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CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims the benefit of priority of Singapore provisional application
No0.201305877-1, filed August 01, 2013, the contents of it being hereby incorporated by

reference in its entirety for all purposes.

FIELD OF THE INVENTION
[0002] The present invention relates generally to the field of molecular biology. In
particular, the present invention relates to and the use of molecular markers for the

identification of the origin and for the selection of adipose stem cells.

BACKGROUND OF THE INVENTION

[0003] Adipose tissue, such as white adipose tissue (WAT) has been ihcreasingly
appreciated as an alternative source of mesenchymal stem cells traditionally isolated from the
bone marrow. For example, subcutaneous white adipose tissue can be isolated by minimally
invasive liposuction procedure. Additionally, adipose-derivéd stem cells are relatively
abundant in the adipose tissue where as much as 1% of human adipose cells are adipose-
derived stem cells, compared to only 0.001-0.002% mesenchymal stem cells in the bone
marrow. The differentiation capacity, immunobiological properties and secretome of adipose-
derived stem cells offer tremendous therapeutic potential in regenerative medicine.

[0004] Increasing evidence suggests that stem cells, derived from adipose tissue of
different depot origins, are distinct populations of cells that differ in their inherent pfoperties,
e.g. their differentiation ability in response to in vitro \stimuli.;The functional difference of
adipose-derived stem cells of different origins, together with regional variation in cellular
interaction, circulation, innervations and anatomic constraints between different depots of
adipose tissue, are thought to be the underlying factors contributing to pathophysiological
variation of adipose tissue depots in relation to metabolic homeostasis. For example, the
subcutaneous depot physiologically stores excess lipids, thus preventing their deposition into
other organs. Accumulation of fat in the visceral depot, on the other hand, leads to a

pathological metabolic profile because of dysfunction in lipid storage. Differences in these
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properties are, at least partly, cell autonomous and recapitulated in vitro in stem cells derived
and isolated from these depots.

[0005]  Further characterisation of adipose-derived stem cells is necessary to understand
their pathophysiological roles in metabolism and therapeutic relevance in regenerative
medicine. Thus, it is an object of the present invention to identify methods that help to

differentiate adipose-derived stem cells from different origins.

SUMMARY
[0006] In a first aspect, the present invention refers to a method of identifying the origin
of adipose-derived stem cells, comprising detecting at least one cell-surface marker selected
from a group consisting of CD10, CD141, CD142 and CD200. |
[0007] ‘In a second aspect, the present invention refers to a method of determining
adipogenic capabilify comprising determining the presence of CD10 in a cell capable of
adipogenesis. |
[0008] In a third aspect, the present invention refers to a method of determining
adipogenic capability comprising determining the presence of CD200 in a cell capable of
adipogenesis.
[0009] In a fourth aspect, the present invention refers to a method of using cell surface
markers, as defined herein, wherein the cell surface markers are used in a high-throughput

screening assay for drugs or compounds that would enhance adipogenesis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]  The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying
drawings, in which: | |

[0011] Figure 1 shows images representing the various stages and the validation used
during high content screening of adipose-derived stem cells for potential depot-specific cell
surface markers. (A) shows a graphic representation of the strategy applied for screening and
identification of cell surface markers. (B) shows representative fluorescence images of
subject S1-derived subcutaneous adipose-derived stem cells and visceral adipose-derived
stem cells immunostained with conventional mesenchymal stem cell markers (CD73, CD90

and- CD105 in red). Hoechst 33342 was used to stain nuclei of all live cells in blue. Bone-
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marrow-derived mesenchymal stem cells and human foreskin fibroblasts (HFF-1) were used
as controls. (C) shows further representati{/e fluorescence images suggesting depot-specific
expression of CD10 and CD141 in subcutaneou_s—derived adipose stem ceils (subject S1 and
commercial source) and that of CD142 and CD200 in visceral adipose-derived stem cells
(subject S1). The cells were stained with Alexa Fluor 647-conjugated secondary antibody,
following primary staining with antibodies frdm BD Lyoplate™ Human Cell Surface Marker
Screening Panel, and the nuclei were counterstained with Hoechst 33342. The fluorescence
images for all other markers with at least one positive signal from the Lyoplate screening are
available in Figures 11 to 68. |

[0012]  Figure 2 depicts the mRNA and protein expression profiles of CD10 and CD200
in subcutaneous ahd visceral adipose-derived stem cells across subjects. (A) shows line
graphs representing‘ gqPCR data showing the relative expression level of CD10 and CD200
between subcutaneous adipose-derived stem cells (expression level normalized as 1) and
visceral adipose-derived stem cells across subjects Sl to S6. (B) shows images of a Western
blot analysis showing the protein expression of CD10 between subcutaneous adipose-derived
stem cells and visceral adipose-derived stem cells across subjects S1 to S3 and in commercial
subcutaneous adipose-derived stem cells. The protein expression of CD200 was not shown
due to unavailability of an antibody with satisfactory quality for Western blotting.

[0013]  Figure 3 shows histograms representing the results of a flow cytometry analysis of
subcutaneous and visceral adipose-derived stem cells populations. The histograms shown in
(A) show that both the subcutaneous and visceral adipose-derived stem cells of all subjects
expressed the conventional mesenchymal st‘em'cell markers, as represented by subject S1. (B)
depicts histograms showing CD10-expressing cell populations that were almost exclusively
found in the subcutaneous adipose-derived stem cells across subjects S1 to S12. (C) further
shows histograms showing that CD200-expressing cell populations were predominantly
found in the visceral adipose-derived stem cells across subjects S1 to S12.

[0014] Figure 4 shows histograms illustrating the correlation of CD10 and CD200
expression levels and adipogenesis. The data depicted in (A) shows that subcutaneous
adipose-derived stem cells differentiated better than their visceral adipose-derived stem cells
counterparts into adipocytes in response to standard adipogenic stimulation. Adipogenesis of
adipose-derived stem celxls was induced using the standard adipogenic cocktail including

indomethacine for D0-D4, followed by maintenance medium with insulin alone (D4-D12).
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The mRNA expression level of CD10 positively correlated with induction of adipogenesis, as
determined by qPCR. On the othef hand, a negative correlation was observed for CD200
(data represented by S6). (B) shows column histograms and Western blot images, showing
increased CD10 protein expressidn in response to adipogenic stimulation. The densitometfy
reading of CD10, measured by ImageJ software, was normalised against B-actin as a loading
contro] (represented by commercial subcutaneous adipose-derived stem cells). (C) shows data
illustrating that CD10™ cells sorted from subcutaneous adipose-derived stem cells
differentiated better than their CD10" counterparts. Represeritative data is shown for subject
S4, with similar results obtained in other subjects. (D) shows histograms and images of
CD200" cells sorted from visceral adipose-derived stem cells showed that these differentiated
better than the CD200™ counterparts. Repreéentative data is shown for subject S2, with
similar results seen in other cells. Statistical significance was assessed by using Student’s t-
test. |

[0015]  Figure 5 shows representative images showing higher adipogenic potential of
subcutaneous adipose-derived stem cells in comparison with respective visceral adipose-
derived stem cells isolated from 4 subjects. Adipose-derived stem cells were subjected to
standard adipogenic stimuli, and stained with Oil Red O.

[0016]  Figure 6 shows a fluorescence image montage highlighting the consistent depot-
dependant expression of CD10 and CD200 across subjects S1 to S3 in the follow-up high
content screening. In contrast, other cell surface markers represented by CD141 and CD142
were not consistent across individuals. '

[0017] | Figure 7 shows column graphs of qPCR data illustrating the relative expression
level of CD10 and CD200 between subcutaneous adipose-derived stem cells from inguinal
region (expression level defined as 1) and visceral adipose-derived stem cells from
epididymal (EP) and mesenteric (MS) regions. These adipose-derived stem cells were
isolated from two pools of five mice, fed with normal chow (N) or high-fed diet (H).

