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METHOD FOR ISOLATING STROMAL VASCULAR FRACTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] - This application claims the benefit of priority of Singapore patent application No.

2013053095, filed 10 July 2013, the contents of it being hereby inéorporated by reference in

its entirety for all purposes.

FIELD OF THE INVENTION
[0002]) The présent invention relates to the field of molecular biology. In particular, the

present invention relates to an apparatus for use in cell isolation.

BACKGROUND OF THE INVENTION
[0003] = Stem cells are ideal sources for déveloping regenerative therapeutics. Typically,
stem cells present in the human body are limitcd in_numbef, and protocols to fully optimize
their efﬁcienvcy‘ of 'pﬁriﬁcation and use are still under development. Fat tissue or édipose,
tissue has inéreasingly been recognized as a promising source of stem cells that are
potentially beneficial for regenerative medicine. In addition to mature adipoéytes, adipose
tissue contains relatively abundant progenitor and mesenchymal stem cell (MSC) .populations
in the sﬁomal vascular fraction (SVF) (see F_iguré 1). It is estiﬁated that as many as 1% of |
stromal vascular fracﬁon cells are mesenchymal stem cells, which in the present disclosure
also called adipose-derived stem cells (ASCs). This is in c;ontrast to mesenchymal stem cells

representing only 0.001-00.2% in the bone marrow, which is considered a standard hub of

- adult stem cells (Fraselj et al. 2006).

[0004] In view of the rise in obesity in Singapore and worldwide, fat tissue pose as a
unique reservoir of stem cells that is available in abundance and> 1s relatively easy to obtain.
Liposuction, a procedure to remove excess fat tissue, is among the most common plastic
surgeries performed in the developed countries. For example, it is known that there are over
313,000 liposuction operations in the USA in 2012. Additionally, in cdntrast to bone marrow-
derived mesenchymal stem cells that require initial plating with high density (more than
50,000 cells per cm?), adipose-derived stem cells can be seeded at a density as low as 3,000
cells per cm® for subsequent growth in culture (Sotiropoulou, P.A., et al. 2006). Adipose-
derived stem cells and bone marrbw-derived mesenchymal stem cells‘ are proliferative and

multipotent, having the capacity to differentiate into limited cell types such as cells of fat,
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bone, cartilage and muscle. In addition, adipose-derived stem cells were shown to
differcﬁtiate into pancreatic endocrine éells, neurons, epithelia aﬁd endothelia, which would
be <usefu1 for tissue and cell replacement therapies (Cawthom, et al., 2012; Gimble, et al.,
2007 and Ong, W.K. and S. Sugii, 2013). Adiposé-derived stem célls can also potentially be
used for tissue and wound repair because they intrihsically secrete immunomodulatory,
angiogenic, anti;apop'totic and hematopoietic factors. There are currently more than 80
ongoing clinical trials using stromal vascular fraction cells or adipose-derived stefn cells
worldwide in a wide range of disease areas (Lim, et al., 2014).. ' -

[0005] - It has valso been demonstrated that adipose-derived stem cells are also ideal for
“reprogramming” into induced pluripotent-stem (iPS) cells (Sugii, S. et al,, 2011; Sugii, S. et
al., 2010). The reprogramming efﬁcienciés of adipose-derived stem cells are substantially

higher than those reported for human fibroblasts (up to 100 fold) and the process can be

- performed without the requirement of an animal feeder cells (WO201 1/032025A2); With the

establishment of feeder-free, xeno-free protocols to generate adipose-derived stem cells-
derived iPS cells, this opens up even wider possibilities in the applications of fat tissues, ,
especially when iPS cells, like embryonic stem cells, are theoretically capable of becoming

any cell types of a human or animal body.

- [0006] Despite potentials for adipose-derived stem cells in cell replacement and

regenerative therapies, technologies to process and develop fat tissue-derived products are
still at an early stagé. A typical protocol of adipose-derived stem cell isolation involves

digestion of isolated adipose tissue by enzyme collagenase, followed by centrifugation to

separate floating adipocytes and adipose-derived stem cells-containing stromal vascular

fraction in the pellet fraction (Lim, et al., 2014). A few companies have also developed semi-
automated devices that process fat ‘tissue and isolate stromal vascular fraction, which involves
closed ‘systerﬁs With disposables that digest adip'o_se tissue harvested by liposuction into cells,
separate and concentrate them into suspension for immediate delivery into patieﬁts (Lim, et
al., 2014). Currently, most methbds known in the art mairily use collagenase or other
dissociating enzymes for digestion. However, ﬁse of enzymes such as-collagenase can be a
safety concern as colldgenase is- commonly produced from gram;positive ~ bacteria
Clostridium histolyticum. Use of enzyme also makes quality control difficult because it has
shelf-life and lot-to-lot variability in its activity. In addition, collagenase digestion requires
long processing time (around one hour) and often results in heterogeneity in yield in cell

number. In view of the use of bacterially-derived collagenase, the process also necessitates
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extensive washing that leads to increasing total time and costs involved in the isolation or
fecovery process. Additionally, processes as known in the art also require a significant
amount of manual handling by technicians that increases the risks of contamination.

[0007] In view of the problems encountered in the art, there is a need to provide an

alternative method for recovering stromal vascular fraction from a sample.

SUMMARY OF THE INVENTION

[0008] In one aspect, there is provided a method for recovering stromal vascular fraction
from a sample. In one example, the method comprises providing a mechanical force capable
of breaking the sample into a single cell suspension whilst maintaining intact stromal
vascular fraction cells’ cellular structures, wherein the mechanical force is mincing and/or
homogenization, wherein the method is a non-enzymatic digestion, wherein the
homogenization is carried out at about 1000 rpm to about 10,000 rpm.

[0009] In another aspect, there is provided the use of the stromal vascular fraction
obtained from the method of the present invention or parts thereof in the manufacture of a
medicament for treating a subject in need of cell therapy, wherein the subject in need of cell
therapy requires any one of the following: tissue grafts, bone and cartilage repair, soft tissue
augmentation and reconstructive surgery and wound healing.

{00101  In yet another aspect, there is provided the use of the adipose-derived stem cells
obtained from the method of the present invention in the manufacture of a medicament for
treating a subject in need of cell therapy, wherein the subject in need of cell therapy requires
any one of the following: tissue grafts, bone and cartilage repair, soft tissue augmentation and

reconstructive surgery and wound healing,

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]  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:
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[0012]  Figure 1 shows an illustration of the types of cells that can be found in stromal
vascular fraction. Figure 1 provides a schematic illustration of the types of cells that can be
recovered by the method of the present disclosure.

[0013] Figure 2 shows a microscopic image of cellular growth and morphology after
isolation using typical enzymatic method known in the art and culturing to enrich adipose-

derived stem cells.
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[0014] = Figure 3 shows a microscopic image of isolated cell samples (at day 4 of culture;

at 100x magnification) as obtained by methods known in the art (i.e. by enzyme method) at ‘ '

day 4 of culture.

[0015] Figuré 4 shows a.micfoscopic image of cell samples (at day 4 of culture; at 100x
magnification) after incubation at 37°C for 1 hour followed by homogenizjng for 65 seconds/.
Figure 4 shows the microscopic image of cellular morphology of cells recovered using one
method of the present disclosure. R

[0016]  Figure S shows a microscopic image of isolatéd cell samples (at day 4 of culture;
at 100x magnification) after homogenization for 65 seconds. Figure 5 shows the microscopic
image of cellular morphology of cells recovered using one method of the pfesenf disclosure. -
[0017]  Figure 6 shows a microséopic image of isolated cell samples (at day 4 of cﬁlture;
at 100x magnification) after mincing for 5 minutes. Figure 6 shows the microscopic fmage of
cellular morphology of cells recovered using one method of the present disclosure.

