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BONE MARROW ADIPOSE PORTION
ISOLATION DEVICE AND METHODS

RELATED APPLICATIONS

This application is a 35 U.S.C. § 371 national phase
application of PCT/US14/49992 (WO 2015/021189), filed
on Aug. 6, 2014, entitled “Bone Marrow Adipose Portion
Isolation Device and Methods”, which application claims
the benefit of U.S. Provisional Application Ser. No. 61/862,
837, filed Aug. 6, 2013, which is incorporated herein by
reference in its entirety.

BACKGROUND

Adult mesenchymal stem cells (MSCs) are capable of
robust tissue repair. MSCs can be isolated from many
autologous tissue sources with the two most common
sources being adipose tissue and bone marrow. Adipose stem
cell harvesting is performed through liposuction of subcu-
taneous fat tissue which is then usually processed with a
chemical digestion technique. Bone marrow aspirate is a red
liquid when first obtained from the patient through a trocar
inserted through the bony cortex. The aspirate fluid is then
typically processed with centrifugation to separate out vari-
ous marrow fractions (referred to herein as fractions or
layers). The buffy coat is a middle fraction of centrifuged
marrow, positioned below a serum component and above a
red blood cell component. The bufly coat is rich in nucleated
cells, progenitor cells, and stem cells.

Until recently, only the bufly coat of a fractionated bone
marrow aspirate was known to include useful quantities of
MSCs. Accordingly, typical bone marrow fractionation and
concentration systems designed to isolate a therapeutically
significant quantity of MSCs have focused on isolating and
processing the buffy coat through various means. Conven-
tional methods and devices do not provide for the isolation
or subsequent processing of other marrow fractions that are
now known to contain MSCs, in particular a marrow adipose
layer supernatant which is positioned above the serum layer
when bone marrow aspirate is fractionated. Therefore,
according to conventional techniques, the marrow adipose
supernatant layer is discarded as waste.

Although the adipose layer supernatant of fractionated
bone marrow aspirate is now known to include MSCs, no
techniques are known for efficiently collecting the adipose
layer supernatant and processing same to maximize a use-
able MSC yield.

The embodiments disclosed herein are directed toward
overcoming one or more of the problems discussed above.

SUMMARY OF THE EMBODIMENTS

The embodiments disclosed herein generally relate to
systems, devices and methods for the fractionation, isola-
tion, extraction and processing of the adipose supernatant
layer of a bone marrow aspirate. In particular, the various
embodiments relate to systems, devices and methods of
obtaining, utilizing and processing the adipose supernatant
layer of a bone marrow aspirate as a source of mesenchymal
stem cells.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing selected layers
present in fractionated bone marrow aspirate.
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FIG. 2 is a schematic diagram of one embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 3 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 4 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 5 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 6 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 7 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 8 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 9 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 10 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 11 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 12 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 13 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 14 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 15 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 16 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 17 is a schematic diagram of another embodiment of
device useful for the collection, isolation and/or processing
of the adipose supernatant layer of a bone marrow aspirate.

FIG. 18 is a graphic representation of data showing the
manual count of mononucleated cells per 10 cc of bone
marrow aspirate for all cells obtained from the buffy coat
and the adipose supernatant layer.

FIG. 19 is a graphic representation of flow cytometry data
showing the percentage of MSCs to total cell count for
MCSs obtained from the buffy coat and the adipose super-
natant layer.

FIG. 20 is a graphic representation of data showing the
gross quantity of MSCs per 10 cc of bone marrow aspirate
for MCSs obtained from the buffy coat and the adipose
supernatant layer.

FIG. 21 is a graphic representation of data showing the
number of MSCs initially obtained from 10 c.c. of bone
marrow from both the bufly coat and lipid layer fractions.

FIG. 22 is a graphic representation of data showing the
number of days in culture required to obtain the quantity of
adipose and buffy coat MSCs derived from 10 c.c. bone
marrow necessary to passage.
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FIG. 23 is a graphic representation of MSC population
doubling times for adipose and buffy coat MSCs derived
from 10 c.c. bone marrow.

FIG. 24 is a graphic representation of increased P,MSC
yield comparing emulsified and non-emulsified samples
obtained from the same patient.

FIG. 25 is a graphic representation of increased MSC
yield comparing emulsified and non-emulsified samples
obtained from the same patient.

DETAILED DESCRIPTION

Unless otherwise indicated, all numbers expressing quan-
tities of ingredients, dimensions reaction conditions and so
forth used in the specification and claims are to be under-
stood as being modified in all instances by the term “about”.

In this application and the claims, the use of the singular
includes the plural unless specifically stated otherwise. In
addition, use of “or” means “and/or” unless stated otherwise.
Moreover, the use of the term “including”, as well as other
forms, such as “includes” and “included”, is not limiting.
Also, terms such as “element” or “component” encompass
both elements and components comprising one unit and
elements and components that comprise more than one unit
unless specifically stated otherwise.