[0018]  Figure 8 shows line graphs of qPCR data showing the mRNA expression level of
adipogenic markers (PPARy and aP2) during the course of adipogenesis. Adipogenesis of

- adipose-derived stem cells was induced using the standard adipogenic cocktail includihg

indomethacine for day 0 to day 4 (D0-D4), followed by maintenance medium with insulin
alone (day 4 to day 12). The expression level of PPARy and aP2 positively correlated with
CD10 expression but negatively correlated with that of CD200 (see Figure 4A).
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[0019]  Figure 9 shows histograms illustrating the flow cytometry sorting of (A)
subcutancous adipose-derived stem cells into CD10"™ and CD10" populations (representative

data shown for subject S4) and (B) visceral adipose-derived stem cells into CD200" and

CD200" populations (representative data shown for subject S2).

[0020]  Figure 10 shows micrograph images illustrating the results of osteogenesis and

chondrogenesis assays of isolated ASCs. Images show Alizarin Red S (osteoblast dye) and

Alcian Blue (chondrocyte dye) staining of subcutaneous adipose-derived stem cells.

[0021] Figures 11 to 68 shows fluorescence images of 58 cell surface markers that had at

least one positive signal in any of the five cell lines tested. The cells were stained with Alexa

Flﬁor 647-conjugated secondary antibody, following primary staining with antibodies from

BD Lyoplate™ Human Cell Surface Marker Screening Panel, and the nuclei were

counterstained with Hoechst 33342. Two images were provided for each marker/cell line,

with the left images showing the cell surface marker staining alone and the right images

showing the cell surface marker staining together with the Hoechst staining. Average signal

intensities of the individual cell surface markers were assessed by MultiWave Scoring using
the MetaXpress software. The Plate Acquisitionb Summary is as follows: 80 ms for

wavelength DAPI (for Hoechst 33342 staining) and 500 ms for wavelength Cy5 (for Alexa

Fluor 647 staining). The image scaling was used for Cy5 (for Alexa Fluor 647 stained

samples) with a minimum of 105 and a maximum of 200.

DETAILED DESCRIPTION OF THE PRESENT INVENTION
[0022]  Adipose-derived stem cells (ASCs) from the anatomically distinct adipose tissue,
such as subcutaneous and visceral depots of white adipose tissues (WATs), differ in their
inherent properties. However, littie is known about the molecular identity and definitive
markers of adipose-derived stem cells from these depots. In view of this, there is a need to
develop a method for identifying the origin of adipose-derived stem cells, tracking and

screening of depot-specific stem cell populations. To this end, adipose-derived stem cells

- from exemplary sources, such as subcutaneous fat (SC-ASCs) and visceral fat (VS-ASCs) of

omental region, were isolated and studied. High content image screening of over 240 cell

‘surface markers identified several potential depot-specific markers of adipose-derived stem

cells. Hence, the present disclosure provides a method of identifying the origin of adipose-

derived stem cells by the detection of cell-surface markers.
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[0023]  As used herein, the term “identifying” refers to the ability to define or name a cell,
cell-type or origin of a cell based on defined indicators or assay resuits, e.g. a cell expressing -
a certain marker would be deemed to have originatéd from an origin known to produce or
result in cells having said marker. Indicatoré and methods that can be used for this purpose‘
can be protein expression, nRNA, RNA, DNA, RNAIi based identification, genomic analysis,
morphological analysis and reference images, as well as cell-surface markers, for example
cluster of differentiation (CDs), and immunophenotyping. The identification may also be
made in relative terms, denoting that a higher expression of a given indicator may point
toward one cell identity, while a lower expression of the same indicator may point toward a
different cell identity, with the relative basis being defined in comparison to a normal cell or
the cell type to be achieved. |

[0024] The term “origin”, as used herein, refers to the anatomical location within a
mammalian body and may also refer to the tissue type from which the analysed cell was
isolated. Examples of anatomical and tissue-specific origins may be cardiac, cutaneous,
subcutaneous, visceral, dermal, sub-dermal, hepatic, pancreatic, bronchial, muscular, skeletal,
cardiovascular, lymphatic, endocrinal, immunological, nervous, re_spirat_ory, reproductive and
cerebral. In one example, the method is as disclosed herein, wherein the origin of the
identified cell is subcutaneous. In another example, the origin of the identified cell is visceral.
[0025]  As used herein, the term “adipose” or “adipose tissue” refers to connective tissue
in which fat is stored and in which cells are distended by droplets of fat. This connective
tissue, while comprising mostly of adipocytes, may also contain the stromal vascular fraction
(SVF) of cells, including pfe-adipocytes, fibroblasts, vascular endothelial cells and a variety
of immune cells (i.e. adipose tissue macrophages (ATMs)). Various types of adipose tissue
have been found in humans and most mammals, namely white adipose tissue (WAT) and
brown adipose tissue (BAT). One example of a specific subgroup of white adipose tissue is
white adipose tissue with inducible thermogenic capabilities.

[0026]  As used herein the term “adipose-derived stem cells (ASCs),” refers to stem cells
that have been derived or isolated from adipose tissue. By the convention of International
Society for Cellular Therapy (ISCT), mesenchymal stem cells from various sources,
including adipose-derived stem cells, are defined as being (i) plastic-adherent in the standard
cell culture condition, (ii) multipotent, i.e., able to differentiate into osteoblasts, adipocytes

and chondrocytes in vitro and (iii) positive for CD73, CD90 and CD105, and negative for
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CD11b or CD14, CD19 or CD79ua, CD34, CD45 and HLA-DR in their cell surface

immunophenotype. As described herein, the adipose tissue referred to can be white or brown

. adipose tissue, the main difference between the two being in their function, with white

adipose tissue being used as energy storage, and the primary function of brown adipose tissue

- being the generation of body heat.

[0027]  As used herein and in the art, the phrases "precursor cell,” "progenitor cell," and
"stem cell' may be used interchangeably and refer to either a pluripotent or lineage-
uncommitted progenitor cell, which is potentially capable of an unlimited number of mitotic
divisions to either renew itself or to produce progeny cells, which will differentiate into the

desired cell type. In contrast to pluripotent stem cells, lineage-committed progenitor cells are

- generally considered to be incapable of giving rise to numerous cell types that phenotypically

differ from each other. In mammals, there are two broad types of stem cells known:
embryonic stem cells, which are isolated from the inner cell mass of blastocysts, and adult
stem cells, which are found in various tissues. In mature organisms, stem cells and progenitor
cells act as a repair system for the body, replenishing adult tissue. In-a developing embryo,
stem cells can differentiate into all the specialized cells, namely ectoderm, endoderm and
mesoderm, but also maintain the normal turnover of regenerative organs, such as blood, skin,
or intestinal tissues. |

[0028]  As used herein, the prefix “CD” in the context of, e.g. CD10 stands for “cluster of

differentiation” and is also interchangeably used in the art with the term “cell surface

‘marker”. In this example, CD10 refers to the presence of the cluster of differentiation

molecule number 10 on cells in the human body. In some instances, the name of the cluster of
differentiation may also refer to the gene encoding said molecule. This term “CD” may be
additionally annotated using the term “+”, which denotes the presence of the cluster, whereas
“-” denotes the absence thereof.

[0029] Here, an approach was taken to identify depot-specific adipose-derived stem cell
markers, whereby high content screening assay of 242 human cell surface markers was
performed on five cell lines. Additional experiments were performed for further verification
of selected candidate markers in those five cell lines. Examples of these selected candidate
markers included CD10 and CD141 as potential subcutaneous adiposé-derived stem cells
markers, whereas CD142 and CD200 were selected as potential visceral adipose-derived stem

cells (Figure 1C).
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[0030]  As aresult, there is described herein a method of identifying the origin of adipose-
derived stem cells, the method comprising detecting at least one or two or three or four cell-
surface makers selected from a group consisting of CD10, CD141, CD142 and CD200.

f0031] As used herein, CD10, also known as neprilysin, neutral endopeptidase,
enkephalinase and common acute lymphoblastic leukemia antigen — CALLA, refers to a cell
surface metallopeptidase that inactivates a number of signalling substrates. Further, CD10 is
known in the art as a cell surface marker of mammary stem cells and that sorting by CD10
enriches sphere-forming stem / progenitor populations. - |

[0032]  As used herein, the term “CD141”, also known as Thrombomodulin (TM) or

BDCA-3, refers to an integral membrane protein generally expressed on the surface of

- endothelial cells and serves as a cofactor for thrombin. Its main function is the reduction of

blood coagulation via the conversion of thrombin to an anticoagulant enzyme from a pro-

coagulant enzyme.