[0018]  Figure 7 shoWs a microscopic image of isolated cell samples (at day 4 of culture;
at 100x magnification) after pre-treatment at 37;’C for 1 hour followed by mincing for 5 mins.
Figure 7 shows the microscopic image of cellular morphology of cells recovered using one
method of the present diéclosure.

[0019]  Figure 8 shows a bar graph depicting the number of live cell counts obtained éﬁer
performing one of the methods of the present disclosure (i.e. mincing). In partiéular_, the bar
graph shows live cell counts per 5 ml of isolated fat tissue (at day 7 of culture). Mincing
groups’ measurements are the average of three samples.\Data representative of at least 10
independent experiments. Positive control iwas' obtained using method known in the art,
which uses enzymatic digestion; negative control was mincing for 10 seconds.

[0020]  Figure 9 shows a bar graph depicting the number of live cell counts obtained after
performing one of the methods of the present disclosure in combination with lipolytic agents
(isoprena!ine and iéobutylm_ethylxanthine— IBMX). In particular, the bar graph shows live cell

counts per Sml of isolated fat tissue (at day 7 of culture). Agent groups’ measurements are the

average of two samples. Data representative of at least five independent experiments. Positive

control was obtained using method known in the» art, which usés enzymaticb digestion;
negative control was mincing for 30 seconds.

(0021] Figure 10 shows a bar graph depicting the number of live cell counts ‘obtained
after ;;erforming one of the methods of the present disclosure (i.e. mincing for 10 seconds

followed by hornbgenization for 65 seconds). Homogehization groups’ measurements are the
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average of three samples. Data representative of at least seven independent experiments. '
Positive control was obtained using method known in the art, which uses enzymatic

digestion; negative control was mincing for 10 seconds.

BRIEF DESCRIPTION OF THE TABLES ‘
[0022]  The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and ‘t.he accompanying tables,
in which:

[0023]  Table 1 shows the percentage yield of adipose-derived stem cells recovered using

 the methods of the present disclosure.

[0024]  Table 2 shows the percentage yield of adipose-derived stem cells recovered using
the methods of the present disclosur’e; wherein the method further comprises the use of non-

enzymatic agents as described herein.

| [0025]  Table 3 shows the percentage yield of adipose-derived stem cells recovered using

the methods of the present disclosure, wherein the method further comprises a combination of

other methods of isolation.

DETAILED DESCRIPTION OF THE PRESENT INVENTION
[0026] In view of the immense possit;ilities adipose-deriized stem cells, which are derived
from stromali vagcﬁlar fraction, can provide in medicine, there is a need to have a method for
recovering stromal vascular fraction. Accordingly, in ohe aspect, there is provided an
alternative method for recovering stromal vascular fraction from a sample. As used herein,
the phrase “stromal vascular ”f'raction”, “cells of stromal vascular fraction” or “stromal
vascular fraction cells” refers to a cell fraction derived from vascular (or relating to vessels
Carrying blood) component of adipose tissue that comprises ‘di‘fferent cell types including, but
not limited to, adipose-derived stem cells (e.g. mesenchymal stem.vc:ells), mesenchymal cells,
hematopoietic cells, hematopoietic stem / progenitor cells, chondrocytes, osteoblasts’,
osteoclasts, endothelial precursor or progenitor cells, endothelial cells, smooth muscle'cells,
pericytes, CD34+ cells (fypically found in umbilical cord), CD29+ cells, CD166+ cells, Thy-
1+ or CD90+ stem cells, CD44+ cells, immune cells such as monocytes; leukoicytes,
lymphdcytes, B and T cells, NK cells, macrophages, >dendritic cellé, neutrophil leukocytes,
neutrophils, eosinophils, basophilé, granulocytes, erythrocytes, megakaryocytes, platelets,

and the like including immune and other cells that express one or more of the following
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markers: CD3, CD14 (macrophage marker), CD19, CD20 (B cell marker),' CD29 (integrin

~ unit), CD31 (endothelial, platelet, macrophage, dendritic cell, granulocyte, T/NK" cells,

lymphocytes, megakaryocytes, osteoclasts, neutrophils, et al), CD44 (Hyaluronic acid
receptor), CD45 (B and T cell marker), CD56, CD73 (lymphocyte differentiation marker) and:
CD105. Also, stromal vascular fraction fnay also include cells expressing any of the markers
or any combination thereof disclosed in the present disclosure. As used herein and in the art,
the phrasés "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.

[0027] As used herein, the term “recovering”, “isolating”, or “harvesting” refers to the

process of extracting the desired fraction or components of a tissue from its surrounding

 matrix that is commonly associated ‘with the fraction or components of- a tissue. In one

LR T

example, the term “recovering”, “isolating”, or “harvesting” refers to the act of extracting the
stromal vascular fraction from adipose tissue. In another example, the term “recovering”,
“isolating”, or “harvesting” refers to the act of extracting the adipose-derived stem cell from
the stromal vascular fraction as obtained from the method of the present disclosure.

[0028] As known method for recovering stromal vascular fraction typically involves
dissociation enzymes such as collagenase, the present disclosure provides a non-enzymatic
method for recovering stromal vascular fraction from a sample. That is, the method as
described herein may not comprise énzyme digestion, which is in contrast to the method
known in the art that comprises the step of adding enzymes to the sample prior to or at the
time of performing the method of recovering the stromal vascular fraction. In other words,
the method as described heréin may not comprise exogenous enzyme digestion. As used
herein the term “en-zymes” refers to biological molecules that are capable of digesting

extracellular matrix that binds cells together to form tissue. In the present disclosure, 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. The exclusion of enzymes in the method of the 'present disclosure is to

" ensure recovery of stromal vascular fraction and the eventual adipose-derived stem cells that

are of clinical grade and has minimal contamination risks. As used herein, the term
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“digestion”, “digesting”, or any other grammatical permutations that can- be used

breaking down extracellular matrix that

binds cells together to form tissue. S | _
[0029] The method of the present disclosure -'éomprisés prov1d1ng 'anméch'ani'c,al' fbrce
capable of breaking the sample into a single cell suspension whilst maintaining intact stromal
vascular fraction célls cellular structures, wherein the mechanical force is mincing and/or
homogenization. Thus, in one example, the method provides for a mechanical force that is
not in combination with enzyme digestion. This reduces the need for repeated washing of
sample or isolated stromal vascular fraction and reduces contamination risks.

“Contamination”, as used herein, refers to the presence of unwanted material such as

‘exogenous enzymes, microorganism such as bacteria or fragment of the bacteria that may be

detrimental to the health of the isolated cells and/or the health of the subject receiving the
isolated cells or fraction. As known in the art, minimally; manipulated celluiar and tissue-
based products is preferable in the art, which is in contrast to methods which involves
enzyme digestions, which is known to be highlighted by the US Food and Drug
Administration to be conéidered more than-minimally manipulated and may pose public
safety concerns. The mechanical forces of the present disclosure are provided at sufficient
mechanical or shear force that is capable of causing the dissociation of cell-to-cell confact,

thus leading to the desired single cell suspension, whilst maintaining intact stromal vascular

fraction cells cellular structures. Thus, whilst the mechanical force provided in the present

invention may disrupt fat cells, the mechanical force would not cause cells of stromal
vascular fraction to burst or be destroyed. The mechanical force provided in the present
invention would not cause cells of stromal vascular fraction to become unhealthy, thus
enabling them to prolifefate upon culturing in suitable conditions known in the art. In
contrast, methods known in the art, in particular those that utilize enzyme digestions, are

known to alter cellular behavior and gene expression of stromal vascular fractions cells.