Mesenchymal stem cells (MSCs) can be obtained from
fractionated bone marrow aspirate. Bone marrow aspirate
may be fractionated using a centrifuge-based or similar
technique which separates the aspirated fluid into density
graded layers. As shown in FIG. 1, fractionated bone mar-
row aspirate 100 typically includes at least the following
layers, ordered from greater to lesser density, a red blood cell
(RBC) layer 102, a buffy coat layer 104, a serum layer 106
and an adipose supernatant layer 108. Conventional tech-
niques for the extraction of MSCs from bone marrow
aspirates typically feature the isolation and processing of the
buffy coat layer 104. Many different methods have been
used to isolate the buffy coat. Conventional bufty coat
isolation and processing methods discard the adipose layer
supernatant 108.

C. L. Insausti, M. B. Blanquer, L. M. Olmo, M. C.
Lopez-Martinez, X. F. Ruiz, F. J. Lozano, V. C. Perianes, C.
Funes, F. J. Nicolas, M. J. Majado, and J. M. Jimenez,
‘Isolation and Characterization of Mesenchymal Stem Cells
from the Fat Layer on the Density Gradient Separated Bone
Marrow’, Stem Cells Dev, 21 (2012), 260-72. (Insausti) first
disclosed in 2012 that the adipose layer of fractionated bone
marrow aspirate contains MSCs. It was estimated by Insau-
sti that processing the adipose layer along with the bufty coat
might increase stem cell yields from a bone marrow draw by
as much as approximately 50%. The methods and apparatus
disclosed herein may be used to isolate, collect and process
the adipose layer 108 of fractionated bone marrow aspirate,
with or without co-processing of the bufly coat. Alterna-
tively, the apparatus and methods disclosed herein may be
used to obtain MSCs from other non-marrow sources of
adipose tissue. Surprisingly and advantageously, applicants
have demonstrated MSC yields from the adipose layer of
bone marrow aspirate which are increased in an amount
significantly greater than 50% when compared to the MSC
yield obtained when processing the buffy coat alone.

As noted above, Insausti estimated that processing the
adipose layer along with the buffy coat might increase stem
cell yields from a bone marrow draw by as much as
approximately 50%. This relatively modest yield was in part
caused by difficulty encountered in extracting the MSCs
from the surrounding adipose tissue. In particular, applicants
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believe that the MSCs in the adipose layer supernatant 108
of fractionated marrow aspirate (or the MSC’s in other
adipose tissue) may be locked in a fine collagen matrix. For
example, abdominal subcutaneous fat has a strong collagen
matrix that must be disrupted with chemical digestion before
viable stem cells can be obtained. Applicants have deter-
mined that mechanical emulsification of the adipose fraction
of' bone marrow aspirate can greatly increase the MSC yield
to values significantly above the 50% increase estimated by
Insausti.

Specifically, as detailed below, the novel step of applying
mechanical emulsification to adipose layer supernatant
resulted in an increased MSC yield by approximately 700%.
Applicants believe that the increased MSC yield when
compared to Insausti et. al. is due to the mechanical disso-
ciation of stem cells from the finer collagen matrix of this
tissue.

Accordingly, the present disclosure provides device
embodiments, systems and methods for isolating the stem
cell rich adipose layer supernatant 108 (alternatively
referred to herein as the adipose LS 108) of whole bone
marrow aspirate. Embodiments may optionally include iso-
lating and co-processing the buffy coat layer 104. Embodies
may also be applied, in certain instances, to other sources of
adipose tissue.

One family of system embodiments feature a closed
system suitable for use in a physician’s office for the
withdrawal of marrow from a patient followed by the
substantially contemporaneous rapid isolation of the adipose
LS 108 and re-injection or surgical placement of adipose LS
108 or MSCs isolated therefrom into the patient to enhance
tissue repair. In another family of embodiments the system
may be open ended or partially open ended such that adipose
LS or MSCs isolated therefrom are expanded or otherwise
processed before reintroduced into the patient to achieve
therapeutic goals.

Device embodiments may be used to isolate adipose LS
108 alone or in combination with the buffy coat 104 of a
whole marrow aspirate. Device embodiments may also
combine the adipose LS 108 with one or more components
of the bone marrow aspirate such as the serum layer 106, an
isolated fraction of the serum layer and/or buffy coat 104
and/or RBC layer 102 such as platelets or white blood cells.

Method embodiments may be performed manually or
automatically or semi-automatically with appropriate
devices. Accordingly, certain automated devices incorporate
optical sensors or other detectors to identify the various
marrow fractions of interest such as the adipose LS 108,
serum 106, buffy coat 104, or RBC layer 102.

In one specific device embodiment, as shown in FIG. 2,
a centrifuge tube 110 fabricated to have multiple chambers
as described below is centrifuged at 100-500 g for 5-10
minutes. The centrifuge tube 110 is provided with a plurality
of chambers. The first chamber 112 performs as a typical
centrifuge chamber to produce the fractionated bone marrow
aspirate with the adipose LS on top 108, the serum layer 106
below the adipose LS, the bufty coat 104 below the serum
layer, and the RBC layer 102 below the bufty coat. The
centrifuge tube 110 also includes at least a secondary
chamber 114 and a tertiary chamber 116 which, for example,
provide for the serum layer 106 to be decanted into the
secondary chamber 114 and the adipose LS 108 to be
collected into the tertiary chamber 116.

In use, the centrifuge tube 110 is centrifuged as described
above to separate the bone marrow aspirate into layers, as
illustrated in FIG. 2A. A second centrifuge run is performed
to decant the serum layer 106 into the secondary chamber