- [0033]  As used herein, the term “CD142” refers to a protein, which is also known as

tissue factor, platelet tissue . factor, coagulation factor III and thromboplastin. CD142 is
generally present in sub-endothelial tissue and leukocytes, which are necessary for initiating
thrombin formation from its zymogen prothrombin, however is known to absent from cells
which are in constant contact with plasma.

[0034]  As used herein, the term “CD200”, also known as OX-2 membrane glycoprotein
(OX-2), refers to a type I membrane protein and is known to be commonly expressed on cells
originating from the hematopoietic cells, on B-cells, activated T-cells, endothelial neuronal
cells and cells of the reprodubtive organs (ovaries and placental trophoblasts). CD200 is also
a member of the immunoglobulin superfamily of proteins, whose biological function is
unclear but implicated in multiple immuno-regulatory activities of myeloid and other immune
cell types. _

[0035] * Further studies were performed to study the expression of selected cell surface
marker candidates across various subjects. It was shown that CD10 was predominantly
expressed in subcutaneous adipose-derived stem cells and that the expression of CD200 in
visceral adipose-derived stem cells was coﬁ’sistent.

[0036] Hence, there is disclosed a method as described herein, wherein the presence of
CD10 and/or CD141 is/are indicative for the presence of adipose-derived stem cells from

subcutaneous depots (SC). Further, there is also described a method, as defined herein,
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wherein the presence of CD200 and/or CD142 is/are indicative for the presence of adipose-
deﬁved stem cells from visceral depots (VC).

[0037] It was also found that the expression for CD10 and CD200 was more consistent
than the expression of CD141 and CD142 throughout all subjects, with these variations also
being found in other cell surface markers. Therefore, CD10 and CD200 were selected for
further studies. |

[0038]  Hence, in one example, there is disclosed a method is as described herein, wherein

the cell-surface maker is CD10. In another example, the cell-surface marker is CD200.

[0039]  The expression analysis of CD10 and CD200 showed that the mRNA expression of
CDI10 was consistently higher in the subcutaneous adipose-derived stem cells relative to
visceral adipose-derived stem cells, whereas that of CD200 was consistently lowei‘ in the
subcutaneous adipose-derived stem cells relative to visceral adipose-derived stem cells across
various subjects, as well as in mice. This result suggests that the depot specificity of CD10
and CD200 also holds true in mouse species. The predominant expression of CD10 by
subcutaneous adipose-derived stem cells and the higher expression of CD200 by visceral
adipose-derived stem cells were confirmed. These validation results further established CD10
as a subcutaneous adipose-derived stem cells-specific marker and CD200 as a visceral
adipose-derived stem cells-enriched marker. Hence, the presence of at least one of these cell-
surface markers, that is at least one of the clusters of differentiations, is indicative of both thev
identity and the origin of the analysed cell. Similar results can be found for CD141 and
CD142.

[0040] Hence, there is described herein is a method, as defined herein, wherein the
adipose-derived stem cells are from visceral depots (VS) or from subcutaneous depots (SC).
These depots may contain either white or brown adipose tissue. As such, in a further
example, the visceral or subcutaneous depots are of white adipose tissue, white adipose tissue
with thermogenic capabilities or brown adipose tissue. In another example, the visceral or
subcutaneous depots are of white adipose tissue.

[0041] As used herein, the terms “visceral” and “subcutaneous” refer to specific
anatomical locations from which the cell was isolated, with “subcutaneous” referring to the
layer containing fat and connective tissue further housing larger blood vessels and nerves
found beneath the dermis in an area known as the hypodermis, and “visceral” referring to the

locations around internal organs.
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[0042]  As used herein, the term “depot” refers to any area of the body in which drugs or
other substances, such as fat, are stored and from which they may be distributed. In the
present disclosure, depot refers to the area within the mammalian body, in which an
abundance of adipose tissue may be found.

[0043]  As used herein, the terms “white adipose tissue (WAT)” “white adipose tissue with
inducible thermogenic capabilities” and “brown adipose tissue (BAT)” refer to subtypes of
adipose tissue in mammals. The main difference between them is their function, with white

adipose tissue being used mainly as energy storage, and the primary function of brown

-adipose tissue being the generation of body heat. To this end and in contrast to white adipose

tissue in which adipocytes contain a single lipid fat droplet, the adipocytes in brown adipose
tissue contain numerous smaller fat droplets and a greater number of (iron-containing)
mitochondria, resulting in its distinct brown colour. Brown adipose tissue also contains more
capillaries than white adipose tissue, since it has a greater need for oxygen than most tissues.

[0044] It was also observed that the expression level of CD10 and CD200 during
adipogenesis showed that subcutaneous adipose-derived stem cells differentiated better into
mature adipocytes than visceral adipose—derived stem cells using the standard in vitro
adipogenesis protocol. The mRNA expression level of CDI10 increased. after adipogenic
stimuli. In contrast, the CD200 level decreased after adipogenesis is initiated. Further, the
adipogenic potential of adipose-derived stem cell subpopulations expressing high/low level of
CD10 or CD200 was analysed by sorting subcutaneous adipose-derived stem cells into two
populations: CD10™ and CD10® cells, and visceral adipose-derived stem cells into CD200™
and CD200" cells. After subjecting these populations to the standard in vitro adipogenesis
cocktail, the results indicated that CD.10hi cells sorted from subcutaneous adipos.e-derived
stem cells differentiate significantly better than their CD10" counterparts, and that CD200"
cells sorted from visceral adipose-derived stem cells were found to differentiate significantly
better than the CD200™ counterparts. Therefore, this data showed that CD10 is a prospective
marker for high adipogenic potentials, whereas CD200 is a predictive marker for lower
adipogenic capacities. These results are also indicative of the same for cell types that are
generally capable of adipogenesis. Without being bound by theory, preliminary indications
(data not shown) show that CD10 and CD200 may not only serve as depot-specific markers,

but may also play general key roles in adipogenic pathways. In other words, any process or
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intervention resulting in a change in CD10 and/or CD200 expression may help to influence,
and possibly improve, functional differentiation of any cells that have adipogenic capacity.
[0045]  Disclosed herein is a method of determining adipogenic capability, comprising
determining the presence of CD10 in a cell capable of adipogenesis. In one example, the |
method is as defined herein, wherein the adipogenic capability is identified by the
determination of the concentration of CD10, wherein an increased concentration of CD10
(CD10") is indicative of a cell capable of adipogenesis having a higher adipogenic capability
compared to the average cell capable of adipogenesis. In another example, the cell capable of
adipogenesis includes, but is not limited to adipose-derived stem cells, pre-adipocytes,
adipose progenitor cells, pericytes, smooth muscle cells, muscle progenitor cells,
mesenchymal stem cells, stromal cells, fibroblasts with adipogenic potentials, embryonic
stem cells, induced pluripotent stem cells and combinations thereof.

[0046] - Also disclosed herein is a method of determining adipogenic capability,
comprising determining the presence of CD200 in a cell capable of adipogenesis. In one
example, the method is as defined herein, wherein the adipogenic capability is identified by
the determination of the concentration of CD200, wherein a reduced concentration of CD200
present (CD200") is indicative of the cell capable of adipogenesis having an higher
adipogenic capability compared to the average cell capable of adipogenesis. In another
example, the cell capable of adipogenesis is an adipose-derived stem cell, as defined herein.
In a further example, the method of determining adipogenic capability is as described herein,
wherein the adipogenic capability is identified by the determination of the concentration of
CD10, wherein a high concentration of CD10 (CD10™) is indicative of an adipose-derived
stem cell from subcutaneous depots (SC) of white adipose tissue having an higher adipogenié
capability compared to the average adipose-derived stem cell of subcutaneous depot origin:
In another example, the adipogenic capability is identified by the determination of the
concentration of CD200, wherein a low concentration of CD200 present (CD200") is
indicative of an adipose-derived stem cell from visceral depots (VS) of white adipose tissue
having an higher adipogenic capability compared to the average adipose-derived stem cell of
visceral depot origin.