" Accordingly, in one example, the mechanical forces excludes excessive forces that may cause

cellular damage or cell rupture, for example, standard homogenizers and/or high power

homogenization. As used herein, the phrase “single cell suspension”, or equivalent

expressions, refers to a mixture of a fluid and a cell, or more typically a plurality of cells, that

- “are substantially or conipletely separated from each other (i.e. not aggregated or form

clumps), which in the preéent disclosure may be prepared by any available mechanical,

biological or chemical means.
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[0030]  As such, the method of the present disclosure does not comprise an internal

mec_hanicél force capable of breéking‘ the sample into a single cell suspension. As used

h‘erevin, the term “internal” refers to inside or within the Sample and directly cdnnected or in

 contact with the sample. An example of internal mechanical .for_ces. may include beads to be

provided within or mixed with the sample. As illustrated in Table 3, the use of glass beads in

~ combination with the method of the present disclosure resulted in a yield of less than 60%

adipose-derived stem cells at 7 days of growth in culture as compared to a known enzymatic
method of recovering strdmal vascular fraction. Another example of internal mechanical
force may include probe sonicator wherein the probe is in direct (fluid) contact with the -
sample. As illustrated in Table 1, the use bf probe sonicator in the ‘meth}od‘of the present
disclosure negatively affected cellular heaith and growth, and resulted in a yield of less than
40% adipose-derived stem cells at 7 days of growth in culturé ‘as compared to a known
enzymatic method of recovering stromal vascular fraction. Accordingly, in one example, the
method of the present disclosure may not be performed with a probe sonicator. |

[0031] Without wishing to be bound by theory, it is believed that the method of the f)reSent |
disblosure may be used for recovering stromal vascular fraction from a sample that is known
to have adipose-derived stem cells, sﬁch as, but is not limited to, adipose tissue. As used
herein, the phrase "adipose tissue," refers broadly to any fat tissue. The adipose tissue may
comprise mature adipocytes and other heterogenous cell populations, which upon isolation
are termed stromal vascular fraction. In the present disclosure adipose tissue may be brown
adipose tissue, white adipose tissue, mesenchymal or stromal. As used herein, “brown
adipose tissue” and “white adipdse‘ tissue” refer to the types of adipose tissue that can be
found in a mammal. Brown adipose tissue would typically be found in abundance in
newborns or in hibernating mammals and contain more mitochondria than white adipose
tissue. In one example, the adipose tissue may be subcutaneous white adipose tissue. The
adipose tissue may be from any organism having fat tissue. In one example, the sample to be
used in the present disclosure may be obtainea from an animal, mammal, human, vincluding,
without limitation, animals such as cattle, pigs, horses, dogs, cats, rodents such as mice, rats,

rabbits or guinea pigs, sheep, goats, dolphins and the like. In one example, the sample may be

- obtained from a mammal, wherein the mammal may be a human. In one example, the sample

may be obtained in the form of lipoaspirate or resected fat that is derived from liposuction

surgery or other surgeries.



10

15

20 -

25

30

WO 2015/005871 PCT/SG2014/000327

[0032] To ensure maximal yield of stromal vascular fraction and cell viability, immediate

use of the method for récovering of stromal vascular fraction of the present disclosure on the

sample may be performed. However, if immediate recovery of stromal vascular fraction from

the sample may not be performed immediately, the method of the present disclosure may be
performed on the sample within about 1 hour to 72 hours. That is,v the method of the present
disclosure may be performed at about 1, 2, 3,4, 5, 6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20,21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,

44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61', 62, 63, 64, 65, 66, 67, 68,
69, 70, 71, or 72 hours of the sample being obtained from a subject..\Wh‘en the sample ié not
processed immediately, the sample may be stored at about 4°C to reduce endogenous enzyme
digestion or cell death.

[0033] As used herein, the term “endogenous enzymes” refers to enzymes that are
intrinsically present in the sample, which is in c':ontrast: to the term “exogenous enzymes”,
which as used hereih, refers to‘ énzymes that are added on to the sample by the person
performing a method of recovering stromal vascular fraction known in the art. Thus, in one
example, the method of recovering stromal vascﬁlar fraction of the present disclosure does
not comprise exogenous enzyme, i.e. added enzymes.

[0034] In one example, before the method of the present disclosure is performed on the-
sample, the sample may be stored in biologically acceptable liquid, such as but is not limited
to phosphate buffered saline, Hank’s balanced salt solution, nofmal saline, tumescent fluid
and the like.

[0035]  In one example, the method of the present disclosure may be performed at a range

of about 0°C to about 42°C. Thus, the method of the present disclosure may be performed at

about 0°C, 1°C, 2°C, 3°C, 4°C, 5°C, 6°C, 7°C, 8°C, 9°C, 10°C, 11°C, 12°C, 13‘5C, 14°C,
15°C, 16°C, 17°C, 18°C, 19°C, 20°C, 21°C, 22°C, 23°C, 24°C, 25°C, 26°C, 27°C, 28°C,
29°C, 30°C, 31°C, 32°C, 33°C, 34°C, 35°C, 36°C, 37°C, 38°C, 39°C, 40°C, 41°C or 42°C. In

. one example, the method of the present disclosure may be performed at about 25°C to about

42°C. In one example, to increase efficiency, the method of the present disclosure may be

performed at 37°C, which can loosen collagen structures and enhance lipolytic activities of

mature adipocytes. .

[0036]  To increase cell isolation efficiency, the method of the present disclosure may be
performed with agents capable of enhancing lipolysis of fat cells. In one example, the method

may further comprise a step of incubating the sample with agents capable of enhancing



10

15

20

25

30

WO 2015/005871 PCT/SG2014/000327

10

lipolysis of fat cells. In one example, the Step of incubating the sample may be performed at a

- temperature ranging from about 25°C to about 42°C. That is, the step of incubating the

sample may be performed at about 25°C, '26°C,'27°C, 28°C, 29°C, 30°C, 31°C, 32°C, 33°C,
34°C, 35°C, 36°}C,37°C, 38°C, 39°C, 40°C, 41°C or 42°C.' In one example, the step ,of."
incubating‘the sample with the agent rhay be performed‘for about 5, 6, 7,8, 9, 10, 11, 12, 13,
14, 15, 16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, -
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,‘ 56, 57, 58, 59 or 60 minutes.

In one example, the step of incubating the sample with the agent may be performed for about

5 minutes, 15 minutes, 30 minutes, 45 minutes, 1, 1.5, or 2 hours.

[0037]  These non-enzymatic agents capable of enhancing lipolysis of fat célls mziy
include, but are not limifed to, epinephrine, isobutylmethylxanthine, isoprenaline and the like.
In one example, these agents may be used in combinatidn with each other. Table 2 shows:
addition of these agents to the method of the present disclosure improves final field of

adipose-derived stem: cells. In one example, the epinephrine may be provided at a

. concentration of about 1 to 20 mg/L epinephrihe. That is, the epinephrine may be provided at

about1,2,3,4,5,6,7,8,9,10, 11, 12, 13,»14, 15,16, 17,718, 19, or 20 mg/L epinephrine. In
another example, the isobutylmethylxanthine (IBMX) may be provided at a concentration of
about 0.01 to 0.2 mM IBMX. That is, the IBMX may be provided at about 0.01, 0.02, 0.03,
0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.11, 0.12, 0.13,.0.14, 0.15, 0.16, 0.17, 0.18, 0.19, or
0.20 mM IBMX. In another example, the isoprenaliné may be prbvided ata concent‘r’at_ion of
about 0.01 to 0.20 mM isoprenaline. That is, the isoprenaline may be provided at about 0.01,
0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.11, 0.12, 0.13, 0.14, 0.15, 0.16, 0.17, 0.18,
0.19, or 0.20 mM isoprenaline. |

[0038]  In another example, the method of the present disclosure may also be performed in

a medium comprising phosphate buffered saline (PBS), Hank’s balanced salt solution

(HBSS) or erythrocyte lysis buffer.

