose
depots appeared reduced in volume. These results indicate
that prior to any phenotypic observations in total animal
weight gain, epididymal volume was reduced in Lama4~'"~
mice.

[0055] Histomorphometrix analysis was used to further
analyze adipose tissue in the different depots. Mean adipo-
cyte size determined from histological stains was greater in
epididymal adipose tissue than in the subcutaneous adipose
depots in both types of mice. In both subcutaneous and
epididymal depots the mean adipose size was greater in the
Lamad~"" mice (FIG. 8). Cell density (number of cells per
area) was lower in both epididymal and subcutaneous adi-
pose depots for Lama4~~ mice relative to controls (FIG. 9).

Example 7

Adipose Tissue Function

[0056] The reduced adiposity may be an indication of
altered metabolic function. Adipose function was examined
by quantifying basal and insulin-stimulated lipogenesis in
adipose isolated from Lama4~~ and control mice. The
epididymal depot of Lama4™~ mice exhibited impaired

Clinical Chemical Analysis

Standard diet High-fat diet
Serum analyses Lama4*'~ Lama4~~ Lamad*'~ Lamad~™~
Leptin (pg/ml) 7079 £ 2085 759 = 339%* 44969 = 3253 16489 + 4886***
Glucose (mg/dL) 147 =9 132 =8 246 = 13 250 = 15
Insulin (pg/ml) 1229 = 245 562 = 31%* 8566 = 955 4249 = B73**
IGF-1 (ng/ml) 414 = 23 327 = 10%* 415 =24 348 = 18*
FFA (mEg/l) 0.39 = 0.02 0.57 = 0.11 0.51 £ 0.07 0.55 £0.11
TG (mmol/l) 0.76 = 0.05 0.65 £ 0.07 0.81 £0.05 0.73 = 0.05
Cholesterol (mmol/1) 2.52 = 0.08 2.32 £0.05 5.98 £ 042 343 & 0.34%%x
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basal lipogenesis levels (FIG. 10). Interestingly, there were
no differences in lipogenesis between subcutaneous adipo-
cytes isolated from Lama4™~ and control mice.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 1

Leu Ala Ile Lys Asn Asp Asn Leu Val Tyr Val Tyr
1 5 10

<210> SEQ ID NO 2

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 2

Asp Val Ile Ser Leu Tyr Asn Phe Lys His Ile Tyr
1 5 10

<210> SEQ ID NO 3

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 3
Thr Leu Phe Ala His Gly Arg Leu Val Phe Met

1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 4

Leu Val Phe Met Phe Asn Val Gly His Lys Lys Leu
1 5 10
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1. A method of preventing or treating metabolic syndrome
in a subject comprising administering an effective amount of
an inhibitor of laminin a4 to a subject.

2. The method according to claim 1 wherein the metabolic
syndrome is insulin deficiency, insulin resistance, type 1
diabetes, type 2 diabetes, hypercholesterolemia, or a lipoa-
trophy.

3. The method according to either claim 1 or claim 2
wherein the inhibition of laminin a4 does not deleteriously
change the serum level of at least one compound selected
from the group consisting of glucose, a free fatty acid, and
a triglyceride.

4. The method according to either claim 1 or claim 2
wherein there is no reduction in food intake by the subject.

5. The method according to either claim 1 or claim 2
wherein food intake by the subject exceeds the caloric intake
recommendation of the USDA Recommended Dietary
Allowance (RDA) or Dietary Reference Intake (DRI) for
such a subject.

6. The method according to either claim 1 or claim 2
wherein there is a reduction in the level of serum cholesterol
in the subject.

7. A method of preventing or treating metabolic syndrome
in a subject comprising administering an amount of an
inhibitor of laminin a4 effective to alter the thickness of an
adipose tissue basement layer.

8. A method of preventing or treating metabolic syndrome
in a subject comprising administering an amount of an
inhibitor of laminin a4 effective to alter the composition of
an adipose tissue basement layer to increase the relative
weight ratio of beige or brown adipose to white adipose.

9. A method of preventing or treating metabolic syndrome
in a subject comprising administering an amount of an
inhibitor of laminin o4 activity effective to inhibit adipo-
genesis.

10. A method of decreasing the rate of increase in adipose
tissue volume in a subject comprising administering to the
subject an effective amount of an inhibitor of laminin a4.

11. A method of reducing or preventing liver steatosis in
a subject comprising administering to the subject an effec-
tive amount of an inhibitor of laminin a4.

12. A method of inhibiting an increase in serum choles-
terol in a subject comprising administering to the subject an
effective amount of an inhibitor of laminin o4.

13. The method according to claim 12 wherein the serum
cholesterol level is lowered.

14. The method according to any of the preceding claims
wherein the subject is a human, a farm animal, or a domes-
ticated non-human animal.
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15. The method according to claim 14 wherein the subject
is a human.

16. The method according to any of the preceding claims
wherein the inhibitor of laminin a4 is heparin, EDTA, a
laminin a4 peptide fragment, an anti-laminin a4 antibody or
laminin a4-binding fragment thereof, a lama a4 RNAi, lama
ad siRNA, or a lama a4 miRNA.

17. The method according to claim 16 wherein the lami-
nin o4 fragment is A4G6 (LAIKNDNLVYVY; SEQ ID
NO:1), A4G20 (DVISLYNFKHIY; SEQ ID NO:2), A4G82
(TLFAHGRLVFM; SEQ ID NO:3), or A4G83 (LVFMFN-
VGHKKL; SEQ ID NO:4).

18. The method according to claim 16 wherein the anti-
laminin a4 antibody or laminin a4-binding fragment thereof
is ab69634, ab154314, antibody FC10, antibody BH2, anti-
body 3D7, antibody 3H2, antibody 5D8, antibody 6A12,
antibody 8C10, antibody 9B2,and antibody 839084, or a
laminin o4-binding fragment thereof.

19. The method according to claim 16 wherein the anti-
laminin alpha 4 antibody or laminin alpha 4-binding frag-
ment thereof is a monoclonal antibody, a humanized anti-
body; a human antibody; a chimeric antibody; a bispecific or
multispecific antibody, an antibody fragment, a Fab, a F(ab")
»; a Fv; a scFv or single-chain antibody fragment; a diabody;
a triabody, a tetrabody, a minibody, a linear antibody; a
chelating recombinant antibody, a tribody, a bibody, an
intrabody, a nanobody, a small modular immunopharmaceu-
tical (SMIP), a binding-domain immunoglobulin fusion pro-
tein, a camelized antibody, a VHH-containing antibody, or a
variant or derivative thereof.

20. The method according to any one of claims 16-19
wherein the inhibitor of laminin a4 impedes interaction of
laminin o4 with an integrin.

21. The method according to claim 20 wherein the inte-
grin is integrin a6 (CD491), integrin a4 (CD49d), or integrin
Bl (CD29).

22. The method according to claim 20 wherein the inhibi-
tor is GoH3, PS/2, or HA2/5.

23. The method according to claim 1 wherein the insulin
level is lowered.

24. The method according to claim 1 wherein there is an
increase in brown adipose in a subject following adminis-
tration of the inhibitor of laminin a4 to the subject.

25. The method according to claim 1 wherein there is an
increase in beige adipose in a subject following administra-
tion of the inhibitor of laminin a4 to the subject.

26. The method according to claim 1 wherein there is a
decrease in white adipose in a subject following adminis-
tration of the inhibitor of laminin a4 to the subject.
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