[0047]  As used herein, the term “determine” or grammatical variations thereof, refers to
the act of to establishing or deciding (something), especially if the decision is based on

evidence or facts. In the present example, the correlation between CD10/CD200 expression
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and the adipogenic ability of the various cell-types was correlated and stated using results of
various scientific analyses.
[0048]  As used herein, the term “adipogenic capacity” or “adipogenic potential” refers to

the capability of precursor stem cells to differentiate into adipocytes, a process also known in

the art as adipogenesis. Methods of inducing adipogenesis are known in the art and may

contain steps of exposing said cell to transcription factors or chemical compounds that
influence and modulate genetic, as well as protein, expression.

[0049]  As used herein, the term “adipogenesis” refers to a process during which fibroblast
like pre-adipocytes developed into mature adipocytes. Adipogenesis is understood in the art
to be a well-orchestrated multistep process requiring the sequential activation of numerous
transcription factors, including the CCAAT/enhancer-binding protein (C/EBP) gene family
and peroxisome proliferator activated receptor-y (PPAR-y). In order to reach maturity, these
cells must go through two vital steps: adipocyté determination and adipocyte differentiation.
The stimulators involved in this process may include, but are not limited to, peroxisome
proliferator-activated receptor y (PPAR v), insulin-like growth factor I (IGF-1), mécrophagé
colony stimulating factor. (MCSF), fatty acids, prostaglandins and glucocorticoids. Inhibitors
may include glycoproteins, transforming growth factor-§ (TGF-B), inflammatory cytokines
and growth hormone. ' '

[0050] The terms “hi”, “mid” and “ lo”, as used herein, refer to the concentration of a
certain indicator, with “lo” implying a reduced concentration of an indicator present and “hi”
implying the presence of an increased concentration of indicator. That indicator could refer
marker expression, as referred to herein, for example, the presence of a particular protein on
the surface of a cell. Generally, the terms “hi”, “mid” or “lo” are used to indicate overall
variability in cluster of differentiation (CD) expression, particularly when compared to
unstained cells of the same cell type being studied. The concentrations implied therein, are
measured in comparison to a benchmark defined by the experimenter, for example a
ubiquitously expressed cell-surface protein. In one example, the percentage of cells
expressing CD10 or other cell surface markers were determined by flow cytometry and
compared to unstained controls. It was then éhown that visceral adipose-derived stem cells
express close to 0% of CD10" cells.

[0051] As used herein the term “average” refers to the statistical or arithmetic mean,

median or mode of a batch, sample, or distribution, or sometimes any other measure of
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central tendency, with the central tendency being understood as a statistically central value or
a typical value for a probability distribution.

[0052] As used herein, the term “differentiation” refers to-a process by which a
functionally unspecialised cell becomes a more specialized cell. This process concerns cell
types with the capability for differentiation known in the art, for example, but not limited to
mesenchymal stem cells, adult and embryonic stem cells, organ-specific derived stem cells
and progenitor cells. The differentiation ability, also known as “potency” in the art, of a cell
then decreases in proportion to the stages of differentiation that have been completed by the
same cell. Stages of potency may range from totipotent to pluripotent to multipotent to
oligopotent to unipotent, with the potency decreasing with each stage. The differentiation of a
cell from one stage to another may or may not be reversible and depend on cell type,
conditions énd technical manipulation known in the art.

[0053]  Further disclosed herein is a method, as defined herein,‘wherein the method further
comprises a step of isolating the adipose-derived stem cells. In one example, the stem cells
referred to herein are isolated from an Asian sub-population. | |
[0054] - The present invention also indicates towards the association of the identified
markers with the adipogenic capability of cells isolation from subjects of differing ethnic
descents or ethnic groups. The term “ethnic” as used herein relates to-large groups of people
classed accordihg to common racial, national, tribal, religious, linguistic, or cultural origin or
background. The term “race” is a term that was once commonly used in physical
anthropology. to denote a division of humankind possessing traits that are transmissible by
descent and sufficient to characterize it as a distinct human type. Ethnic factors are used by
the Internatior_ial Conference on Harmonization in a document (ICH ES: Ethnic Factors in the
Acceptability of Foreign Clinical Data) that makes recommendations for strategies to permit
clinical data collected in one region to be used to support drug and biologic registrations in
another region while allowing for the influence of ethnic factors. In this document, ethnic
populations are classified as Asian, Black and Caucasian. For example, in its draft guideline
recommendations, the Federal Drug Administration (FDA) requires an analysis of data
according, inter alia, to demographic subgroups (age, gender, race). For ethnicity, the FDA
recommends Hispanic or Latino and not Hispanic or Latino as the minimum choice to be

offered to trial participants. For race, the minimum choices are American Indian or Alaska
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Native, Asian, Black or African American, Native Hawaiian or Other Paciﬁc Islander and
White.

[0055]  As used herein, the term “isolating™, which may also be replaced with the term
“harvesting” or “recovering”, refers to the process of extracting the desired cell, cell type or
components of a tissue from its surrounding matrix that is commonly associated with the cell
or components of a tissue. For example, the term “isolating” in this instance refers to the act
of extracting the adipose-derived stem cell from the method of the present disclosure from,
for example, adipose tissue.

[0056] In one example, the method as defined herein, is disclosed, wherein the stem cells
are isolated using a method selected from a group consisting of enzymatic. digestion,
mechanical dissociation, chemical dissociation, antibody binding, agitation, cell-sorting,
fluorescent-activated cell sorting (FACS) and combinations thereof. In another example,
there is disclosed a method of using cell surface markers, as defined herein, wherein the cell
surface markers are used in a high-throughput screening assay for drugs or compounds that
would enhance adipdgenesis. In a further example, the high-throughput screening assay
would assay for compounds that convert visceral adipose-derived stem cells into a
subcutaneous adipose-derived stem cell-like phenotype.

[0057] Known methods in the art for isolating targeted cell types may involve
dissociation enzymes such as collagenase, for enzymatic digestion. Other methods in the art
include mechanical dissociation, which is the use of physical force for dissociating the
surrounding tissue, chemical dissociation, antibody binding, agitation, cell-sorting,
fluorescent-activated cell sorting (FACS) and combinations thereof. The term “antibody
binding” refers to methods that involve antibody-target cell interaction for isolation of the
same. These methods listed here can be understood as positive or negative selection, which is
positive selection being the isolation of target cells out of a cell mix and negative selection
being the removal of the cell mix and the retention of target cells.

[0058]  As used herein the term “enzymes” refers to biological molecules that are capable
of digesting extracellular matrix that binds cells together to form tissue. In the present
disciosure, the enzymes may be dissociating enzymes that facilitate the digestion or
dissociation of cell-to-cell contact such as collagenase, trypsin, and the like that can facilitate
digestion of a tissue to single cell suspension. As used herein, the term “digestion”,

“digesting”, “dissociation” or any other grammatical permutations that can be used
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interchangeably in the art, refers to the process of breaking down extracellular matrix that
binds cells together to form tissue. Other enzymes that may be used in the context may be
chymosin, collagenase type 1, collagenase type 2, collagenase type 3, collagenase type 4,
deoxyribonucleasé I (DNasel), deoxyribonuclease II (DNasell), dispase, -elastase,
hyraluronidase, ovomucoid protease inhibitor, pancreatin,. papain, pronase, protease, trypsin,
soybean trypsin inhibitor and combinations thereof.

