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RECONSTRUCTED LIVING ADIPOSE TISSUE

FIELD OF THE INVENTION

The present invention relates to tissues and tissue sheets assembled from adipose-
derived stromal cells, methods of producing such tissues and tissue sheets, methods of
using such tissues and tissue sheets for pharmacological and toxicological studies as

well as for grafts and/or implants.

BACKGROUND OF THE INVENTION

Adipose tissue is a specialized connective tissue that functions as the major storage site
of fat in the form of triglycerides. Adipose tissue is found in mammals in two different
forms: white adipose tissue and brown adipose tissue. Besides its fat-storing function,
the adipose tissue plays a crucial role in the regulation of body temperature, the
resistance to mechanical impact as well as an endocrine function for modulating the

physiology of the whole body.

Loss of adipose tissue can have a significant impact on quality of life issues in afflicted
subjects. For example, facial acne in teenagers can result in the loss of subcutaneous
adipose tissue and severe scarring. Similar soft tissue scarring and defects can also
occur in cancer patients submitted to radiation therapy and major burn victims.
Surgically-induced loss of adipose or soft tissue, such as the one experienced by cancer
patients wherein a tumor has been surgically removed (e.g. patients who underwent a
mastectomy for example), can also lead to severe scarring and defects. Lipodystrophy,
a congenital or acquired condition, can also lead to the loss of adipose tissue. For
example, AIDS patients receiving the tri-therapy drug treatment are more susceptible to
develop a specific form of lipodystrophy. Surprisingly, severe loss of adipose tissue has
metabolic effects similar to obesity such as insulin resistance and ultimately leads to the

development of diabetes.

The injection of material for the regeneration of soft tissue began in 1899 when Gersuny
injected paraffin for cosmetic purposes. Nowadays, the demand for soft tissue

substitutes in reconstructive and plastic surgery is continually increasing.
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Unfortunately, the current autograft techniques fail to produce long-term satisfactory
replacement [Patrick CW, Jr. Anat Rec 2001;263(4):361-6.]. This is due in part to the
fragility of adipose tissue and the lack of appropriate vascularization after grafting
[Billings E, Jr., May JW, Jr. Plast Reconstr Surg 1989;83(2):368-81.; Rohrich RJ,
Sorokin ES, Brown SA. Plast Reconstr Surg 2004;113(1):391-5]. Efforts were made in
the past to improve this situation, with the incorporation of dextran beads adsorbed with
basic fibroblast growth factor [Eppley B L, Sidner R A, Platis J M, Sadove A M Plast
Reconstruct Surg 90:1022-1030, 1992].

Tissue-engineering strategies are very promising as an alternative therapeutic approach
to address the low predictability of autologous fat transplantation. Several groups have
pioneered adipose tissue engineering using the commonly used 3T3-L1 preadipocyte
cell line [Fischbach C.et al. Tissue Eng 2004;10(1-2):215-29; Patrick CW et al. Tissue
Eng 2002;8(2):283-93; Patrick CW et al. Tissue Eng 1999;5(2):139-51] or bone-marrow
derived mesenchymal stem cells [Alhadlag A et al. Tissue Eng 2005;11(3-4):556-66].
The recent surge of interest in adipose tissue as a source of adult multipotent stem cells
(ASCs) also generated encouraging results for their use in soft-tissue reconstruction
[von Heimburg D et al. Biomaterials 2001;22(5):429-38; von Heimburg D et al. Plast
Reconstr Surg 2001,108(2):411-20; U.S. Patent 6,777,231 issued on August 17, 2004;
U.S. patent application 10/406479 published under 2004/0092011 on May 13, 2004].

Various scaffolding biomaterials have been tested in combination with these progenitor
cells. Collagen gels, hyaluronic acid-based scaffolds [Halbleib M et al. Biomaterials
2003,24(18):3125-32], alginate beads [Marler JJ et al Plast Reconstr Surg
2000;105(6):2049-58.], PLGA (poly(lactic-co-glycolic acid)) [Patrick CW et al. Tissue
Eng 1999;5(2):139-51], PTFE (polytetrafluoroethylene) meshes coated with collagen
and alginate or hyaluronic acid based hydrogels which can be dehydrated and
rehydrated to obtain the desired shape [Alhadlag A et al. Tissue Eng 2005;11(3-4):556-
66.]. Despite these efforts, tissue-engineered substitutes have not made it into the
clinical realm yet, indicating the need to optimize and/or innovate with novel adipose

engineering strategies.



10

15

20

25

WO 2007/041869 PCT/CA2006/001697

_3.

Although there have been advancements, there were no successful generation of
implantable reconstructed adipose or soft tissue in humans. One of the major
limitations has been the failure to develop optimal conditions for the proliferation,
expansion, and differentiation of recursors into three-dimensional tissue constructs ex
vivo, the development of optimal conditions for the successful transplantation of
autologous or allogeneic adipocytes such as the adequate vascularization of the

transplanted tissues.

Considering the state of the art described above, there is a need for new soft tissue

alternatives.

SUMMARY OF THE INVENTION
The present invention relates to tissues reconstructed from adipose-derived stromal cells
(e.g. human adipose-derived stromal cells), methods of producing such tissues and

methods of using such tissues.

According to a first aspect, there is provided a method of producing an adipose-derived
tissue sheet, the method comprising contacting isolated adipose-derived stromal cells
with a first medium comprising ascorbic acid, thereby producing the adipose-derived
tissue sheet. In an embodiment, the concentration of ascorbic acid in the first medium is
from about 20 to about 200 pg/ ml. In another embodiment, the concentration of
ascorbic acid in the first medium is about 50 pug/ ml. In yet a further embodiment, the
isolated adipose-derived stromal cells are derived from lipoaspirated fat and/or from
excised fat. In still another embodiment, the method comprises further contacting the
isolated adipose-derived stromal cells with a second medium comprising an adipogenic
stimulus. In an embodiment, second medium comprises insulin, T3, dexamethasone,
IBMX and a peroxisome proliferator-activated receptor gamma (PPARY) agonist, and in
a further embodiment, the PPARY agonist is rosiglitazone and/or pioglitazone. In an
embodiment, the isolated adipose-derived stromal cells are contacted simultaneously
with the first medium and with the second medium. In a further embodiment, the
isolated adipose-derived stromal cells are first contacted with the first medium and then

with the second medium. In yet another embodiment, the isolated adipose-derived
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stromal cells are first contacted with the second medium and then with the first medium.
In still another embodiment, the adipose-derived tissue sheet comprises adipose-derived
stromal cells, and in a further embodiment, the concentration of adipose-derived stromal
cells in the adipose-derived tissue sheet is about 100%. In still another embodiment, the
adipose-derived tissue sheet comprises preadipocytes. In yet another embodiment, the
adipose-derived tissue sheet comprises adipocytes, and in a further embodiment, the
concentration of adipocytes in the adipose-derived tissue sheet is between about 20 to
90%. In yet another embodiment, the adipose-derived tissue sheet comprises cells (such
as mammalian cells and/or human cells) and an extracellular matrix. In yet another
embodiment, the extracellular matrix of the adipose-derived tissue sheet is produced
(e.g. exclusively or partially) by the adipose-derived stromal cells. In still another
embodiment, the method further comprises genetically modifying the adipose-derived
stromal cells. In an embodiment, the genetic modification of the adipose-derived
stromal cells is performed prior to contacting the adipose-derived stromal cells with said
first medium. In still another embodiment, the genetic modification of the adipose-
derived stromal cells is performed simultaneously to contacting the adipose-derived
stromal cells with said first medium. In a further embodiment, the genetic modification
of the adipose-derived stromal cells is performed after contacting the adipose-derived
stromal cells with said first medium. In an embodiment, the genetic modification of the
adipose-derived stromal cells 1s performed prior to contacting the adipose-derived
stromal cells with said second medium. In still another embodiment, the genetic
modification of the adipose-derived stromal cells is performed simultaneously to
contacting the adipose-derived stromal cells with said second medium. In a further
embodiment, the genetic modification of the adipose-derived stromal cells is performed
after contacting the adipose-derived stromal cells with said second medium. In still
another embodiment, the method further comprises adding a further cell type to the
adipose-derived tissue sheet, and in a further embodiment, the further cell type is at least
one of an endothelial cell type, an epithelial cell type, a fibroblastic cell type, a muscular

cell type and a neuronal cell type.
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In another aspect, there is provided an adipose-derived tissue sheet produced by the
method described herein. In an embodiment, the adipose-derived tissue sheet has a
thickness of between about 20 to 60 um. In another embodiment, the adipose-derived
tissue sheet produces a pro-angiogenic growth factor such as VEGF, angiopoietin-1
and/or FGF. In still another embodiment, the adipose-derived tissue sheet produces an
adipokine such as leptin and/or adiponectin. In still another embodiment, the adipose-

derived tissue sheet releases glycerol and fatty acids in response to a lipolytic stimuli.