[0039]  To obtain the stromal vascular fraction, the method of the present disclosure may
further comprise the step of isolating the stromal vascular fraction from the singlé cell
suspension. The step of isolating the stromal vascular fraction of the present disclosure may
be performed by density gradient, flow cytometry, membrane filtration, membrane
adsorption, or centrifugation. When centrifugation is used as the step of isolating the stromal
vascular fraction from the single cell suspensioh, it must be performed at optimail centrifugal

force as excessive centrifugation may also lead to cellular damage. In one example, the
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centrifugal force may be performed at about 100 g, about 150 vg, about 200 g, about 250 g,
about 300 g, about 350 g, about 400 g, about 450 g, about 500 g, about 550 g, about 600 g
about 650 g, about 700 g, about 750 g, about 800 g, 'abouf 850 g, about 900 g, about 950 g,
about 1000 g, about 1050 g, abbut 1100 g, about 1150 g, about 1200 g, about 1250 g, about
1300 g, about 1350 g, about 1400 g, about 1450 g or about 1500 g. The centrifugal force may
be performed at a range of about 100 g, about 150 g, about 200 g, about 250 g, about 300 g,
about 350 g, about 400 g, aBout 450 g, about 500 g, about 550 g, about 600 g, about 650 g,
about 700 g, about 750 g, about 800 g, about 850 g, about 900 g, about 950 g, about 1000 g,
about 1050 g, about 1100 g, about 1150 g, about 1200 g, about 1250 g, aboutb 1300 g, about
1350 g, about 1400 g, about 1450 g to 100 g, about 150 g, about 200 g, about 250 g, about
300 g, about 350 g, about 400 g, about 450 g, ébouf 500 g, about 550 g, about 600 g, about
650 g, about 700 g, about 750 g, about 800 g, about 850 g, about 900 g, about 950 g, about
1000 g, about 1050 g, about 1100 g, about 1150 g, about 1200 g, about 1250 g, about 1300 g,
about 1350 g, about 1400 g, about 1450 g or about 1500 g, or any integers there betweén.

[0040] Upon recovery of stromal vascular fraction from sample, the method of the present
disclosure may further comprise the step of isolating adipose-derived stém cells from the

stromal vascular fraction. As used herein, the term "adipose-derived stem cell (ADSC or

" ASC)," refers to stromal or mesenchymal stem cells that from parts of the vascular elements

found in adipose tissue (i.e. stromal vascular fraction). In one example, the adipose-derived

stem cells may constitute about 0.5% to about 25% of the recovered or isolated stromal

- vascular fraction. Thus, in one example, the adipose-derived stem cells may constitute about

0.5%, about 1%, about 1.5%, about 2%, about 2.5%, about 3%, about 3.5%, about 4%, about
4.5%, about 5%, about 5.5%, about 6%, about 7%, about 7.5%, ébout 8%, about 8.5%, about
9%, about 9.5%, about 10%, aboﬁ-t 10.5%, abéut 11%, about 11.5%, about 12%, about
12.5%, about 13%, about 13.5%, about 14%, about 14.5%, about 15%, about 15.5%, about
16%, about 17%, about 17.5%, about 18%, about 18.5%, about 19%, about 19.5%, about
20%, about 20.5%, ébout 21%, aboutb 21.5%, ab(‘)ut\ 22%, about 22.5%, about 23%, about
23.5%, about 24%, about 24.5%, about 25%, or any amount there between of the recovered
or isolated stromal vascular fraction. In one example, the adipose-derived stem cell may be
differentiated into various cell types under conditions known in the art. For example, the
adipose-derived stem cell as obtained from the method of the present disclosure may be trans-
differentiated into non-mesodermal cell types, such as, but is not limited to, neuronal éells,

hepatocytes and endothelial cells; the adipdse-den'ved stem cell as obtained from the method
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of the present disclosure may be differentiated into mesodermal lineages cell types, such as,

but is not limited to adipocyte, _ﬁbrob_lasts, myocytes, cardiomyocytes, osteoblasts and

chondrocytes. It would be understood in the art that the process of differentiation of adipose-

.derived stem cells may be perfoﬁned under standard culturing procedures or other methods

known in the art. The adipose-derived stem cells may be isolated from the stromal vascular

fraction using techniques known in the art, for example, the cells can be isolated from a

‘mixture of cells using the cell surface markers known to be expressed by adipose-derived

stem cells In one example, the term “adipose-derived stem cell” 1ncludes cells which exhibit
charactensucs)such as plastic adherent in standard culture conditions, express CD105, CD73
and CD90, but negative for the surface expression of CD45, CD34, CD14, CD79 and HLA-
DR and able to differenfiate’info osteoblast, adipocytes and chondroblasts in vitro.

[0041]  As used herein, the term "about", in the context of percentage of cells with respect
with the total stromal vascular fraction recovered, may mean +/- 0.5% of the stated Value +/-
0.4% of the stated value, +/- 0.3% of the stated value, +/- 0.2% of the stated value, +/- 0.1%
of the stated value, or +/- 0.05% of the stated value.

[0042] In one example, the adipose-derived stem cells may be cultured before

administered to a subject in need thereof. In one example, the cells as isolated or recovered

from the method of the present disclosure may be cultured in tissue culture medium such as,
but is not limited to, minimum essential media (MEM), Dulbecco’s Modified Eagle Medium‘
(DMEM), Roswell Park Mémorial Institute (RPMI)-1640 and DMEM:F12. It is understood
that the selection of medium would advantageously lead to a differential expression of genes
in the cultured adipose-derived stem cells. |

[0043] In another example, stromal vascular fraction cells and/or adipose-derived stem
cells isolated from the s.trorn'al vascular fraction may be cultured in medium with human
serum; such as allogenic AB serum (serum obtained from AB blood type donors / serum that
does not contain anti-type A antibodies or anti-type B antibodies), thrombin-activated
platelet-rich plasma and human platelet lysate. In another examplé, the stromal vascular
fraction cells and/or adipose-derived stem cells may be cultured in serum-free medium.
Addition of serum into the tissue culture medium containing the cells as isolated by the
method of the present disclosure §vould advantageously lead to the improvement in total
cellular yield.

[0044] The term "isolated" or "recovered" as used herein with respect to adipose-derived

- stem cells or stromal vascular fraction, refers to cells separated from constituents in which the
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cells are norm,ally associated in nature. Thus, in one example, the pre’seht disclosure also
provides isolated adipose-derived stem cells and/qr isolated stromal vascular fraction. |

[0045] In view of the uscfulness of the ‘adipose-derived stem cells, the adipose-derived
stem cells may be used in a variety of methods of treating a subjéct in needioyf cell ther'apy.' '
Accordingly, in another aspect, there is provided a method of treating a subject in need of cell |

therapy, wherein the method comprises administering the cells of the stromal fraction

~ obtained from the method of the present disclosure to the subject in need thereof. In one

example, the subject or patient, which term may be used intérchangeably, may be an animal,
mammal, human, including, without limitation, animals such as cattle, pigs, horses, dbgs,
cats, rodents such as rabbits, mouse, rats, or guinea pigs, dolphins, sheep, goats, and the like.
In one example, the batient may be a human. In one example, there is provided the use of the
cells of the stro_mal fracﬁon_ obtained from the method of the present disclosure in the
manufacture of a medicament for treatihg a sub'j ect in need of cell therapy.