[0059]  As used herein, the term “high-throughput screening assay” refers to a drug-
discovery process widely used in the pharmaceutical industry. It utilizes assay and liquid
handling automation to quickly test biological or biochemical activity of a large number of
drugs or drug-like compounds. These compounds and drugs may tested for targets, including
ligands for receptors, enzymes, ion-channels or other pharmacological targets, or
pharmacologically profiling a cellular or biochemical .pathway of interest. In one example,
the compounds, as defined herein, may enhance adipogenesis. In another example, the
compounds, as defined herein, may convert cells with dysfunctional adipogénic capacity into
éells with functional adipogenic capacity. |

[0060] The invention illustratively described herein may suitably be practiced in the

_absence of any element or elements, limitation or limitations, not specifically disclosed

n on non

herein. Thus, for example, the terms "comprising”, "including", "containing", etc. shall be
read expansively and without limitation. Additionally, the terms and expressions employed
herein have been used as terms of description and not of limitation, and. there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by preferred embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this invention.

[0061]  The invention has been described broadly and generically herein. Each of the
narrower species and sub-generic groupings falling within the generic disélosure also form
part of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically recited herein.
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[0062]  Other embodiments are within the following claims and non- limiting examples. In

addition, where features or aspects of the invention are described in terms of Markush groups, .

~ those skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or sub'group of members of the Markush group.

EXPERIMENTAL SECTION

Example 1: Isolation and culture of adipose-derived stem cells

[0063]  The herein disclosed cell surface marker analyses were performed on subcutaneous
adipose-derived stem cells, which are easily and routinely obtained by liposuction procedure.
In this case, white adipose tissue was isolated from the subcutaneous (abdominal region) and
visceral (omental region) depots from a cohort of seven human obese volunteers (subjects Sl
to 12), with body mass index (BMI) of more than 30, undergoing bariatric surgery (Table 1).
This was done with informed consent from all subjects and approved by the NHG Domain
Specific Review Board (DSRB) at National Healthcare Group, Singapore. Adipose-derived
stem cells were then isolated from the white adipose tissue by collagenase digestion and
cultured, up to passage 10, in high glucose Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 15% fetal bovine serum, non-essential amino acid, penicillin streptomycin
and 5 ng/ml basic human fibroblast growth factor (bFGF) as described previously (Sugii et
al., 2011). All cells were maintained at 37°C in a 5% CO, humidified incubator. The medium
was changed every 2-3 days. Adipose-derived stem cells were checked for their multipotent
capacity by osteogenesis (STEMPRO Osteogenesis Differentiation Kit) and chondrogenesis
(STEMPRO Chondrogenesis Differentiation Kit) assays, followed by Alizarin Red S and

Alcian Blue stainings, respéctively (Figure 10), in addition to adipogenesis described below.
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Table 1: Donor information

Subject | Age | Sex | Ethnic group
S1 43 F Malay
S2 36 M Malay
S3 54 F Indian
S4 51 F Malay
S§- 53 M Malay
S6 35 | F Maley
S7 51 F Malay
S8 39 F Chinese
S9 26 F Malay

S10 34 F Chinese
S11 37 M Chinese
S12 25 F Chinese

Example 2: High content screening

[0064]  In order to study molecular marker differences of stem cell populations of different
depots, stromal vascular fractions of subcutaneous (SC) and visceral (VS) fat depots were
isolated and adipose-derived stem cells were enriched by serial passage culture of the stromal
vascular function as previously described. The approach consisted of three stages in order to
identify depot-specific adipose-derived stem cell markers (Figure 1A). High content
screening assay of 242 human cell surface markers using BD Lyoplate Human Cell Surface
Marker Screening Panel (BD Biosciences) was performed on subcutaneous and visceral
adipose-derived stem cells from subject S1, commercial subcutaneous adipose-derived stem
cells (Lonza PT-5006), bone-marrow-derived-mesenchymal stem cells (Lonza PT-2501) and
human foreskin fibroblasts HFF-1 (ATCC SCRC-1041) according to the manufacturer’s
manual. ' |

[0065] Both subcutaneous and visceral adipose-derived stem cells of subject S1 as well as
bone marrow derived-mesenchymal stem cells were positively immunostained with the
conventional mesenchymal markers, CD73, CD90 and CD105 (Figure 1B). The negative

control HFF-1 was also stained positively to some extent, especially for CD90, indicating
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limitation of the existing markers. Based on the fluorescence intensity analysed using image
analysis software and visual confirmation, cell surface marker candidates that showed
differential immunofluorescence signals between subcutaneous and visceral adipose-derived
stem cells in the high content screening were selected for further studies. Fluorescence
images of all the markers that had at least one positive signal are shown in Figures 11 to 68.
Examples of these included CD10 and CD141 as potential subcutaneous adipose-derived

stem cells markers, whereas CD142 and CD200 were selected as potential visceral adipose-

derived stem cells (Figure IC). Without being bound by theory, it was deduced that intrinsic

differences in their molecular properties lead to the phenotypic variation of subcutaneous
adipose-derived stem cells and visceral adipose-derived stem cells and that that was reflected

by the expression difference in their cell surface markers. It was seen that CD10" cells sorted

from subcutaneous adipose-derived stem cells differentiated better than their CD10"

counterparts, whereas CD200" visceral adipose-derived stem cells differentiated better than

CD200" visceral adipose-derived stem cells. The expression of CD10 and CD200 is thus

depot-dependant and associates with adipogenic capacities.

Example 3: Immunofluorescence analysis for marker expression

[0066]  Follow-up immunofluorescence studies, immunostaining and immunoblot assays
were performed independently to study and verify the expression of selected cell surface
marker candidates across subjects S1 to S3, as well as of commercial subcutaneous adipose-
derived stem cells, bone marrow-derived mesenchymal stem cells and HFF-1. At the final
stage, a total of 12 human subjects and mice, with either normal weight or obesity, were
investigated for determination of specific markers by experimental analyses such as flow
cytometry and quantitative PCR.

[0067] The immunofluorescence cell images of four regions per well were acquired using
automated fluorescence microscope system (ImageXpress Micro, Molecular Device).

Fluorescence intensity was analysed by using MetaXpress cellular image analysis software

-and visual confirmation. Marker candidates were selected based on combination of two

methods. First, signal intensities estimated by the software are considered. In addition,
manual visual identification was performed for those samples with signal intensities are too
weak to give significant values due to different efficiencies of staining by individual

antibodies.
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[0068]

The results demonstrated that predominant expression of CD10 in subcutaneous

adipose-derived stem cells and that of CD200 in visceral adipose-derived stem cells was

consistent across subjects S1 to S3 (Figure 6). On the other hand, CD141, for example, was

found to be predominantly expressed in subcutaneous adipose-derived stem cells in subject

S1, but not in subjects S2 and S3. Similarly, CD142 was predominantly expressed in visceral

-adipose-derived stem célls in subjects S1 and S2, but not in subject S3 (Figure 6). Variations

were also found in other cell surface markers, consistent with the recent report of
heterogeneities in surface marker expression found among individual subcutaneous adipose-
derived stem cells. Therefore, heterogeneous markers such as CD141 and CD142 were

excluded, and CD10 and CD200 were selected for- further studies.

Example 4: Real time quantitative polymerase chain reaction (QPCR)
[0069]

and treated with DNase I to remove genomic DNA. cDNA conversion was performed using

the RevertAid H minus first strand cDNA synthesis kit (Fermentas, USA) with oligo d(T) 18

Total RNA from the cultured cells was extracted using Trizol reagent (Invitrogen)

primer according to manufacturer’s instructions. For gPCR, cDNA samples were analysed in

‘triplicates using the SYBR® Green PCR Master Mix reagent kit (Applied Biosystems) on a

StepOnePlus™ Real-Time PCR System (Applied Biosystems) using the primer pairs shown
in Table 2. Relative mRNA levels were calculated and normalized to that of GAPDH.