According to a further aspect, there is provided a method of producing a reconstructed
conjunctive tissue, said method comprising superimposing at least two adipose-derived
tissue sheets obtained by the method described herein, thereby producing the
reconstructed conjunctive tissue. According to another aspect, there is provided a
reconstructed conjunctive tissue produced by the method described herein. In an
embodiment, the reconstructed conjunctive tissue has a thickness of between about 40 to

60 pm.

According to still a further aspect, there is provided a method of producing a
reconstructed adipose tissue, said method comprising superimposing at least two
adipose-derived tissue sheets produced by the method described herein, thereby
producing the reconstructed adipose tissue. According to a further aspect, there is
provided a reconstructed adipose tissue produced by the method described herein. In an
embodiment, the reconstructed adipose tissue of has a thickness of between about 40 to

60 um.

According to another aspect, there is provided a method of determining the adipocyte-
modulating properties of an agent, said method comprising (i) contacting said agent
with a tissue being at least one of the adipose-derived tissue sheet described herein, the
reconstructed conjunctive tissue described herein and the reconstructed adipose tissue
described herein and (ii) determining if said contact modulates a parameter of said
tissue, thereby indicating the adipocyte-modulating properties of said agent. In an
embodiment, the parameter is at least one of the number of cells in the tissue, the size of
the cells in the tissue, the roundness of the cells in the tissue, the degree of

differentiation of the cells in the tissue, the quantity of lipids in the cells of the tissue,



10

15

20

25

30

WO 2007/041869 PCT/CA2006/001697

-6-

the composition of lipids in the cells of the tissue, the ability of the cells of the tissue to
produce an adipokine, the ability of the cells of the tissue to produce a pro-angiogenic
growth factor, the ability of the cells of the tissue to respond to a lipolytic stimuli, the
ability of the cells of the tissue to replicate, the viability of the cells of the tissue and the
ability of the cells of the issue to express a gene related to an adipocyte metabolic

function (such as FOXC2, PGC-1, UCP-1, GATA2, PPARa and/or PPARY).

According to another aspect, there is provided a method of remodeling a body part in a
subject in need thereof, said method comprising introducing into said subject a tissue
being at least one of the adipose-derived tissue sheet described herein, the reconstructed
conjunctive tissue described herein and the reconstructed adipose tissue described
herein, thereby remodeling said body part of said subject. In an embodiment, the body
part comprises a cavity filled by said tissue, and in a further embodiment, the cavity is
filled partially with said tissue. In a further embodiment, the cavity is associated with at
least one of a burn, a surgery, an hereditary condition, a trauma and the intake of a
therapeutic agent. In a further embodiment, the size of said body part is increased by
the introduction of said tissue. In this particular embodiment, the body part may be at
least one of a lip, a breast, a buttock, a chin, a cheek, an upper body and a thigh. In still
another embodiment, the subject is a human. In yet another embodiment, the tissue

used can comprises genetically modified cells and/or cells autologous to the subject.

According to another aspect, there is provided the use of a tissue being at least one of
the adipose-derived tissue sheet described herein, the reconstructed conjunctive tissue
described herein, the reconstructed adipose tissue for remodeling a body part in a
subject. In an embodiment, the tissue is adapted to fill a cavity in the body part (wholly
or partially). In a further embodiment, the cavity of the body part is associated with at
least one of a burn, a surgery, an hereditary condition, a trauma and the intake of a
therapeutic agent. In still another embodiment, the tissue is adapted to increase the size
of the body part. In this particular embodiment, the body part can be at least one of a
lip, a breast, a buttock, a chin, a cheek, an upper body and a thigh. In a further
embodiment, the subject is a human. In yet another embodiment, the tissue can

comprise genetically modified cells and/or cells autologous to said subject.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Human subcutaneous adipose tissue as a source of precursor cells for tissue
engineering purposes. (A) Cell yield at the extraction after collagenase digestion were
higher for lipoaspirated fat (LA)-derived stromal cells (grey box) compared to
lipectomy-derived (LP) cells from excised fat (dotted box). Results are expressed as
means in 10° of cells per gram of tissue (for LA 11 extractions from three different
tissues, for LP 6 extractions from three different tissues). (B) Number of cells obtained
for LA-derived stromal cells (grey box) and LP-derived stromal cells (dotted box)
between passage 0 to 11 (PO to P11). Results are expressed as means in 10> cells per

cm’ per day.

Figure 2. Adipogenic potential of stromal cells extracted from lipoaspirated fat (LA)
(grey box) compared to excised fat (LP) (dotted box). Cells were cultured for 7 days in
the presence of ascorbic acid and prior to the induction of differentiation, which was
maintained for 14 days with the adipogenic cocktail and ascorbic acid before oil red-O
(ORO) staining (OD 520 nm). The Y axis refers to the OD ratio measurement for the
ORO staining, the X axis refers to the number of passage of the cells (P3, P6 or P11).
(n=3 for LA, n=3 for LP with 2-6 replicates per cell line per passage)

Figure 3. (A-B) Representative macroscopic view and (C-D) histological appearance
(cross sections) of tissues reconstructed from adipose-derived stromal cells using the
technique described in Example I. (A, C) Stromal cells that were cultivated in presence
of ascorbic acid for 37 days, without inducing the differentiation into adipocytes,
produced a conjunctive-like stroma, while (B, D) stromal cells submitted to an
adipogenic cocktail on day 7 of culture generated a tissue filled with adipocytes, as
shown after ORO staining (B) and (D) Masson's trichrome staining of paraffin-
embedded tissue sections. Bars : (A-B) 16.5 mm, (C-D) 36.3 um.

Figure 4. Representative microarchitecture of the reconstructed adipose tissue by
scanning electron microscopy (SEM). (A-B) Low magnification micrographs showing
the surface appearance of the reconstruction adipose tissue, revealing the presence of

round adipocytes on both sides of the tissue (arrows, B). (C) After 42 days of in vitro
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differentiation, the adipocytes of the reconstructed adipose tissue are very similar to
those of human subcutaneaous adipose tissue (D). (E-F) Cross-section micrographs of
a reconstructed adipose tissue clearly show the round adipocytes embedded within each
of the three adipose sheets that were combined to form a cohesive thicker tissue
(brackets, F), while reconstructed conjunctive tissue is devoid of adipocytes (H). (G)
The surface of the reconstructed conjunctive tissue produced by adipose-derived stromal
cells which were not induced to differenciate into adipocytes shows a dense mesh-like
tissue made of flat cells and extracellular matrix. (A-D, G) are SEM
hexamethydisilazan-treated specimens while (E, F, H) are CO; critical point-treated

specimens. Bars : (A, B) 100 um, (C, D, F, G, H) 50 um and (E) 20 um.