[0046] In another aspect, there is provided a method of treating a subject in need of cell
therapy, wherein the method cbmprises the adipose-derived stem cells obtained from the
method of the present disclosure to the subject in need of cell therapy. In one example, the

subject or patient, which term may be used interchangeably, may be an animal, mammal,

‘human, including, without limitation, animals such as cattle, pigs, horses, dogs, cats, rodents

such as rabbits, mouse, rats, or guinea pigs, dolphins, sheep, goats, and the like. In one

example, the patient may be a human. In one example, there is provided the use of the

~adipose-derived stem cells obtained from the method of the present disclosure in the

manufacture of a medicament for treatirig a subject in need of cell therapy.

[0047] In one example, the cell therapy may be used in subjects for numerous clinical

.applications as described in Lim, M.H., et al. 2014, the content of which is incorporated

herewith by reference. For example, the cell therapy using the cells of stromal vascular
fraction obtained from the method of the present disclosure and /or the adipose-derived stem

cells may be used for subjects who may require any one of the following: tissue grafts, bone

~ and cartilage repair, repair from ischemic diseases, repair from peripheral vascular diseases,

soft tissue augmentation and reconstructive surgery, wound healing, repair from or treatment
of immune diseases, repair from or treatment of diabetes mellitus and the like. For example,
hematopoietic stem or progenitor cells may be useful for freating blood diseases, and
endothelial cells may be useful for vascularization and formation of functional tissues in

tissue grafting. As used herein, the term “graft” refers to a cell, tissue or organ that is
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implantéd into an individual, typically to replace, correct or otherwise overcome a defect. A
graft may further comprise a scaffold. The tissoe or organ may consist of cells that originate

from the same individual; this graft is referred to herein by tho following interchangeable

"non

‘terms: "autograft”, "autologous transplant”, "autologous implant" and "autologous graﬂ".' A

graft comprising cells from a genetically different individual of the same species is referred to
herein by the- followiﬁg interchangeable terms: "allograft", "allogeneic transplant”,
"allogeneic‘ implant" and "’allogeneic graft". “Allogenic” refers broadly to any material
derived frorﬁ a different mammal of the same specios, for example another human who is not

'tho recipient of the graft. A graft from an individual to his identical twin is referred to herein

- as an "isograft”, a "syngeneic transplant”, a "syngeneic implant” or a "syngeneic graft". A-

"xenograft", "xenogeneic transplant" or "xenogeneic implant" refers to a graft from one

individual to another of a different species.

[0048] In another aspect, there is provided a method of recovering stromal vascular

fraction from a sample bcomprising subjecting the sample to mincing. As used herein, the term

“mincing”, “cutting” or any other synonyms referring to the same act, refers to the act of

~cutting up the sample into very small pieces. The process “mincing” or “cutting” may be

- performed manuélly by the technician performing the method or operated by a device or

apparatus for mincing and/or cutting. In one example, the mincing or cutting process may be

applied for about 10 seconds to 20 minuteo. That is, the mincing process may be applied for

about 10 seconds, 15 seconds, 20 seconds, 25 secohds, 30 seconds, 35 seconds, 40 seconds,
45 seconds, 50 seconds, 55 seconds, 1 minutes, 2 minutes, 3 minutes, 4 minutes, 5 minutes, 6
minutes, 7 minutes, 8 minutes, 9 minuteé, 10 minutes, 11 minuteé, 12 minutes, 13 minutes, 14
minutes, 15 minutes, 16 minutes, 17 minutes, 18 minutos, 19 minutes, 20 minutes, or any
integers there between. _
[0049] In another aspect, there is provided a method of recovering stromal vascular
fraction from a sample comprising subjecting the sample to homogenization. In one example,
the homogenizef may be a loW-powerod homogenizer such as Labquip (IKA T18 Basic
Ultra-Turrax) and‘ the like. In one example, the’homogenizer may provide circumferential
speeds of about 41,000 to about 10,000 Ipm. Thus, in one exampl‘e, the homogenizer may be
carried out at about 1000 rpm, about 1050 rpm, about 2000 rpm, about 2500 rpm, about 3000
rpm, about 3500 rpm, about 4000 rpm, about 4500 rpm, about 5000 rpm, about 5500 rpm,
about 6000 rpm, about 6500 rpm, about 7000 -rpm, about 7500 rpm, about 8000 rpm, about

- 8500 rpm, about 9000 rpm, aboﬁt 9500 rpm, about 10,000 rpm or any integers there between.
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" In one example, the homogenization process or residence times in the homogenization vessel

may be in the range of about 5 séconds to 20 minutes. That is, the homogenization process
may be applied for about 5 seconds, 10 seconds, 15 seconds, 20 seconds, 25 seconds, 30
seconds, 35 seconds, 40 seconds, 45 secdnds, 50 seconds, 55 seconds, 1 minutes, 2 minutes, 3
minu_tes, 4 minutes, 5 minutes, 6 minutes, 7 minutes, 8 minutes, 9 minutes, 10 minutes, 11
minutes, 12 minutes, 13 miﬂutes, 14 minutes, 15 minutes, 16 minutes, 17 minutes, 18

minutes, 19 minutes, 20 minutes, or any integers there between. In one example, the method

- for recovering stromal vascular fraction of the present aspect may furthe_r comprise the step of

is‘olatihg the stromal vascular fraction that may be performed by density gradient, flow

‘cytometry, membrane filtration / adsorption or centrifugation. In another example, the method

of the present aspect may further comprise resuspendirig the stromal vascular fraction in
suitable media or buffer as described herein.

In one example, the method of the presént aspéct may further comprise a step of mincing"the
sample prior to subjecting the sample to homogenization. In one -exa'mple, the mincing or
cutting process may be performed for about 1 minute, 2 minutes, 3 minutes, 4 minutes, 5
minutes, 6 ininutes,'7 minutes, 8 minutes, 9 minutes, 10 minutes, 11 minutes, 12 minutes, 13
minutes, 14 _minutes, 15 minutes, 16 minutes, 17 minutes, 18 miﬁutes, 19 minutes, 20 minutes
or any integers there between.

[0050] In another aspect, there is provided a method of cryopreserving stromal vascular
fraction and/or adipose-derived stem cells. The method may comprise recovering stromal
vascular fraction and/or adipose-derived stem cells from a sample, washing the isolated cells

of stromal vascular fraction and/or adipose-derived stem cells with buffer and/or media, -

freezing the isolated cells of stromal vascular fraction and/or adipose-derived stem cells in

suitable media. In one example, suitable media for cryopfeserving stromal vascular fraction
and/or adipose-derived stem .ce.lls may include growth media containing 10% serum (such as
fetal bovine serum or human AB serum) and 10 % DMSO (dimethyl sulfoxide).

[0051] The invention illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed

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
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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.