Table 2: Primer pairs for Real time quantitative PCR analysis

Gene SE;\I%{D Forward Sl;%fD Reverse
WCDIO ) - | TTGTTGGCACTGATG 5 TCCAGTGCATTCATA
ATAAGAATTC GTAATCTCTAGAAG
WCD200 3 TGTGACCGACTTTAA 4 TTAGGGCTCTCGGTC
. GCAAACCGTC CTGATTCC
GAACTTTGCCCAGG GCGGCAATGAAAGG
mCdl10 5 6
TGTGGT CATCTG
mCd200 . GAGCACAGCTCAAG g - GTTTTCTGGGCTCAC
TGGAAGT GGCTT
WPPARG 9 GACAGGAAAGACAA 10 GGGGTGATGTGTTTG
CAGACAAATC AACTTG
haP? 1 CCTTTAAAAATACTG 12 GGACACCCCCATCTA
AGATTTCCTTCA AGGTT
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hGAPDH/[ [ CAAGGTCATCCATGA 4 GGCCATCCACAGTCT
mGapdh CAACTTTG _ TCTGG

Example 5: Immunoblot analysis

[0070] Cell lysates were prepared Nonidet-P40 (NP-40) buffer containing protease
inhibitors. Protein quantifications were performed using the Bradford Protein Assay
(BioRad). Equal amourrts of protein (20 pg) were loaded into 10% SDS-PAGE mini gels and
blotted onto a nitrocellulose membrane by using the iBlot Dry Blotting System (Invitrogen).
Membranes were blocked in 3% BSA for 1 h at room temperature. They were then probed
with primary antibodies overnight at 4°C, followed by HRP-conjugated secondary antibodies
for I h at room temperature. Primary antibodies used were anti;CDIO (Leiea Microsystmes

CD10-270-L-CE) and anti-B-Actin (Santa Cruz).

Example 6: Flow cytometry and cell sorting

[0071]  For immunophenotypic characterization, ASCs were trypsinised and a total of 2 x
10° cells were suspended in 0.2 ml staining buffer (DMEM without phenol red with 2% FBS) -
for immunostaining. The cells were incubated for 30 min on ice, either directly with a
ﬂuorochrome-conjugafed antibody or with an unconjugated primary antibody followed by an
appropriate secondary antibody conjugated with fluorochrome. Antibodies against CD10,
CD73, CD90, CD105 and CD200 were of the same clones as thoée provided in the BD
Lyoplate (BD Biosciences, U/SA). The stained cells were washed and suspended in sorting
buffer (PBS with 0.5% BSA and 2mM EDTA) before analysis by flow cytometry (LSRII, BD
Biosciences). Cells for sorting were processed in a similar manner before sorted by Moflo
XDP Cell Sorter (Beckman Coulter).

[0072] = The flow cytometry analysis was performed to study the subpopulation
composition of the cultured adipose-derived stem cells. As control, both the subcutaneous
and visceral adipose-derived stem cells of all subjects expressed the conventional
mesenchymal stem cell markers by this énalysis (Figure 3A). Flow cytometry showed
predominant expression of CD10 by subcutaneous adipose-derived stem cells [CD10+
subcutaneous adipose-derived stem cells: mean 40.8% (range of 16.7%-69.1% across
subjects S1 to S12) versus CD10+ visceral adipose-derived stem cells: mean 1.9% (0.2%-
6.6%)] (Figure 3B). Similarly, higher expression of CD200 by visceral adipose-derived stem

cells [CD200+ subcutaneous adipose-derived stem cells: mean 21.0% (4.3%-40.2%) versus
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CD200+ visceral adipose-derived stem cells: mean 70.6% (45.9%-95.4%)] was observed
(Figure 3C). These validation result further established CD10 as a subcutaneous-adipose-
derived stem cells -specific marker and CD200 as a visceral adipose-derived stem cells -

enriched marker.

Ex‘ample 7: mRNA and protein expression of CD10 and CD200

[0073] Real-time quantitative polymerase chain reaction (QPCR) showed that the mRNA
expression of CD10 was consistently higher in the subcutaneous adipose-derived stem cells
relative to visceral adipose-derived stem cells, whereas that of CD200 was consistently lower
in the subcutaneous adipose-derived stem cells relative to visceral adipose-derived stem cells
across subject S1 to S6 (Figure 2Aj. This was complemented by protein expression analysis
using Western blotting of CD10 (Figure 2B).

[0074] Results indicafe that adipose-derived stem cells from visceral depots would not
express CD10, in contrast to commonly studied adipose-derived stem cells from
subcutaneous depots. A high CD200 expression in mesenchymal stem cells isolated from
Wharton’s jelly was shown, compared to bone-marrow-derived mesenchymal stem cells and
(presumably subcutaneous) adipose-deﬁved stem cells. It was hypothesized - that the
inflammatory environment of Wharton’s jelly contributed to higher mesenchymal stem cell
expression of CD200. Visceral fat depots are thought to have similar inflammatory conditions
and may result in abundant expression of CD200. Furthermore, CD200 was identified as a
marker to enrich endocrine cell populations derived from human embryonic stem cells in
order to isolate pancreatic progenitor lineages, possibly indicating an endocrine origin of

visceral fat-derived cells.

Example 8: Mouse studies

[0075] 39 week old male C57BL6/J mice were fed either with normal chow or high fat
diet for 27 weeks (5 mice per feeding group). Inguinal (subcutaneous), epididymal and
mesenteric fat depots were harvested, and ASCs were isolated as described herein. mRNA
was isolated from the cultured ASCs, then used for the qPCR analysis. This animal work was
approved .by the Institutional Animal Care and Use Committee of Biological Resource

Centre, Singapore.
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[0076] In order to verify that these depot-specific markers are also valid in another
species, the expression of CD10 and CD200 was investigated in mouse. C57BL6/J mice were
either fed normal chow (NC), or high fat diet (HFD) to become obese. The 1body weight was
39.9+0.83g for NC and 60.0+0.95g for HFD mice (n=5). Mouse adipose-derived stem cells
from inguinal (subcutaneous), epididymal (visceral) and mesenteric (visceral) fat depots were
isolated from these animals. The qPCR analysis indicated that CD10 is predominantly
expressed in subcutaneous fat, while CD200 is highly expressed in visceral (epididymal and
mesenteric) fat in both NC- and HFD-fed mice (Figure 7). This result suggests that the depot
specificity of CD10 and CD200 holds true in mouse species and that the diet condition would
not affect this specificity.

Example 9: Oil Red O staining

[0077]  For detecting lipids in cells and to ascertain the adipogenic capability of the same,
cells were seeded in 12- or 24-well plates and adipogenesis was induced on day 0, 2 days
after the cells reaching confluence state, with adipogenic cocktail containing 1 pM
dexamethasone, 0.5 mM isobutylmethylxanthine (IBMX) and 167 nM insulin plus 1 uM
pioglitazone or 100 uM indomethacin in the absence of bFGF. On day 4, cells were switched
to medium with 167 nM insulin and maintained till at least day 12. The cells were then fixed
in 3.7% formaldehyde in PBS for 1 h, washed with 60% isopropanol, air-dried aﬁd stained
with Oil Red O solution (in 60% isopropanol) for 1 h followed by repeated washing with
water. Stained cells were imaged‘ on Nikon TS100 microscopes. After air-dried, stained lipids
were extracted by using isopropanol for lipid content measurements. The absorbance of

extracted solution was measured at 500 nm wavelength.

Example 10: Expression level of CD10 and CD200 during adipogenesis and the
adipogenic potential of adipose-derived stem cell subpopulations expressing high/low
level of CD10 or CD200 ‘

[0078]  Subcutaneous and visceral adipose-derived stem cells were subjected to in vitro
standard adipocytic differentiation cocktail (e.g., insulin, dexamethasone and IBMX). It was
seen that subcutaneous adipose-derived stem cells underwent robust adipogenesis, whereaé
visceral adipose-derived stem cells are relatively resistant to the adipogenic stimuli as

revealed by Oil Red O staining (Figure 5). This trend of adipogenic-prone subcutaneous
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adipose-derived stem cells and adipogenic-resistant visceral adipose-derived stem cells
persisted at all the time points even when the standard adipogenesis cocktail was augmented
with pioglitazone or indomethacin, strong inducers of adipogenesis by potently activating
PPARY, a master regulator of adipogenesis.