Figure 5. Adipocyte differentiation within adipose sheets produced from stromal cells
as a function of the day of differentiation. Cells were cultured in presence of ascorbic
acid for the entire length of the experiment. After 7, 10, 14 or 21 days of culture
respectively, differentiation was induced by adding an adipogenic cocktail, followed by
14 days of culture under adipogenic conditions. Differentiation was measured using
ORO staining and spectrometric analysis. Non-Ind refers to control stromal cells not
induced with the adipogenic cocktail. The Y axis refers to the OD ratio measurement
for the ORO staining, the X axis refers to the day of culture at which induction of

differentiation was performed. (n=3 for LA, 2-6 replicates per time point).

Figure 6. Promotion of adipocyte differentiation by ascorbic acid of stromal cells not
submitted to freezing. Fresh cells from three different sources (LA of 44 year-old
subject, LA of 33-year old subject and LP from 33 year-old subject) were cultured in a
medium without ascorbic acid (dotted box) or with ascorbic acid (grey box). Adipocyte
differentiation was then assessed using the ORO staining and spectrometric analysis.
The Y axis refers to the OD ratio measurement for the ORO staining, the X axis refers

to the three different cell types.

Figure 7. Histological cross-sections of reconstructed human skin tissues comprising
adipose—derived stromal cells. (A, B) only keratinocytes and stromal cells have been
used whereas (C, D) keratinocytes, dermal fibroblasts and stromal cells have been used.

Adipose-derived stromal cells found in (A, C) have not been induced with the
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adipogenic cocktail whereas those found in (B, D) have been induced with the
adipogenic cocktail. Arrows point to lipid droplet accumulation within an adipocyte.

The letter "1" refers to the epidermis, "ii" to the dermis and "iii" to the hypodermis.

Figure 8. Tissue-engineered adipose sheets secrete high levels of the major adipokines
(A) leptin and (B) adiponectin. Results are expressed as ng/ml/24h per adipose sheet of
3.5 cm’.  Adipokine concentrations were measured, at the indicated times, by specific
ELISA in serum-free medium conditioned for 24h. Numbers under each boxes refer to
the number of days in culture/the number of days submitted to an adipogenic cocktail.
Data are given as mean = SD (n=2 at each time point, for three different cell lines for

each cell type).

Figure 9. Tissue-engineered adipose sheets display lipolytic activation induced by
adrenoceptor agonists. Isoproterenol (1 pM), a general agonist of (-adrenergic
receptors, induced the hydrolysis of triglycerides stocked within adipocytes into fatty
acids and glycerol. Glycerol release is quantified by a colorimetric assay and expressed
as fold over basal levels observed for the vehicle treated samples. Basal levels were
16.1 £ 1.3 pM at 2h, 31.1 £ 1.0 uM at 4h and 240.5 £ 5.8 uM after 24h. Adipose
constructs produced from lipoaspirated fat in P3 were assayed (n=4) after 20 days of in

vitro differentiation.

Figure 10. Tissue-engineered adipose-derived tissue sheets secrete pro-angiogenic
growth factors (A) Angiopoietin-1 (Ang-1) and (B) VEGF. Results are expressed as
pg/ml/24h per adipose sheet of 3.5 cm”. (A) Ang-1 secretion profiles in adipose-derived
tissue (stromal undifferentiated cells, grey box) or in adipose tissue sheets
(differentiated adipocytes, dotted box) (n=2 cell populations). (B) VEGF secretion
profiles in adipose-derived tissue (stromal undifferentiated cells, grey box) or in adipose
tissue sheets (differentiated adipocytes, dotted box) (n=5 cell populations). Numbers
under each boxes refer to the number of days in culture/the number of days submitted to

an adipogenic cocktail.
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Figure 11. Formation of pseudo-capillaries in vitro within human reconstructed adipose
tissue. PECAM specific staining is shown in A, C, E and G whereas corresponding
phase contrast are shown in B, D, F and H. (A, B) reconstructed adipose tissue without
endothelial cells, (C, D) reconstructed adipose tissue to which endothelial cells have
been added (arrows in C point to PECAM positive tubular structures) (E, F).
Reconstructed conjunctive tissue without endothelial cells, (G,H) to which endothelial

cells have been added. Bar: 100 pm.

Figure 12. In vivo implantation of reconstructed adipose tissue in athymic mice.
Reconstructed adipose tissue were grafted onto the muscle on the back of mice. (A)
Macroscopic aspect of the tissue before implantation, (B) 3 days, (C-D) 7 days and (E-
F) 14 days after the surgery. (G-H) Masson's trichrome staining showing histological
features of the tissue (G) before and (H) 7 days following implantation showing a good
implantation of the tissue and the viability of adipocytes within the reconstructed

tissues. Bars : (A-F) 5 mm, (G) 100 pm, (H) 200 pm.

Figure 13. Genetic modification of adipose-derived stromal cells with a viral vector
harboring a recombinant factor IX transgene. Transgene expression was measured 2, 4,
6, 8 and 10 days after the initial transduction of preadipocytes (grey box), induced
preadipocytes (white box) and mature adipocytes differentiated for 20 days (dotted

box). Results are expressed as ng per mg protein per 10° cells (n=2).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention relates to tissue sheets and tissues reconstructed from adipose-
derived stromal cells, methods of producing such tissue sheets and reconstructed tissues

as well as methods of using such tissue sheets and reconstructed tissues.

Unless otherwise defined, all terms of art, notations and other scientific terminology
used herein are intended to have the meanings commonly understood by those of skill in
the art to which this invention pertains. In some cases, terms with commonly
understood meanings are defined herein for clarity and/or for ready reference, and the

inclusion of such definitions herein should not necessarily be construed to represent a
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substantial difference over what is generally understood in the art. The techniques and
procedures described or referenced herein are generally well understood and commonly
employed using conventional methodology by those skilled in the art, such as, for
example, the widely utilized molecular cloning methodologies described in Sambrook et
al,, Molecular Cloning: A Laboratory Manual 2nd. edition (1989) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. As appropriate, procedures involving the
use of commercially available kits and reagents are generally carried out in accordance

with manufacturer defined protocols and/or parameters unless otherwise noted.

According to one aspect, the present invention provides a method of producing an
adipose-derived tissue sheet. In order to obtain such tissue sheet, the method comprises
contacting isolated adipose-derived stromal cells with ascorbic acid. It is to be
understood that the production of tissue sheets is to be performed in vitro or ex vivo and

excludes the production of adipose-derived tissue sheets in vivo.

As used herein, the term “adipose-derived stromal cells” are cells obtained from the
stromal portion of fat. The adipose-derived stromal cells are adherent cells that can
proliferate in vitro and that are capable of differentiating into mature adipocytes when
submitted to an appropriate adipogenic stimuli. The adipose-derived stromal cells are
not adipocytes per se but precursors of adipocytes. The adipose-derived stromal cells

can contain preadipocytes.

Surprisingly, it was found that when adipose-derived stromal cells are contacted with
ascorbic acid, they produce an extracellular matrix in which they embedded themselves. |
The production of extracellular matrix components can easily be observed when cells
have reached confluency. Even more surprisingly, after at least 21 or 28 days of
culture, the adipose-derived stromal cells and the extracellular matrix they have
produced can easily be handled by a person skilled in the art. As used herein, the term
“adipose-derived tissue sheet” refer to a manipulatable tissue sheet assembled by

adipose-derived stromal cells, free of any exogenous synthetic material.

Because adipose-derived stromal cells are adherent cells cultured in the presence of a

liquid medium, ascorbic acid is preferably added to the culture medium of the cells. In
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an embodiment, the culture medium of the adipose-derived stromal cells is changed
every 2 to 3 days and replaced with a fresh culture medium comprising the ascorbic
acid. In a further embodiment, the fresh culture medium of adipose-derived stromal
cells can be supplemented with ascorbic acid the entire length of the in vitro culture of
the adipose-derived tissue sheet or only for a fraction of the in vitro culture. Preferably,
the fresh culture medium is supplemented with ascorbic acid until the adipose-derived
stromal cells form an adipose-derived tissue sheet that can be easily handled. In an
embodiment, the concentration of ascorbic acid in the fresh culture medium is from
about 20 to about 200 pug/ ml. In another embodiment, the concentration of ascorbic

acid in the fresh culture medium is about 50 pg/ ml.