(0052]  The invention has been described broadly and generically herein. Each of the
narrow‘er‘ species and subgeneric groupings falling within the generic disclosure also form

part of the invention. This includes the generic description of the invention with a proviso or

" negative limitation removing any subjeét matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

' [0053]  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 subgroup of members of the Markush group.
EXPERIMENTAL SECTION
EXAMPLE 1 - PREPARATION OF SAMPLE AFTER HARVEST

[0054] Method

[0055] Fat tissue (adipose tissue) obtained as lipoaspirate or resected via surgeries are to

be obtained prior conducting any of the methods as described herein. To ensure optimum cell

viability, immediate isolation of stromal vascular fraction on the day the sample is obtained is
recommended. However, the methods as described herein may be performed optimally within
24 hours of sample being obtained. If the methods of the present disclosure cannot be
performed immediately upon harvest of sample or within 72 houfs ‘of the sample being
obtained, the sample was stored at 4°C. In case of enzymatic digestion, the sampie kis brought
to room temperature before proceeding to the isolation procedure. | ‘

[0056] Upon obtaining the sainple as lipoaspirate, to remove debris, the fat tissue was
washed with edual amount‘ of buffer (such as phosphate buffered saline (PBS) or Hank’s
balanced salt solution (HBSS)). For example, for 50 cc or 50 gram volume of 1ipoz;spirate, 50

ml of buffer was used. Washed sample was allowed to settle for a couple of minutes and fluid

- from the bottom was aspirated to leave fat layer in the top. Washing steps were repeated two

times. Collected fat layer was divided into the different methods as described below.
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[0057] Materials _
[0058] | To increase efﬁciencyv of cell isolation, é.ny of the methods as described herein -
were combined with other yariables, such as altered ope_rétion temperature ranging from
room temperature (25°C) to 42°C, addition of chemicals to enhance lipolysis of mature fat
eells- (eg Stng/L epinephrine, 0.05 mM Isobutylmethylxanthine (IBMX), or 0.05mM
isoprenaline) and use of different buffers during mechanical treatment (e.g. erythrocyte lysis
buffer instead of HBSS) “

EXAMPLE 2 - TRADITIONAL ENZYMATIC METHOD
[0059] © Known enzymatic method for recovering stromal vascular fraction has been
described previously (WO2011/032025, Sugii. et al., 2010, and Sugii et al., 2011). Briefly,
the known/traditional enzymatic method comprises the following steps:
[0060] 1) Add an equal volume of eollagenase solution (ml per gram or cc of fat pads) into -
one sterile vial and warm to 37°C. Typically, collagenase solution is composed of 2.5 pg/ml
collagenase htype I, 1% (wt/vol) Bovine Serum Albumin (BSA), 50 pg/ml D-glucose and 200', .
nM adenosine in lguffer; ' |
[0061]  ii) Place Washed fat tissue into collagenase solution;
[0062] iii) Finely mince the tissue with a sterilized scissor;
[0063] iv) Shake vials (4100 rpm) in a 37°C water‘bath shaker for 30 — 60 min. Check :
digeéts every 10 min and stop the reaction when it is complete; |
[0064]  v) Transfer and filter the digested solution through a 250 um nylon filter. Then
filter through a 100 um cell strainer and transfer the filtrate into 15 and 50 ml centrifuge
tubes, depending on the volume. Centrifuge at 400g for 5 min at room temperature;
[0065]  vi) Carefully Vasp'irate the floating layer containing l_nature adipocytee and aqueous
supernatant, leaving the pellet. This pellet is the stromal vascular fraction;
[0066]  vii) Re-suspend the pellet with 10 ml buffer for washing. Centrifuge again at 400g
for 5 min;
[0067] viii) Repeat step vii) three times;
[0068] ix) If the pellet appears red, rupture the red blood cells by adding 10 ml erythrocyte
lysis buffer (154 mM NH,Cl and 20 mM Tris, pH7.4). Pipette up and down to resuspend the

pellet. The solution should become red. Leave for 5 min at room temperature and centrifuge

at >400g for 5 min. Aspirate the supernatant;



10

15

20

25

30

WO 2015/005871 PCT/SG2014/000327
_ . e 18

x) For culturing, re-suspend the pellet in 10 ml culture medium (e.g. Dulbecco’s Modified
Eagle Medium (DMEM; Lifetechnology, USA), 15% heat inactivated fetal bovine serum
(FBS; Lifetechnology, USA), 1x GlutaMAX™ (Lifetechnology, USA),. 1x non-essential
amino acids (NEAA Lifetechnology, USA), 5 ng/ml basic fibroblast growth factor (FGF;
Lifetechnology, USA), penicillin/streptomycin [100 U/ml/ 100 pg/mi; Llfetechnology, USA]
or commercial serum- free, xeno-free media). -

[0069] xi) Plate into appropriate dlshes and incubate culture plates in 37°C, 5% CO,
incubator. Wash three times with buffer the next day, and change with fresh media. Observe

under rhicroscopc to check growth and morphology (typical microscopic photo—Figufes 2 and
3 _ .

'[0070]_ xii) For immediate storage, count the cell number with hemocytometer or

automated cell counter. Resuspend the pellet in freezing media (DMEM with 15% FBS and
10% dimethyl sulfoxide (DMSO), or commercial serum-free, xeno- free storage solution) at 1

x 10° viable cells per ml. Store 1 x 10 cells per vial.

EXAMPLE 3 - SONICATION METHOD (WATER BATH SONICATORS)
[0071] - A detailed example of the steps of the method of the present disclosure, when
using the sonication method, in particular water bath sonicators, are as follows:

[0072] i) Place washed fat tissue into appropriate sized tubes;

[0073] i) Fill cooled water to the indicated level to avoid overheating of the water bath
sonicator; _ '

[0074] iii) Sonicate fat tissue samples at the lowest level setting (for example, 40 kHz
using Branson’s 3510 model) for 5 - 10 min. As would be apparent to the skilled addressee,
different sonicators would give very different results. Hence, optimization of sonication time
and intensity would need to be conducted B

[0075]  iv) Centrifuge samples at 400g for 5 min to pellet dissociated stromal vascular
fracﬁon cells. Transfer supernatant to fresh tubes, and use this for the step vi) below if
necessary;

[0076] ) Re-sﬁspcnd pellet in buffer (PBS or HBSS; 1 ml pef 100‘ cc original tissue).
Count cell number with hemocytometer or automated cell counter; |

[0077]  vi) If cell number is far less than 1 x 10° cells per 100 cc criginal tissue, repcat the

steps iii) to v). If still low cell number recovery, increase the strength to the next level if
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available or repeat the steps iii) to v); With this method, up to 30% of cell yield as compared

_to enzyme-based method in Example 1 was achieved,

[0078]  vii) For culturing, add 10 ml culture medium (e.g. DMEM, 15% heat-inactivated
FBS, 1x GlutaMAX™, 1x NEAA, 5 ng/ml basic FGF, vpenicillin/streptomycin (100 U/ml /
100 pg/ml] or commercial serurh—free, xeno-free media) to the cells;

[0079]  viii) Plate into appropriate dishes and incubate culture plates in 37°C, 5% CO,
incubator. Wash three times with -buffer the next day, and change’With fresh media. Obsefve
under microscéope to check growth;' | \

[0080] ix) For immediate etorage resuspend the pellet in freezing media (DMEM with
15% FBS and 10% DMSO, or commercial serum-free, xeno- free storage solut1on) at 1x10°

v1ab1e cells per ml Store 1 x 10° cells per vial.