[0079]  As described herein, subcutaneous adipose-derived stem cells differentiate better

into mature adipocytes than visceral adipose-derived stem cells using the standard in vitro

-adipogenesis protocol. In order to investigate the changes in expression of CD10 and CD200

during adipogenesis, qPCR was performed in differentiating subcutaneous adipose-derived
stem cells and visceral adipose-derived stem cells. The mRNA expression level of CD10
increased after adipogenic stimuli and this increase positively correlated with those of
adipogenic rﬁarkers, PPARy and aP2 (Figures 4A and 8). In contrast, the CD200 level
decreased after adipogenesis is initiated, and a negative correlation with those of PPARY and
aP2 was observed (Figure 4A). Increase of CD10 duﬁng adipogenesis of sﬁbcutaneous
adipose-derived stem cells was also confirmed at the protein level by Western blot (Figure
4B). |

[0080]  The results herein led to the postulation that subcutaneous adipose-derived stem
cells specific CD10 may mark cell populations with more adipogenic capacities, whereas
visceral adipose-derived stem cells specific CD200 may mark those with less adipogenic
capacities, which are consistent with intrinsic properties of respéctive adipose-derived: stem
cells.. In order to test the hypothesis, subcutaneous adipose-derived stem cells were sorted
into two populations: CD10™ and CD10" cells (Figure S5A). Similarly, visceral adipose-
derived stem cells were sorted into CD200™ and CD200° cells (Figure S5B). These
populations were subjected to the standard in vitro adipogenesis cocktail. The result indicated
that CD10™ cells sorted from subcutaneous adipose-derived stem cells differentiate
significantly better than their CD10"* counterparts, as revealed by oil red O staining and
absorbance reading of its extracted solvents (Figure 4C). Conversely, CD200" cells sorted
from visceral adipose-derived stem cells were found to differentiate significantly better than
the CD200" counterparts (Figure 4D). These data suggest that CD10 is a prospective marker
for high adipogenic potentials, whereas CD200 is a predictive marker for lower adipogenic
capacities.

[0081] It has been demonstrated herein that CD10 and CD200 show consistent differential

expression profiles between subcutaneous and visceral adipose-derived stem cells. The
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expression level of these markers correlated with the cell’s‘adipogenié capacity, that is, there
is a positive correlation of CD10 and a negative correlation of CD200 with probability of .
adipogenesis. Thus, CD10 and CD200 can be used as prospective markers for the
identification of the adipogenic capability of adipose-derived stem cells. Despite importance
of cell surface markers to identify and track stem cells, including mesenchymal stem cells
and adipose-derived stem cells and known pathophysiological differences between
subcutaneous and visceral fat depots, previous studies that have comprehensively examined
differences of surface marker expression in the depot-specific manner have not been found.
Identiﬁcation of these depot-specific markers would allow differential isolation, visualisation

and characterisation of adipose-derived stem cells in the depot-specific manner.
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Claims

A method of identifying the origin of adipose-derived stem cells, comprising
detecting at least one cell-surface marker selected from a group consisting of CD10,

CD141, CD142 and CD200.
The method of claim 1, wherein} the cell surface marker is CD10.
The method of claim 1, wherein the cell surface marker is CD200.

The method of claim 1, wherein the adipose-derived stem cells are from visceral

depots (VS) or from subcutaneous (SC) depots.

The method of claim 4, wherein the visceral (VS) or subcutaneous (SC) depots are

selected from a group consisting of white adipose tissue and brown adipose tissue.

The method of claim 5, wherein the white adipose tissue is white adipose tissue with

inducible thermogenic capabilities. -

The method of claim 1, wherein the presence of CD10 and/or CD141 are indicative

for the presence of adipose-derived stem cells from subcutaneous depots (SC).

The method of claim 1, wherein the presence of CD142 and/or CD200 are indicative

for the presence of adipose-derived stem cells from visceral depots (VS).

A method of determining adipogenic capability comprising determining the presence

of CD10 in a cell capable of adipogenesis.

The method of claim 8, wherein the adipogenic capability -is identiﬁbed by the
determination of the concentration of CD10, wherein an increased concentration of
CD10 (CDthi) is indicative of a cell capable of adipogenesis having a higher
adipogenic capability compared to an average, unstained cell capable of adipogenesis

of the same cell type.
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The method according to claim 9, wherein the cell capable of adipogenesis is selected

- from a group consisting of adipose-derived stem cells, pre-adipocytes, adipose -

progenitor cells, pericytes, smooth muscle cells, muscle progenitor cells,
mesenchymal stem cells, stromal cells, fibroblasts with adipogenic potentials,

embryonic stem cells, induced pluripotent stem cells and combinations thereof.

The method of claim 10, wherein the adipogenic capability is identified by the
determination of the concentration of CD10, wherein an increased concentration of
CD10 (CD10") is indicative of an adipose-derived stem cell from subcutaneous
depots (SC) of white adipose tissue having an higher adipogenic capability compared

to the average adipose-derived stem cell of subcutaneous depot origin.

The method of claim 8, wherein the method further comprises a step of isolating the

adipose-derived stem cells.

The method of claim 12, wherein the stem cells are isolated using a method selected
from a group consisting of enzymatic digestion, mechanical dissociation, chemical
dissociation, antibody binding, agitation, cell-sorting, fluorescent-activated cell

sorting (FACS) and combinations thereof.

A method of determining adipogenic capability comprising determining of the

presence of CD200 in a cell capable of adipogenesis.

The method of claim 14, wherein the adipogenic capability is identified by the
determination of the concentration of CD200, wherein a reduced concentration of
CD200 present (CD200") is indicative of the cell capable of adipogenesis having an
higher adipogenic capability compared to an average, unstained cell capable of

adipogenesis of the same cell type.

The method according to claim 15, wherein the cell capable of adipogenesis is
selected from a group consisting of adipose-derived stem cells, pre-adipocytes,

adipose progenitor cells, pericytes, smooth muscle cells, muscle progenitor cells,
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mesenchymal stem cells, stromal cells, fibroblasts with adipogenic potentials,

embryonic stem cells, induced pluripotent stem cells and combinations thereof.

The method of claim 16, wherein the adipogenic capability is identified by the

.determination of the concentration of CD200, wherein a reduced concentration of

CD200 present (CD200") is indicative of an adipose-derived stem cell from visceral
depots (VS) of white adipose tissue having an higher adipogenic capability compared

to the average adipose-derived stem cell of visceral depot origin.

The method of claim 14, wherein the method further comprises a step of isolating the

adipose-derived stem cells.

The method of claim 18, wherein the stem cells are isolated using a method selected
from a group consisting of enzymatic digestion, mechanical dissociation, chemical
dissociation, antibody binding, agitation, cell-sorting, fluorescent-activated cell

sorting (FACS) and combinations thereof.

A method of using cell surface markers as defined in claim 1, wherein the cell surface

markers are used in a high-throughput screening assay for drugs or compounds that

would enhance adipogenesis.

The method of claim 21, wherein the compounds convert cells with dysfunctional

adipogenicv capacity into cells with functional adipogenic capacity .
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INTERNATIONAL SEARCH REPORT International application No.

PCT/SG2014/000368

A. CLASSIFICATION OF SUBJECT MATTER
CI2N 5/0775(2010.01) C12N 5/077 (2010.01) C12N 5/00 (2006.01) C12N 5/074(2010.01) GOIN 33/53 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPI, Epodoc, Medline, Heaplus, Biosis, Embase with Keywords: Adipose, adipocyte, fat, visceral, subcutaneous, stromal, stem
cell, mesenchymal, preadipocyte, CD10, CD200, CD141, CD142, adipogenesis, adipogenic, origin, source and other like terms.

Inventor/Applicant Name search in Pubmed and The Lens

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
Documents are listed in the continuation of Box C
X | Further documents are listed in the continuation of Box C X | See patent family annex
* Special categories of cited documents:
"A"  document defining the general state of the art which is not "T" later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or ~ "Y"  document of particular relevance; the claimed invention cannot be considered to
which is cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specitied) such documents, such combination being obvious to a person skilled in the art
"o" document referring to an oral disclosure, use, exhibition o ) .
or other means & document member of the same patent family
"P"  document published prior to the international filing date

but later than the priority date claimed

Date of the actual completion of the international search
12 September 2014

Date of mailing of the international search report
12 September 2014

Name and mailing address of the ISA/AU

AUSTRALIAN PATENT OFFICE
PO BOX 200, WODEN ACT 2606, AUSTRALIA

Email address: pct@ipaustralia.gov.au

Authorised officer

Esther Ng

AUSTRALIAN PATENT OFFICE
(ISO 9001 Quality Certified Service)
Telephone No. +61 2 6283 3129

Form PCT/ISA/210 (fifth sheet) (July 2009)
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C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT PCT/SG2014/000368

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to ¢laim No.