The adipose-derived stromal cells can be obtained by various techniques known to those
skilled in the art. The source of adipose-derived stromal cells are numerous and include
subcutaneous, muscular and/or visceral fat. In an embodiment, the fat can be obtained
from a surgical procedure such as liposuction or any other surgical procedure where fat
is removed from a subject and wherein viable adipose-derived cells can be obtained. In
the present application, the liposuction procedure was compared to lipectomy (excision
of fat). The liposuction and the lipectomy procedures have generated fat tissues
comprising viable adipose-derived stromal cells. Once plated, the adipose-derived
stromal cells can be submitted directly to the method described herein to produce
adipose-derived tissue sheets or they can be first expanded in vitro, optionally frozen for

future use, and then submitted to the method described herein.

Once isolated from fat and cultured in vitro, the adipose-derived stromal cells can be
contacted with an adipogenic stimulus. The adipogenic stimulus is needed for the
differentiation of adipose-derived stromal cells in adipocytes. As used herein, the term
“preadipocyte” refers to cells capable of differentiating into adipocytes when submitted
to an adipogenic stimulus and to cells who do not contain visible lipid droplets (e.g.
lipid droplet-free cells). Although there is no consensus in the art, it has been suggested
that non-differentiated preadipocytes express the Pref-1 and that more differentiated

preadipocytes can express the adipocyte fatty acid binding protein (aP2), although the
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latter is mostly expressed in differentiated adipocytes. As used herein, the terms
“adipocyte”, “mature adipocyte” or “differentiated adipocyte” refer to cells capable of
storing triglycerides as well as releasing glycerol and fatty acids when appropriately
stimulated. Various adipogenic stimuli can be used to differentiate adipose-derived
stromal cells to adipocytes. One adipogenic stimulus commonly used by those skilled
in the art comprises a mixture of insulin, trilodothyronine (T3), dexamethasone,
isobutylmethylxanthine (IBMX) and a peroxisome proliferator-activated receptor
gamma (PPARY) agonist (such as rosiglitazone and/or pioglitazone). It has been
surprisingly shown that ascorbic acid can facilitate cellular differentiation of fresh (e.g.
non-frozen) adipose-derived stromal cells into adipocytes. The adipose-derived stromal
cells can be submitted to the adipogenic stimulus prior to, simultaneously,
concomitantly or posterior to ascorbic acid. What has surprisingly been found is that
adipose-derived stromal cells even though embedded in a thick and complex

extracellular matrix of the adipose-derived tissue sheet remain sensible to the

adipogenic stimulus can differentiate into mature adipocytes.

The adipose-derived tissue sheet produced by the method described herein can comprise
cells, more particularly living cells. In an embodiment, the cells may be from a
mammalian origin and, in a further embodiment, from a human origin. The cells of the
adipose-derived tissue sheet may be adipose-derived stromal cells, preadipocytes and/or
adipocytes. Since there are no specific markers for preadipocytes, it is not yet possible
to quantify the number of these cells in the adipose-derived tissue sheet. The adipose-
derived tissue sheet may comprise adipocytes, when the adipose-derived stromal cells
have been submitted to an adipogenic stimulus. The concentration of adipocytes in the
adipose-derived tissue sheet varies between about 20 to 90% of the total cells present in

the adipose-derived tissue sheet.

In an embodiment, the method described herein may also comprise genetically
modifying the adipose-derived stromal cells. This step may be particularly useful when
the adipose-derived tissue sheet is intended to be grafted or implanted, then the

genetically modified adipose-derived stromal cells can be used to express and produce a
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transgene that may be beneficial for the subject (e.g. increasing graft take, release of a
drug or a pro-drug, etc.). The transgene that can be inserted may be, for example, a pro-
angiogenic factor that will favor vascularization of the grafted or implanted adipose-
derived tissue sheet. In an embodiment, the genetic modification step may be
performed prior to, simultaneously or posterior to the contacting with the ascorbic acid.
In a further embodiment, the genetic modification step may be performed prior to,
simultaneously, concomitantly or posterior to the contacting with the adipogenic
stimulus. In yet another embodiment, the genetic manipulation may comprise the
introduction of a vector comprising a transgene in the adipose-derived stromal cells.
The vector may be plasmid, a cosmid, an artificial chromosome and/or a viral-based
vector. Various vectors can be used but those capable of being expressed in adipose-
derived stromal cells are preferred. The transgene of interest may be, depending on the
intended use, expressed constitutively or expressed upon induction only. Alternatively
or optionally, the expression of the transgene may be transient or continuous. In an
embodiment, a herpes simplex virus type 1-based vector, an adenovirus-based vector

and/or a lentiviral vector is introduced in the adipose-derived stromal cells.

The adipose-derived tissue sheet produced by the method described herein comprises an
extracellular matrix. As mentioned above, when the adipose-derived stromal cells reach
confluency and are contacted with ascorbic acid, they start producing a rich and
complex extracellular matrix in which they embed themselves. In an embodiment, the
extracellular matrix present in the adipose-derived tissue sheet is exclusively produced
by the adipose-derived stromal cells. In a further embodiment, when the adipose-
derived stromal cells are human cells, the extracellular matrix is solely composed of
human extracellular matrix components and is devoid of non-human extracellular
matrix components. The extracellular matrix of the adipose-derived tissue sheet may
comprise common matrix elements such as collagens (type I to type V), laminins,
proteoglycans (such as decorin), glycosaminoglycans, versican, fibulin, elastin,
fibronectin, tenascin, thrombospondin, etc. In addition, when adipose-derived tissue

sheets are seeded with another cell type, such as endothelial cells or epithelial cells, the
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extracellular matrix it contains may also comprise matrix elements of the basal

membrane (laminins, type IV collagen, nidogen, perlecan, etc.).

In a further embodiment, the method may also comprise adding a further cell type to the
adipose-derived tissue sheet. The added cells may form organ-like structures in
association with the adipose-tissue sheet. For example, the further cell type may be
seeded, proliferate and differentiate at the surface of the adipose-derived tissue sheet
(such as an epithelial cell type) or it may penetrate the matrix, proliferate and
differentiate inside the adipose-derived tissue sheet (such as an endothelial cell type, a
neuronal cell type and/or a muscular cell type). Various cell types may be added to the
adipose-derived tissue sheets. These cell types include, but are not limited to, an
endothelial cell type, an epithelial cell type, a fibroblastic cell type, a muscular cell type
and a neuronal cell type. The further cell type can also include pluripotent stem cells,
non-differentiated cells and/or differentiated cells. In an embodiment, the adipose-
derived tissue sheet may be used as an hypodermal substitute for reconstructed skin. In
this particular embodiment, skin epithelial cells (keratinocytes) are placed directly or
indirectly on the surface of at least one adipose-derived tissue sheet. A fibroblastic
tissue sheet may optionally be placed between the epithelium and the adipose-derived
tissue sheet. Endothelial cells can optionally be added to the fibroblastic tissue sheet

and/or the adipose-derived tissue sheet to form a capillary network.