' EXAMPLE 4 - SONICATION METHOD (PROBE SONICATORS)
[0081] A detailed example of the steps of the method of the present disclosure, when
using the sonication method, in particular probe sonicafors, are es follows:
[0082] i) Place washed fat tissue into appropriate sized tubes;
[0083] i) Stenhze the probe of the sonicator or homo gemzer
[0084] iii) For the initial experiment, sonicate fat tissue samples for 0.5- second stroke
followed by 0.5-second interval at the lowest level setting for 1 min. Combinations of various
parameters should be tested; energy range from 1.5 to 3 MHz, from 5 to 30 strokes with from
0.5 to 1.5 second pulses. As would be apparent to the skilled addressee, different sonicators
would give very different re.sults. Hence, optimization of sonication time and intensity would
need to be conducted,
[0085]  iv) Centrifuge samples at 400g for 5 min to pellet dissociated stromal vascular
fraction cells. Transfer supernatant to fresh -tubes_, and use this for the step vi) below if

necessary.

| [0086] V) Re-suspend pellet in buffer (PBS or HBSS; 1 ml per 100 cc original tissue).

Count cell number with hemocytometer or automated cell counter;

[0087] - vi) If cell number is less than 1 x 10° célls per 100 cc original tiésue, repeat steps
iii) to v). If cell recovered is still low, adjust the level and length as described in the step iii).
With this method, up to 40% of cell yield compared to enzyme-based method in Example 1

was achieved;
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[0088]  vii) For culturing, add 10 ml culture medium (e.'g. DMEM, 15% FBS, 1x .
GlutaMAX™, 1x NEvAA, 5 ng/ml basic FGF, peniéillin/streptomycin [100 U/ml/ 100 pg/mi] '
or commercial serum-free; xeno-free media) to the cells;

[0089]  wviii) Plate into appropriate dishes and incubate culture plates in 37°C 5% COy

incubator. Wash three times with buffer the next day, and change with fresh media. Observe

' ~under microscope to check growth;

[0090] ix) For immediate storage, resuspend the pellet in freezing média (DMEM with
15% FBS and 10% DMSO, or commercial serum-free, xeno-free storage solution) at 1 x 10°

viable cells per ml. Store 1 x 10° cells pér vial.

EXAMPLE 5 - OTHER MECHANICAL METHODS »
[0091] A detailed example of the steps of the method of the present disclosure, when

<using other mechanical methods, such as scissors and homogenizers are as follows:
- [0092] 1) Place washed fat tissue into appropriate tubes. Add equal volume of HBSS
15

solution. Usually 10 ml of fat is used for each Vanable for rephcate treatment/platmg
Resected fat is favorable for consistency of cell yleld,, but manually harvested lipoaspirates
are acceptable.though addit_ional optimization work described belo§v is recommended;

[0093]  ii) Sterilize the mechanical component (e.g. scissors, homogenizer probes);

[0094] i) Mount a pair of sterilized homogenizers or scissors onto the containers holding
fat tissue. Carefully place each 50 ml tube of fat into the holder 6n the platform and adjust the
height of the tube so that the homogenizers or scissors nearly touch the bottom of the tube.
Switch on and adjust speed of rotation and start timer to start homogenization or cutting;
[0095]  iv) Mince the tissue until fine; typically 5-12 minutes for tréatrneflt, depending on
softness of harvested fat tissue. When homogenizer is to be used, mildly homogenize fat
tissue samples at the lowest level setting for >1 min. As would be apparent to the skilled
person in the art, different homogenizers would give v“ery different results. Many standard
homogenizers in market utilize power levels that are too strong énd often not suitable for the
present method. Optimization for different type of fat tissues must be conducted to obtain
optimized parameters and lengths of homogenizing time; ‘

[0096] v) When homogenization or mincing is done, switch off rotation motor and

carefully remove centrifuge tube;
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[0097]  vi) Centrifuge samples at 450g (about 1800 RPM) for. 5 min to pellet dissociafed
stromal vascular fraction cells. If large chunks of fat _z:ire present, increase centrifugation to
1200g (about 2950 RPM). Discard the top layer of floating mature adipocytes;

[0098]  vii) Transfer remaining solution through a 100 um cell strainer.. Re-suspend the red
pellet with 4 fnl of HBSS and pour it through the strainer. Flush the cell strainer with HBSS;
[0099] 'Viii) Centrifuge at 400g for 5 minutes at room temperature; '

[00100] ix) Aspirate the floating layer containing mature adipocytes and aqueous
supernatants, leaving pellet. This pellet is the stromal vascular fraction; .
[00101] x) Re-suspend pellet in 2 ml of ACK Lysis Buffer. Incubate for 5 minutes at room
temperature, ‘ |
[00102] xi) Centrifuge at 450g for 5 minutes at room temi)erature;‘

[00103] xii) Re-suspend pellet.in buffer (PBS or HBSS; 1 ml per 100 cc original‘ tissue). |
Sample out 10 pl and count cell number in 1:1 mixture of trypan blue by hemocytometer or
automated cell counter. With -these methéds, we have achieved more than 70% of “cell

recovery comparéd to the enzyme-based method in A).

| [00104] xiii) If cell number is less than 1 x 107 cells per 100 cc original tissue, repeat the

Step iv) to xii). If cell number recovered is still low, adjust the level and length as described
in the step iv); | _ | |

[00105] | xiv) For culturing, add 10 ml culture medium per 1 x 10° cells (e.g. DMEM, 15%
heat-inacfivated FBS, 1x GlutaMAX™, Ix NEAA, 5 ng/ml basic FGF,

penicillin/streptomycin [100 U/ml / 100 pg/ml] or commercial serum-free, xeno-free media)

to the cells;

[00106] xv) Plate into appropriate dishes and incubate culture plates in 37°C,‘ 5% C02
incubator, Wash three times with buffer the next day, and changev with fresh médi_al‘. Observe
under microscope to check growth;

{00107} Xvi) For immediate storage, re-suspend the pellet in freezing media (DMEM with
15% FBS and 10% DMSO, or commercial serum-free, xeno-free storage soluﬁon) at1x10%

viable cells per ml. Store 1 x 10° cells per vial.
EXAMPLE 6 - ANALYSIS OF ISOLATED CELLS

[00108] The isolated stromal vascular fraction cells in the methods descﬁbed above were

analyzed for their qualities and yield of adipose-derived stem cells. The analyses include cell
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coimﬁng and viability with a hemocytometer, culturing to enrich adipose-derived stem cells,

limiting dilution and colony formation assay, cell surface markers, and multipotent

- differentiation assays. These procedures were performed according to the published protocols

(Sugii, S., et al. 2011; Katz, A.J., et al. 2005; Ong, W.K., et al., 2014; Yang, Z et al., 2011;
and Zuk, P.A., et al.; 2001). Freshly isolated stromal vascular fraction cells are cultured in the

- growth medium in the media described above. Differentiation assays include adipogenesis,

- chondrogenesis and osteogenesis. For example, cells are induced by culturing in adipogenic

induction medium (growth medium + 1.5 pg/ml insulin + 1.0 uM dexamethasone + 0.5 mM
isobutylmethylxantine + 0.2 mM indomethacin) followed by adipogenic mainténance
medinm- (growth medium + 1.5 pg/ml insulin). Osteogienesis and chondrogenesis were
performed \Xfith StemPro kits available from GIBCO / LifeTech. Degrees of adipogenesis
were assessed by staining with Oil Red O. Successful stromal vascular fraction isolation

would generate at least 1 x 10° healthy adipose-derived stem cell population per 1 cc or gram

" tissue, which possess colony formation capacity, >95% express cell surface markers, CD73,

CD90 and CD105 and are capable of differentiating into adipocytes, chondrocytes and

osteoblasts.

—

EXAMPLE 7 - RESULTS OF ISOLATION ACCORDING TO THE METHODS OF
- THE PRESENT DISCLOSURE

[00109] Table 1 shows the percentage yield of adipose-derived stem cells recovered using

~ the methods of the present disclosure.