Gronthos, S., ‘Surface Protein Characterization of Human Adipose Tissue-Derived
Stromal Cells', Journal of Cellular Physiology, 2001, vol. 189, pages 54-63
See Page 57, col. 2, paragraph 2, Table 4 and Fig. 4

9-12, 14

Aust, L. et al., “Yield of human adipose-derived adult stem cells from liposuction
aspirates’, Cytotherapy, 2004, vol. 6, no. 1, pages 7-14
See Methods and Results on page 7

9-12, 14

US 2008/0152629 Al (Edinger et al.) 26 June 2008
See Paragraph [0091]; Examples 3 and 6

9-12, 14, 15,17

EP 2514817 Al (Buddhist Tzu Chi General Hospital Hualien) 24 October 2012
See Paragraphs [0018]-[0021] and claims 5 and 6

9-12, 14

Ryu, Y-J. et al., ‘Phenotypic Characterization and /n Vivo Localization of Human
Adipose-Derived Mesenchymal Stem Cells’, Molecules and Cells, 30 June 2013, vol.
35, pages 557-564

See Page 557, col. 1, Page 558, col. 1, paragraph 2, Table 2, Discussion and Page 563,
col. 1

Festy, F. et al, ‘Surface protein expression between human adipose tissue-derived
stromal cells and mature adipocytes’, Histochemistry and Cell Biology, 2005, vol. 124,
pages 113-121

See Page 114, Table 2 and Fig. 2

Baglioni, S. et al., ‘Functional Differences in Visceral and Subcutaneous Fat Pads
Originate from Differences in the Adipose Stem Cell’, PLoS ONE, 2012, vol. 7, issue 5,
article ¢36569

Lack of Unity

P.X

El

Ong, W. K. et al., ‘Identification of Specific Cell-Surface Markers of Adipose-Derived
Stem Cells from Subcutancous and Visceral Fat Depots’, Stem Cell Reports, 11
February 2014, vol. 2, pages 171-179

See the whole document

1-22

P.X

Sugii, S., ‘Molecular signatures of adipose-derived stem cells: potential for metabolic
programming’, Obesity Reviews, March 2014, Vol. 15, Supplement 2, Page 20, Article
T1:84.01

See the whole document

1-22
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Box No.I  Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search
was carried out on the basis of a sequence listing filed or furnished:

a. (means)

|:| on paper

I:I in electronic form

b.  (time)
D in the international application as filed
D together with the international application in electronic form
D subsequently to this Authority for the purposes of search
2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that in the application as filed or

does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
A sequence listing was filed but it was not used for the purposes of this search and opinion.

Form PCT/ISA/210 (second sheet) (July 2009)
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Box No. I  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons:

l. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

the subject matter listed in Rule 39 on which, under Article 17(2)(a)(i), an international search is not required to be
carried out, including

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3, I:I Claims Nos:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See Supplemental Box for Details

1. I:I As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

9. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

3 As only some of the required additional search fees were timely paid by the applicant, this international search report
— covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
— restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable,

the payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable
protest fee was not paid within the time limit specitied in the invitation.

1 O [

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (third sheet) (July 2009)
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Supplemental Box

Continuation of: Box IIT

The international application does not comply with the requirements of unity of invention because it does not relate to one invention
or to a group of inventions so linked as to form a single general inventive concept. The International Search Authority has found
that there are 6 different inventions based on the following features that separate the claims into different inventions as follows:

Invention 1: Claim 2 (in full) and claims 1, 4-7, 13, 21 and 22 (all in part). The feature of using CD10 to identify the origin of
adipose-derived stem cells is specific to this group of claims.

Invention 2: Claims 1, 4-7, 13, 21 and 22 (all in part). The feature of using CD141 to identify the origin of adipose-derived stem
cells is specific to this group of claims.

Invention 3: Claims 1, 4-6, 8, 13, 21 and 22 (all in part). The feature of using CD142 to identify the origin of adipose-derived stem
cells is specific to this group of claims.

Invention 4: Claim 3 (in full) and claims 1, 4-6, §, 13, 21 and 22 (all in part). The feature of using CD200 to identify the origin of
adipose-derived stem cells is specific to this group of claims.

Invention 5%; Claims 9-12 and 14 (in full). The feature of determining the presence of CD10 to determine adipogenic capability of
a cell capable of adipogenesis is specific to this group of claims.

Invention 6*; Claims 15-18 and 20 (in full). The feature of determining the presence of CD200 to determine adipogenic capability
of a cell capable of adipogenesis is specific to this group of claims.

In the above groups of claims, the identified features may have the potential to make a contribution over the prior art but are not
common to all the claims and therefore cannot provide the required technical relationship. The only feature common to all of the
claims and which provides a technical relationship among them is the use of cell surface markers to characterise cells and determine
adipogenic capability. However this feature does not make a contribution over the prior art because it is disclosed in:

D3: US 2008/152629 Al (Edinger et al. ) 26 June 2008

D7: Baglioni, S. et al., ‘Functional Differences in Visceral and Subcutaneous Fat Pads Originate from Differences in the Adipose
Stem Cell’, PLoS ONE, 2012, vol. 7, issue 5, €36569

US 2008/152629 Al discloses a method of determining the presence of CD200 and CDI10 on placental stem cells that have
adipogenic capability (Examples 3 and 6).

Baglioni, S. et al. 2012 discloses immunophenotyping of adipose stem cells from subcutaneous (S-ASC) and visceral omental pads
(V-ASC) (Fig. 1F). It further discloses a difference in adipogenic potential between S-ASCs and V-ASCs such that S-ASCs have
greater plasticity, proliferation and differential potential compared to V-ASCs (page 12, last paragraph).

Therefore in light of these documents, this common feature cannot be a special technical feature.

Therefore there is no special technical feature present in the claims and the requirements for unity of invention are consequently not
satisfied a posteriori.

*Note that Claim 10 has been appended to claim 9 and claim 16 has been appended to claim 15 (See Box VIII of the Opinion).

Form PCT/ISA/210 (Supplemental Box) (July 2009)
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Information on patent family members
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This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date

US 2008/0152629 Al 26 June 2008 AU 2020902 A 18 Jun 2002
AU 2002220209 B2 25 May 2006
AU 2002243980 B2 23 Aug 2007
AU 2002251935 B2 29 Nov 2007
AU 2003216286 Al 04 Sep 2003
AU 2003216286 B2 28 Aug 2008
AU 2006304277 Al 26 Apr 2007
AU 2006304277 B2 05 Jul 2012
AU 2006332678 Al 12 Jul 2007
AU 2006332678 B2 05 Dec 2013
AU 2006332679 Al 12 Jul 2007
AU 2008216749 Al 21 Aug 2008
AU 2008216749 B2 13 Mar 2014
AU 2008249204 Al 18 Dec 2008
AU 2008249204 B2 10 Mar 2011
AU 2011202711 Al 30 Jun 2011
AU 2011202711 B2 02 Feb 2012
AU 2012203286 Al 21 Jun 2012
CA 2430989 Al 13 Jun 2002
CA 2437957 Al 22 Aug 2002
CA 2438153 Al 22 Aug 2002
CA 2476553 Al 21 Aug 2003
CA 2624925 Al 26 Apr 2007
CA 2633775 Al 12 Jul 2007
CA 2635253 Al 12 Jul 2007
CA 2677397 Al 21 Aug 2008
CA 2678490 Al 13 Jun 2002
CA 2796875 Al 22 Aug 2002
CA 2856662 Al 26 Apr 2007
CA 2856986 Al 22 Aug 2002
CN 101326280 A 17 Dec 2008
CN 101389754 A 18 Mar 2009

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
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