Since it has been shown herein that the adipose-derived tissue sheet can produce pro-
angiogenic growth factors and sustain the growth and differentiation of endothelial cells
into capillary-like structures, the adipose-derived tissue sheet may also serve as a matrix
for the establishment of a three-dimensional capillary network. A complex network of
small blood vessels are present in the hyperdermal portion of the skin and the adipose-
derived tissue sheet described herein can serve as an in vitro model for this portion of
the skin. The model can also be used to study capillary formation in this portion of the
skin, to screen potential angiogenic and/or adipogenic modulating agents, and/or to
study the effect of genetic modification of the adipose-derived cells on the

establishment and maintenance of a capillary network.
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In an another aspect, the present invention also provides an adipose-derived tissue sheet
obtained by the method described herein. The adipose-derived tissue sheet has
numerous advantages. In an embodiment, the adipose-derived tissue sheet can be easily
handled by those skilled in the art (such as laboratory technicians and surgeons). In a
further embodiment, the adipose-derived tissue sheet has a thickness between about 20
to 60 um depending on culture conditions (such as serum lot). In a further embodiment,
the adipose-derived tissue sheet, when submitted to an adipogenic stimulus, is
representative of a functional white adipose tissue, capable of triglyceride biosynthesis,
secreting of typical adipokines and B-adrenergic stimulated lipolysis. For example, the
adipose-derived tissue sheet is capable of expressing and secreting an adipokine (such
as leptin and adiponectin), a pro-angiogenic growth factor (such as VEGF, angiopoietin-
1 and/or FGF) and is sensitive to a lipolytic stimulus. In yet another embodiment, the
adipose-derived tissue sheet consists essentially of cells derived from adipose-derived
stromal cells and the extracellular matrix the adipose-derived cells have produced and is

devoid of exogenous extracellular matrix components.

In a further aspect, the present invention also provides a method of producing a
reconstructed adipose tissue, said method comprising superimposing at least two
adipose-derived tissue sheets obtained by the method described herein. Because the
reconstructed adipose tissue comprises adipocytes, the tissue or the tissue sheet must be
submitted to an adipogenic stimulus to enable the differentiation of adipose-derived
stromal cells into adipocytes. As mentioned above, the method can also comprise
adding other cell types to the reconstructed adipose tissue to generate an organ-like
tissue. In yet another aspect, the present invention also provides a reconstructed adipose
tissue obtained by the method described herein. In an embodiment, thickness of such
reconstructed adipose tissue is about 200 um. Once dehydrated and prepared for
histological studies, the thickness of the reconstructed adipose tissue is about 140 + 14

um.

In a yet another aspect, the present invention also provides a method of producing a

reconstructed conjunctive tissue, said method comprising superimposing at least two
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adipose-derived tissue sheets obtained by the method described herein. Because the
reconstructed conjunctive tissue does not comprise adipocytes, therefore, the tissue or
the tissue sheet must not be submitted to an adipogenic stimulus to enable the
differentiation of adipose-derived stromal cells into adipocytes. As mentioned above,
the method can also comprise adding other cell types to the reconstructed conjunctive
tissue to generate an organ-like tissue. For example and as shown below in the
Examples, the reconstructed conjunctive tissue can serve as a stromal component

capable of supporting the growth of epithelial cells such as keratinocytes.

Some therapeutic agents, especially combinations of therapeutic agents, are known to
induce lipodystrophy in some subjects. It is thus desirable to have a screening method
capable of assessing the adipocyte-modulating properties of a therapeutic agent. Since
animal testing of cosmetic product is banned in various countries, it is also desirable to
possess an in vitro toxicological screening method with a reconstructed skin having the
three layers normally found in intact skin. Furthermore, since adipocyte metabolism
and differentiation is not clearly understood yet, there is a need for an in vitro three-
dimensional human adipogenesis model. Therefore, in still a further aspect, the present
invention provides a method of determining the adipocyte-modulating properties of an
agent. In this particular method, a tissue (such as the adipose-derived tissue sheet
described herein, the reconstructed conjunctive tissue described herein and/or the
reconstructed adipose tissue described herein) is contacted with the agent. Then, it is
determined if such contact modulates a parameter of the tissue. For example, such
parameter may be selected from the group consisting of the number of cells in the
tissue, the size of the cells in the tissue, the roundness of the cells in the tissue, the
differentiation of the cells in the tissue, the quantity of lipids in the cells of the tissue,
the composition of lipids in the cells of the tissue, the ability of the cells of the tissue to
produce an adipokine, the ability of the cells of the tissue to produce a pro-angiogenic
growth factor, the ability of the cells of the tissue to respond to a lipolytic stimuli, the
ability of the cells of the tissue to replicate or undergo apoptosis, the viability of the
cells of the tissue and/or the expression of adipogenic-related metabolic genes of the

cells of the tissue (such as FOXC2, PGC-1, UCP-1, GATA2, PPARw and/or PPARY).
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If such contacts modulate at least parameter, then the agent is said to have adipocyte-
modulating properties. The method can also comprise comparing the parameter with a
control tissue not exposed to the agent for assessing the modulation. When a cosmetic
product is used as an agent in this method, it is preferable that the adipose-derived tissue
sheet be placed underneath a fibroblastic tissue sheet and a differentiated epithelium to

mimic closely the skin in vivo situation.

Further, because the adipose-derived tissue sheet, especially when it 1s assembled into a
reconstructed adipose tissue, can mimic a white adipose tissue, it can be used to study
the metabolism of the white adipose tissue, such as the conversion of white adipose

tissue into brown adipose tissue.

Because the adipose-derived tissue sheet and the reconstructed adipose tissue recreate a
soft tissue replacement alternative, the present invention also provides a method of
remodeling a body part in a subject in need thereof. The method comprises introducing
into said subject the adipose-derived tissue sheet, the reconstructed adipose tissue and/or
the reconstructed conjunctive tissue produced by the methods described herein. In an
embodiment, the body part comprises a cavity to be filled (partially or completely) by
the adipose-derived tissue sheet and/or the reconstructed adipose tissue. In a further
embodiment, the body part’s cavity is associated with a burn (such as a third degree
burn), a surgery, an hereditary condition, a trauma and/or the intake of a drug (such as a
lipodystrophy-inducing drug). This method can be applied to any body part normally
comprising adipose or soft tissues. For example, hips, lips, breasts, buttocks, chin,
upper body part and/or the site of injection of a therapeutic agent (such as insulin) can
be remodeled by this method. In another embodiment, the method can also be used to
replaced the hypodermic portion of in deep burns (such as third degree burns). For
cosmetic purposes, and in yet another embodiment, the size of the body part (such as
the lips, the breast and/or the buttock) can be increased by the adipose-derived tissue

sheet. The method can be used on various subjects, such as human subjects.

Also contemplated herein is the use of the adipose-derived tissue sheet produced by the

method described herein for remodeling a body part in a subject as well as the use of the
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reconstructed living adipose tissue produced by the method described herein in the

preparation of a dermal and/or hypodermal layer substitute.

This body remodeling technique can be advantageous, especially if one uses the
patient’s own cells to produce an adipose-derived tissue sheet or and reconstructed
adipose tissue and reintroduces such adipose-derived tissue sheet or reconstructed
adipose tissue into the same patient. This autologous treatment prevents or limits
graft/implant rejection. Although this method can be used with autologous cells, it can
also be used with heterologous cells or a combination of autologous and heterologous
cells. The cells used in this method can also be genetically modified to enhance graft

take or to deliver a therapeutic agent to the patient.

All patents, patent applications, articles and publications mentioned herein, both supra

and infra, are hereby incorporated herein by reference.

The present invention will be more readily understood by referring to the following

examples which are given to illustrate the invention rather than to limit its scope.

EXAMPLET - Preparation of reconstructed adipose and conjunctive tissues

Isolation and culture of stromal cells from human adipose tissue. Cells were extracted
from adipose tissues of healthy subjects undergoing cosmetic surgery procedures
following guidelines from Laval University Ethic Board. Tissues were harvested either
as excised fat from lipectomy biopsies (LP, n=3) or as lipoaspirated fat (LA, n=3) with a
4 mm cannula. In one case, LP and LA cells were obtained from the same patient (age
33). The mean age of donors was respectively 37.7 + 9.9 years for LP and 39.0 £ 5.6
years (LA) The mean body-mass index (BMI) of donors was 23.5 + 0.4 for LP and 23.6
+2.9 (LA). The harvested tissues allowed to process approximately 4 times 60 grams of
fat according to standard stromal cell extraction protocols [Hauner H et al, J Clin Invest
1989,89(5):1663-70., Zuk et al. Tissue Eng 2001;7(2):211-28]. Adipose tissues were
digested with 0.075% collagenase (type 1A, Sigma) in Krebs-Ringer Buffer for 60
minutes at 37°C followed by a 10 min. treatment with 0.25% trypsin. Floating

adipocytes were discarded and cells from the stromal-vascular fraction were pelleted,
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rinsed with media, centrifuged and a red cell lysis step in NH4Cl was performed for 10
min. at room temperature. The cells recuperated are herein referred to as "adipose-
derived stromal cells". To assess yield reproducibility, a total of 11 stromal cell
extractions were performed from lipoaspirated fat (LA) and 6 extractions were
performed from excised fat (LP). The cells obtained were seeded at a density of 8x10°
cells per cm’ for expansion and batch cryopreservation after primary culture (P0). Part
of the fresh stromal cells were fixed in 70% ethanol for flow cytometry (FACS).
Experiments were performed on cells in P3, P6 and P11 that were thawed from PO and
expanded at a density of 8x10° cells per cm® in DH 1:1 medium supplemented with 10%
FCS (Hepes) and antibiotics (100 Ul/ml penicillin, 25 pg/ml gentamycin). All culture

dishes were from Nunc™.