Treatment N Protocol - | Yield*
Minlcing Mince with scissors for 5-10 mins =70
Minzc ing Rotating cutting blades for 2-5 mins | | >60

Heat + Mincing | Mince 2.5 miﬁs and incubate at 40°C for 1.5 hours -' >75
Homoigenizer Large tissue homogenizef at (lowest setting) for 1-2 mins >70
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Homogemzer Small tissue homogenizer (lowest setting) for 5-25 mins <30
Vortexing Vortex for 0.5-1.5 mins >60

Probe Sonicator Mince ?_..5 mins and sonicate (lowest setting) with hand <40

o held unit for 5-25 mins
Water Bath Mince 2.5 mins and sonicate in water bath unit at 37-40°C <30
~ Sonicator for 1-30 mins :

*The yield shown is the percentage of ASCs observed after seven days of growth, compared

100% yield.

to the collagenase-based method. Collagenasé treated fat would normally show a nearly

[00110] Table 2 shows the percentage yield of adipose-derived stem cells recovered using

the methods of the present disclosure, wherein the method further comprises the use of non-

enzymatic agents of as described herein.

at 37°C for 1 hour.

Treatment Protocol Yield

i . Mince 2.5 mins and incubate in Smg/L epinephrine at
Epinephrine 37°C for 1 hour. . ~85
Isobutylmethylxanthine Mince 2.5 mins and incubate in 0.05mM IBMX at ~>8 0
(IBMX) - { 37°C for 1 hour. _

| Isovrenaline Mince 2.5 mins and incubate in 0.05mM isoprenaline ~70
soprenaine _ at 37°C for 1 hour.
Sodium deoxycholate | Mince 2.5 mins and inéubate in 0.1-5% SOC at 37°C 0
1 (SOC) for 1 hour. ‘

. Mince 2.5 mins and incubate in 0.005-10mM Triton-X

Triton-X 0

(00111] Table 3 shows the percentage yield of adipose-derived stem cells recovered using

the methods of the present disclosure, wherein the method further comprises a combination of

other methods of isolation.

Treatment

Protocol

Yield




10

WO 2015/005871 PCT/SG2014/000327
24 :

Mincing + erythrocyte | Mince >5+ mins in eLB and incubate at 37°C for 15 S 65
lysis buffer (eLB) mins. Centrifuge at 900xg for 15 mins o
Heat + Glass Beads Mlonce 5+ mins and vortex/hand shake; incubate at 40- <60
_ | 42°C for 1 hour R
Heat + pH (adjust by o '
adding HCI or NaOH 11\4;n1<1:§ uSr: mins and incubate at pHA4-7.5 at 40-42°C for 30
- to HBSS buffer) _
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Claims

1. A method for recovering stromal vascular fraction from a sample, the method
comprising providing a mechanical force capable of breaking the sample into a single
cell suspension whilst maintaining intact stromal vascular fraction cells cellular
structures, wherein the mechanical force is mincing and/or homegenization, wherein the
method is a non-enzymatic digestion, wherein the homogenization is carried out at about
1000 rpm to about 10,000 rpm.

2. The method according to claim 1, wherein the sample is an adipose tissue.

3. The method according to claim 1, wherein the method further comprises the
step of isolating the stromal vascular fraction from the single cell suspension.

4. The method according to claim 3, wherein the step of isolating the ‘stromal
vascular fraction is performed by density gradient, flow cytometry, membrane filtration,
membrane adsorption or centrifugation.

5. The method according to claim 1, wherein the stromal vascular fraction
comprises any one of the following cells: adipose-derived stem cells, mesenchymal
cells, hematopoietic cells, hematopoietic stem / progenitor cells, chondrocytes,
osteoblasts, osteoclasts, endothelial precursor or progenitor cells, endothelial cells,
smooth muscle cells, pericytes, CD34+ ceils, CD29+ cells, CD166+ cells, Thy-1+ or
CD90+ stem cells, CD44+ cells and immune cells selected from the group consisting of
monocytes, leukocytes, lymphocytes, B and T cells, NK cells, macrophages, dendritic
cells, neutrophil leukocytes, neutrophils, eosinophils, basophils, granulocytes,
erythrocytes, megakaryocytes, platelets.

6. The method according to claim 1, wherein the sample is obtained from a

mammal.

7. The method according to ¢laim 6, wherein the mammal is a human.
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8. The method according to claim 1, wherein the method is performed within 72
hours of harvest of the sample.

9. The method according to claim 1, wherein the method is performed at about
0°C to about 42°C.

10. The method according to claim 1, wherein the method is performed with
agents capable of enhancing lipolysis of fat cells.

11. The method according to claim 10, wherein the agents capable of enhancing
lipolysis of fat cells is any one of the following agents: epinephrine,
isobutylmethylxanthine and isoprenaline.

12. The method according to any one of claims 1 to 11, wherein the mechanical
force is applied for-about 5 seconds to 20 minutes.

13. The method according to claim 1, further comprising a step of isolating
adipose-derived stem cells from the stromal vascular fraction obtained from the method
of claim 1.

14. The stromal vascular fraction obtained from the method of claim 1 or parts
thereof for use in treating a subject in need of cell therapy, wherein the stromal vascular
fraction or parts thereof comprises adipose-derived stem cells, wherein the adipose-
derived stem cells exhibit cell surface markers CD105, CD73 and CD90, are able to
differentiate into osteoblast, adipocytes and chondroblasts, and possess colony
formation capacity.

15. The stromal vascular fraction or parts thereof of claim 14, wherein the subject
requires any one of the following: tissue grafts, bone and cartilage repair, repair from
ischemic diseases, repair from peripheral vascular diseases, soft tissue augmentation
and reconstructive surgery, wound healing, repair from or treatment of immune and
inflammatory diseases, repair from or treatment of diabetes mellitus.
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16. The adipose-derived stem cells obtained from the method of claim 13 for use
in treating a subject in need of cell therapy, wherein the adipose-derived stem cells
exhibit cell surface markers CD105, CD73 and CD90, are ‘able to differentiate into
osteoblast, adipocytes and chondroblasts, and possess colony formation capacity.

17. The adipose-derived stem cells of claim 16, wherein the subject requires any
one of the following: tissue grafts, bone and cartilage repair, repair from ischemic
diseases, repair from peripheral vascular diseases, soft tissue augmentation and
reconstructive surgery, wound healing, repair from or treatment of immune and
inflammatory diseases, repair from or treatment of diabetes mellitus.

18. Use of the stromal vascular fraction obtained from the method of claim 1 or
parts thereof in the manufacture of a medicament for treating a subject in need of cell
therapy, wherein the stromal vascular fraction or parts thereof comprises adipose-
derived stem cells, wherein the adipose-derived stem cells exhibit cell surface markers
CD105, CD73 and CD90, are able to differentiate into osteoblast, adipocytes and
chondroblasts, and possess colony formation capacity, and wherein the subject in need
of cell therapy requires any one of the following: tissue grafts, bone and cartilage repair,
soft tissue augmentation and reconstructive surgery, and wound healing.

19. Use of the adipose-derived stem cells obtained from the method of claim 13
in the manufacture of a medicament for treating a subject in need of cell therapy,
wherein the adipose-derived stem cells exhibit cell surface markers CD105, CD73 and
CD20, are able to differentiate into osteoblast, adipocytes and chondroblasts, and
possess colony formation capacity, and wherein the subject in need of cell therapy
requires any one of the following: tissue grafts, bone and cartilage repair, soft tissue
augmentation and reconstructive surgery, and wound healing.