Production of adipose-derived tissue sheets. Adipose-derived stromal cells were seeded
at a density of 1.5 x10° per well (1.58 x10* fer®) in 6-well plates containing an
anchorage device allowing easy manipulation of the adipose sheets while preventing
contraction. For the entire length of the experiments, the various media were
supplemented with 50 pg/ml ascorbic acid (Sigma) which has been previously
demonstrated to stimulate abundant extracellular matrix production from smooth muscle
cells and dermal fibroblasts [L’Heureux N et al. FASEB Journal 1998;12:47-56, Michel
M et al. In Vitro Cellular & Developmental Biology 1999; 35(6):318-326]. In order to
produce adipocyte-filled cellular sheets, the stromal cultures were induced at selected
times (7, 10, 14 or 21 days after seeding) by supplementing with an adipogenic cocktail
(100 nM insuline, 0.2 nM T3, 1 pM dexamethasone, 0.25 mM IBMX and 1 uyM
rosiglitazone in 3% FCS for 3 days) while controls were treated in 3% FCS in standard
medium. After 3 days, the induction medium was replaced with adipocyte medium
(expansion medium with 100 nM insulin, 0.2 nM Ts and 1 uM dexamethasone) while
non-induced controls (conjunctive sheets) were cultured in 10% FCS expansion
medium. Confluency was typically reached by day 3-4 after seeding. After 21-35 days
depending on the cells population, manipulatable cellular sheets (3.5 cm® surface area)

were ready to be assembled into thicker tissues.



10

15

20

25

WO 2007/041869 PCT/CA2006/001697

221 -

Production of reconstructed adipose tissue and reconstructed conjunctive tissue. The
reconstructed adipose tissue were produced by superimposing three adipose sheets (3.5
cm’) while their control counterparts were formed by superimposing three sheets of
non-differentiated stromal cells. Typically, a strong cohesion between the different
layers by culturing these issues for seven additional days in presence of ascorbic acid

was observed.

Production of a reconstructed skin tissues. Adipose-derived human stromal cells were
cultured in presence of ascorbic acid, induced or not to differentiate into adipocytes and
combined with skin cells to produce new skin substitutes. Keratinocytes were seeded
directly onto sheets of undifferentiated stromal cells or stromal cells differentiated for
12 days to form adipocytes. Alternatively, a tri-layered reconstructed skin was
produced by seeding keratinocytes onto a stroma made of 2 cellular sheets of dermal
fibroblasts layered on top of 2 cellular sheets of stromal cells, differentiated or not into
adipocytes. The tissues were cultured immersed for 7 days and then raised at the air-
liquid interface for 14 days for a total of 43 days in culture and 33 days of adipogenic

differentiation.

Quantification of adipose differentiation.  After 14 days of differentiation,
independently of the time spent in culture before the time of adipogenic induction, Oil
Red O (ORO) staining of the cytoplasmic neutral lipids of the droplets were performed
according to a modification from [Kuri-Harcuch W et al. 1978,75(12):6107-9, Ramirez-
Zacarias JL et al. Histochemistry 1992,97(6):493-7]. Briefly, cultures were rinsed,
fixed with 10% buffered formalin, stained with 0.3% ORO in isopropanol and extracted
with 4% Nonidet/isopropanol for quantification at 520 nm using a SpectraMax Plus™

spectrometer (Molecular Device) with SoftmaxPro™ Ver 4.7.1.

Histological analysis. At the indicated times, the reconstructed adipose tissue and
reconstructed conjunctive tissue were processed for histological analysis. Tissue
samples were harvested as 8 mm punch biopsy (Acuderm™) and fixed in 10% buffered
formalin before embedding in paraffin. 5 pm-thick tissue sections were stained for

Masson’s trichrome revealing collagens in blue. Lipids being extracted by organic
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solvents, the adipocyte lipid droplets are left as blank area on the histological sections.
To further prove the presence of lipid-filled adipocytes within the reconstructed adipose
tissue, samples were fixed with 10% formalin, embedded in OCT and 20 pm
cryosections were stained with ORO. Photographs were taken on a Nikon™ Eclipse™

Ts100 microscope with a Nikon™ Coolpix™ 4500 camera.

Scanning electron microscopy.  Samples of reconstructed adipose tissue and

reconstructed conjunctive tissue were fixed with 2.5% glutaraldehyde in 0.1M
cacodylate buffer for one hour before being processed either with hexamethyldisilazan
or at the critical point followed by gold-palladium coating. All micrographs were

obtained at 30 kV on a JEOL™ 6360LV SEM microscope (Tokyo, Japan).

Adipokine secretion profiles. Leptin and adiponectin secretion profiles were established
by determining the adipokine concentrations in serum-free culture medium conditioned
by the adipose-derived tissue and by the adipose tissue sheets for 24h using specific
ELISA assays for human leptin (Bio Mol International, L.P.) and human adiponectin
(R&D systems). Samples harvested from the cultures before induction of differentiation

and each week thereafter were stored at -80°C/-20°C until analysis.

Lipolysis measurements. The lipolytic cell response of the adipose tissue sheets
cultured for 27 days was assessed by measuring the amount of glycerol released into the
incubation medium after treatment with 1 pM isoproterenol or its appropriate vehicle
control. The tissues were previously incubated in serum-free medium for a minimum of
2 days to avoid interference with serum factors, and rinsed with serum-free medium
before the assay. After 1, 2, 4 and 24 hours, the conditioned medium was immediately
tested for the release of glycerol using an enzyme-coupled glycerol assay based on a

colorimetric quantification (Sigma).

Pro-angiogenic growth factor profiles. Angiopoietin-1 and VEGF secretion profiles
were established by determining the growth factor concentrations in serum-free culture
medium conditioned by the adipose-derived tissue sheets and the adipose tissue sheets

for 24h using specific ELISA assays for human angiopoietin-1 (R & D systems) and
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human VEGF (R & D systems). Samples harvested from the cultures before induction

of differentiation and each week thereafter were stored at -80°C/-20°C until analysis.

EXAMPLE II - Characterization of the reconstructed adipose tissue produced in
Example I.

First, two modes of tissue harvesting were compared to determine if lipoaspiration
procedures could be detrimental to the viability of stromal cells or affect their
phenotype. Results are shown in Figure 1. Not only the yields obtained at the time of
extraction were higher for LA cells (Fig. 1A), but the cells also proliferated slightly
better in culture than LP cells (Fig. 1B). This implies that a mean of 500 000 stromal
cells can be extracted per g of lipoaspirate, and considering that 400 g of tissue can
easily be obtained and processed, 200 millions cells would be available for culturing,
from which 2% could have stem cell characteristics [Strem BM et al. Trends Biotechnol
2005;23(2):64-6]. To our surprise, and as show in Figure 2, LA-derived cells also
featured a higher adipogenic potential in vitro than the lipectomy-derived LP cells from
excised fat. Moreover, the results indicate that extensive in vivo expansion of stromal
cells, which is likely necessary for tissue engineering strategies, did not attenuate their
adipogenic differentiation potential in presence of ascorbic acid, suggesting a good

preservation of the progenitor cells under these culture conditions.

When cultured under appropriate conditions, namely ascorbic acid and adipogenic
supplementation, manipulatable adipose sheets are obtained within 30 days. These
adipose sheets are then assembled into thicker adipose tissues by superimposing
multiple cellular sheets (Fig. 3), the latter were 139.4 + 14.1 um-thick, 3 layers, (n=7).
Histologically, Masson’s trichrome staining revealed that numerous adipocytes were
embedded into a dense scaffold of extracellular matrix (Fig. 3). Finally, when view by

SEM, the reconstructed adipose tissue were strikingly similar to human adipose tissue

(Fig. 4).

Without wishing to be bound to theory, in the reconstructed adipose tissue described
herein, adipose cells are building their own scaffold made of various matrix components

that include collagens I, III and V, laminin-1 and high amounts of fibronectin.
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Although cells extracted from lipectomy (LP) could be expanded and also generated 3D
adipose sheets, they required longer culture time in order to produce a tissue easy to
handle. Also, LP-generated cell sheets contained less adipocytes than LA-derived ones.
Lipoaspirated fat is thus a very convenient source of cells that are performing well in

our reconstructive strategy.

Adipogenic differentiation being a highly regulated process requiring cell confluency
for adequate differentiation, it was investigated whether the dense matrix deposition
occurring during the self-assembly phase would negatively impact on the ability to
generate adipose substitutes. Figure 5 shows that inducing differentiation at either day
7, 10 or 14 of culture leads to a substantial differentiation into adipocytes after a fixed
period of 14 days under adipogenic conditions. These results are particularly important
because they reflect that reconstructed adipose tissue production parameters could be
optimized to generate adipose tissues exhibiting a specific stage of differentiation, either

young or fully differentiated.

Figure 6 also shows that ascorbic acid can promote adipocyte differentiation of stromal

cells not submitted to freezing.

Figure 7 shows histological cross-sections of reconstructed human skin comprising
adipose—derived stromal cells. In (A, B) only keratinocytes and stromal cells have been
used whereas (C, D) keratinocytes, dermal fibroblasts and stromal cells have been used.
Stromal cells found in (A, C) have not been induced with the adipogenic cocktail
whereas stromal cells found in (B, D) have been induced with the adipogenic cocktail.
Arrows in B and D point to lipid droplet accumulation within adipocytes. These results
indicate that the adipose-derived stromal cells can be used to reconstruct in vitro the

skin's hypoderm or serve as a dermal-like component.

Native adipose tissue has two major functions : storage energy as triglycerides and an
important secretory function, liberating a variety of hormones, growth factors, cytokines
and adipokines such as leptin and adiponectin. We investigated if the reconstructed
adipose tissues displayed the biochemical characteristics of native adipocytes including

adipokine secretion and response to -adrenergic agonists. Both leptin (Fig. 8A) and
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adiponectin (Fig. 8B) were produced by reconstructed adipose tissue and increased with
adipocyte differentiation. These results also indicate that human reconstructed adipose

tissue are functional in vitro for at least 63 days in culture.

The functionality of mature human adipocytes embedded within the reconstructed
adipose tissues to react appropriately to their environment was assessed by conducting
lipolysis experiments (Fig. 9). Shown is one representative experiment of LA adipose
tissue sheet cells in P3 containing adipocytes differentiated for 20 days. Expression is
relative to basal levels at each time point. A peak in glycerol release 2h post-
stimulation with 1 um isoproterenol was observed. The lipolysis-mediated glycerol
release (uM) measured indicates functionality of the adipocytes within the 3D adipose
sheets. This suggests that upon grafting/implanting to a subject, the cells of the

reconstructed adipose tissue would be responsive to their new environment.

The angiogenic potential of reconstructed conjunctive/adipose tissue was also evaluated
by measuring the secretion of pro-angiogenic growth factors in the serum free
supernatant of tissue cultures. As shown in Figure 10A, angiopoietin-1 is strongly
expressed in reconstructed adipose tissue submitted to the induction cocktail when
compared to reconstructed conjunctive tissue having non-induced adipose-derived
stromal cells. On the other hand, VEGF seems to be more expressed in reconstructed
adipose tissue not being induced with the adipogenic cocktail when compared with

differentiated reconstructed adipose tissue (Figure 10B).

EXAMPLE III - Production and characterization of vascularized reconstructed adipose

tissue

Reconstructed adipose tissue and reconstructed conjunctive tissue were produced as
outlined in Example I. After 20 days of culture, dermal endothelial cells have been
added to three superimposed sheets and further cultured for 5 more days before, as
outlined in Example I, superimposing the adipose sheets to form the vascularized
reconstructed adipose/conjunctive tissue. Control reconstructed adipose tissue and
reconstructed conjunctive tissue not seeded with endothelial cells have also been

produced.
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Results are shown in Figure 11. PECAM positive tubules have been observed in
vascularized reconstructed adipose tissue and reconstructed conjunctive tissue only and
not in control reconstructed adipose tissue or control reconstructed conjunctive tissue.
In addition, among the tubular structures observed in those tissues, vascularized
reconstructed adipose tissue induced with an adipogenic cocktail have more PECAM-
specific tubular structures than vascularized reconstructed conjunctive tissue (22.5 +
0.7%, n=2 cell lines) PECAM-expressing structures observed within reconstructed
adipose tissue and reconstructed conjunctive tissue were more likely to show a distinct
lumen reminiscent of a capillary. (A, D. F, H) are phase contrast micrographs

corresponding to (A, C, E, F) respectively.

EXAMPLE IV - Grafting of reconstructed adipose tissue unto athymic mice

Reconstructed adipose tissue containing four adipose tissue sheets produced as outlined
in Example I have been grafted on the naked fascia of the posterior flank of an athymic
mice. The area covered by the graft was measured by the ImageJ™ software. Fourteen
days after grafting, the grafts looked healthy even though their thickness had increased
and their surface area had decreased by 64% and 68% within 7 and 14 days respectively
(Figure 12).

EXAMPLE V - Genetic modification of isolated stromal cells

Monolayers of adipose-derived human stromal cells were produced as indicated in
Example I. Cells were derived from a 51-year old subject. Three different cells types
have then been submitted to genetic modification as described in Fradette et al.
[Fradette et al. Gene Therapy 2005; 12: 48-58] using a MOI of 4: (i) human
subconfluent stromal cells, (ii) human subconfluent stromal cells induced with the
adipogenic cocktail for three days and (iii) mature adipocytes induced with the
adipogenic cocktail for twenty days. The transgene inserted was recombinant human
factor IX. Its expression level after transduction was measured with an ELISA assay
(Cedarlane, ON). Results are shown in Figure 13 and indicate that the secretion of the

paired antibodies is linked with the differentiation state of the cell and the number of
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days after infection. The phenomenon has also been observed for different transgenes

(GDNF, NGF and IL-1Ra).

While the invention has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications and this
application is intended to cover any variations, uses or adaptations of the invention
following, in general, the principles of the invention and including such departures from
the present disclosure as come within known or customary practice within the art to
which the invention pertains and as may be applied to the essential features hereinbefore

set forth, and as follows in the scope of the appended claims.
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WE CLAIM:

10.

11.

A method of producing an adipose-derived tissue sheet, said method comprising
contacting isolated adipose-derived stromal cells with a first medium comprising

ascorbic acid, thereby producing said adipose-derived tissue sheet.

The method of claim 1, wherein the concentration of ascorbic acid in the first

medium is from about 20pg/ml to about 200 pg/ml.

The method of claim 1, wherein the concentration of ascorbic acid in the first

medium is about 50 pg/ ml.

The method of claim 1, wherein said isolated adipose-derived stromal cells are

derived from lipoaspirated fat.

The method of claim 1, wherein said isolated adipose-derived stromal cells are

derived from excised fat.

The method of claim 1, further comprising contacting said isolated adipose-

derived stromal cells with a second medium comprising an adipogenic stimulus.

The method of claim 6, wherein said second medium comprises insulin, T3,
dexamethasone, IBMX and a peroxisome proliferator-activated receptor gamma

(PPARY) agonist.

The method of claim 7, wherein said PPARy agonist is rosiglitazone or
pioglitazone.
The method of claim 6, wherein said isolated adipose-derived stromal cells are

contacted simultaneously with the first medium and with the second medium.

The method of claim 6, wherein said isolated adipose-derived stromal cells are

first contacted with the first medium and then with the second medium.

The method of claim 6, wherein said isolated adipose-derived stromal cells are

first contacted with the second medium and then with the first medium.
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24.

-29.-
The method of claim 1, wherein said adipose-derived tissue sheet comprises

adipose-derived stromal cells.

The method of claim 1, wherein the concentration of said adipose-derived

stromal cells in the adipose-derived tissue sheet is about 100%.

The method of claim 1, wherein said adipose-derived tissue sheet comprises

preadipocytes.

The method of claim 6, wherein said adipose-derived tissue sheet comprises

adipocytes.

The method of claim 15, wherein the concentration of said adipocytes in the

adipose-derived tissue sheet is between about 20 to 90%.

The method of claim 1, wherein said adipose-derived tissue sheet comprises

cells and an extracellular matrix.
The method of claim 17, wherein the cells are mammalian cells.
The method of claim 17, wherein the cells are human cells.

The method of claim 17, wherein said extracellular matrix is produced by the

adipose-derived stromal cells.

The method of claim 1, further comprising genetically modifying the adipose-

derived stromal cells.

The method of claim 21, wherein the genetic modification of the adipose-
derived stromal cells is performed prior to contacting the adipose-derived

stromal cells with said first medium.

The method of claim 21, wherein the genetic modification of the adipose-
derived stromal cells is performed simultaneously to contacting the adipose-

derived stromal cells with said first medium.

The method of claim 21, wherein the genetic modification of the adipose-
derived stromal cells is performed after contacting the adipose-derived stromal

cells with said first medium.
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The method of claim 6, further comprising genetically modifying the adipose-

derived stromal cells.

The method of claim 25, wherein the genetic modification of the adipose-
derived stromal cells is performed prior to contacting the adipose-derived

stromal cells with said second medium.

The method of claim 25, wherein the genetic modification of the adipose-
derived stromal cells is performed simultaneously to contacting the adipose-

derived stromal cells with said second medium.

The method of claim 25, wherein the genetic modification of the adipose-
derived stromal cells is performed after contacting the adipose-derived stromal

cells with said second medium.

The method of claim 1 or 6, further comprising adding a further cell type to the

adipose-derived tissue sheet.

The method of claim 29, wherein the further cell type is at least one of an
endothelial cell type, an epithelial cell type, a fibroblastic cell type, a muscular

cell type and a neuronal cell type.
An adipose-derived tissue sheet produced by the method of claim 1.

The adipose-derived tissue sheet of claim 31 having a thickness of between

about 20 um to 60 pum.

The adipose-derived tissue sheet of claim 31 producing a pro-angiogenic growth

factor.

The adipose-derived tissue sheet of claim 33, wherein said pro-angiogenic

growth factor is at least one of VEGF, angiopoietin-1 and FGF.
An adipose-derived tissue sheet produced by the method of claim 6.

The adipose-derived tissue sheet of claim 35 having a thickness of between

about 20 um to 60 um.

The adipose-derived tissue sheet of claim 35 producing an adipokine.
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The adipose-derived tissue sheet of claim 35, wherein said adipokine is at least

one of leptin and adiponectin.

The adipose-derived tissue sheet of claim 35 producing a pro-angiogenic growth

factor.

The adipose-derived tissue sheet of claim 39, wherein said pro-angiogenic

growth factor is at least one of VEGF, angiopoietin-1, and FGF.

The adipose-derived tissue sheet of claim 35 releasing glycerol and fatty acids in

response to a lipolytic stimuli.

A method of producing a reconstructed conjunctive tissue, said method
comprising superimposing at least two adipose-derived tissue sheets obtained by

the method of claim 1, thereby producing the reconstructed conjunctive tissue.
A reconstructed conjunctive tissue produced by the method of claim 42.

The reconstructed conjunctive tissue of claim 43 having a thickness of between

about 40 pm to 60 um.

A method of producing a reconstructed adipose tissue, said method comprising
superimposing at least two adipose-derived tissue sheets obtained by the method

of claim 6, thereby producing the reconstructed adipose tissue.
A reconstructed adipose tissue produced by the method of claim 45.

The reconstructed adipose tissue of claim 46 having a thickness of between

about 40 um to 60 um.

A method of determining the adipocyte-modulating properties of an agent, said
method comprising (i) contacting said agent with a tissue being at least one of
the adipose-derived tissue sheet of claim 31, the adipose-derived tissue sheet of
claim 35, the reconstructive conjunctive tissue of claim 43 and the reconstructed
adipose tissue of claim 46 and (ii) determining if said contact modulates a
parameter of said tissue, thereby indicating the adipocyte-modulating properties

of said agent.
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The method of claim 48, wherein said parameter of said tissue is at least one of
the number of cells in the tissue, the size of the cells in the tissue, the roundness
of the cells in the tissue, the degree of differentiation of the cells in the tissue,
the quantity of lipids in the cells of the tissue, the composition of lipids in the
cells of the tissue, the ability of the cells of the tissue to produce an adipokine,
the ability of the cells of the tissue to produce a pro-angiogenic growth factor,
the ability of the cells of the tissue to respond to a lipolytic stimuli, the ability of
the cells of the tissue to replicate, the viability of the cells of the tissue and the
ability of the cells of the tissue to express a gene related to an adipocyte

metabolic function.

The method of claim 49, wherein said gene is at least one of FOXC2, PGC-1,
UCP-1, GATA2, PPARa and PPARYy.

A method of remodeling a body part in a subject in need thereof, said method
comprising introducing into said subject a tissue being at least one of the
adipose-derived tissue sheet of claim 31, the adipose-derived tissue sheet of
claim 35, the reconstructed conjunctive tissue of claim 43 and the reconstructed

adipose tissue of claim 46, thereby remodeling said body part of said subject.

The method of claim 51, wherein said body part comprises a cavity filled by said

tissue.
The method of claim 52, wherein the cavity is filled partially with said tissue.

The method of claim 52, wherein the cavity is associated with at least one of a
burn, a surgery, an hereditary condition, a trauma and intake of a therapeutic

agent.

The method of claim 51, wherein the size of said body part is increased by the

introduction of said tissue.

The method of claim 55, wherein the body part 1s at least one of a lip, a breast, a
buttock, a chin, a cheek, an upper body and a thigh.

The method of claim 51, wherein the subject is a human.
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The method of claim 51, wherein said tissue comprises genetically modified

cells.

The method of claim 51, wherein said tissue comprises cells autologous to the

subject.

Use of a tissue being at least one of the adipose-derived tissue sheet of claim 11,
the adipose-derived tissue sheet of claim 35, the reconstructed conjunctive tissue
of claim 43, and the reconstructive adipose tissue of claim 46 for remodeling a

body part in a subject.

The use of claim 60, wherein said tissue is adapted to fill a cavity of the body

part.

The use of claim 61, wherein said tissue is adapted to partially fill the cavity of

the body part.

The use of claim 61, wherein the cavity of the body part is associated with at
least one of a burn, a surgery, an hereditary condition, a trauma and intake of a

therapeutic agent.

The use of claim 60, wherein the tissue is adapted to increase the size of the

body part.

The use of claim 64, wherein the body part is at least one of a lip, a breast, a

buttock, a chin, a cheek, an upper body and a thigh.
The use of claim 60, wherein the subject is a human.
The use of claim 60, wherein the tissue comprises genetically modified cells.

The use of claim 60, wherein the tissue comprises cells autologous to said

subject.
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