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ENHANCED ADIPOSE TISSUE

CONTINUING DATA

This application claims the benefit of U.S. Provisional Patent Application
Serial Number 60/590,526, entitled “Intradiscal Anti-Inflammatory Therapy
Involving Autologous Adiponectin”, filed July 23, 2004 (Attorney Docket:
DEP5352USASP), and U.S. Patent Application Serial Number 10/938,903, entitled
“Intradiscal Anti-Inflammatory Therapy Involving Autologous Adiponectin”, filed
September 10, 2004 (Attorney Docket: DEP5352USANP), the specifications of which

are incorporated by reference in their entireties.

BACKGROUND OF THE INVENTION

The natufal intervertebral disc contains a jelly-like nucleus pulposus
surrounded by a fibrous annulus fibrosus. Under an axial load, the nucleus pulposus
compresses and radially transfers that load to the annulus fibrosus. The laminated
nature of the annulus fibrosus provides it with a high tensile strength and so allows it

to expand radially in response to this transferred load.

In a healthy intervertebral disc, cells within the nucleus pulposus produce an
extracellular matrix (ECM) containing a high percentage of proteoglycahs. These
proteoglycans contain sulfated functional groups that retain water, thereby providing
the nucleus pulposus within its cushioning qualities. These nucleus pulposus cells
may also secrete small amounts of cytokines such as interleukin-1B and TNF-o as
well as matrix metalloproteinases (“MMPs”). These cytokines and MMPs help

regulate the metabolism of the nucleus pulposus cells.

In some instances of disc degeneration disease (DDD), gradual degeneration
of the intervetebral disc is caused by mechanical instabilities in other portions of the
spine. In these instances, increased loads and pressures on the nucleus pulposus cause
the cells within the disc (or invading macrophases) to emit larger than normal

amounts of the above-mentioned cytokines. In other instances of DDD, genetic
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factors or apoptosis can also cause the cells within the nucleus pulposus to emit toxic
amounts of these cytokines and MMPs. In some instances, the pumping action of the
disc may malfunction (due to, for example, a decrease in the proteoglycan
concentration within the nucleus pulposus), thereby retarding the flow of nutrients
into the disc as well as the flow of waste products out of the disc. This reduced
capacity to eliminate waste may result in the accumulation of high levels of toxins
that may cause nerve irritation and pain.
‘ !

As DDD progresses, toxic levels of the cytokines and MMPs present in the
nucleus pulposus begin to degrade the extracellular matrix, in particular, the MMIJS
(as mediated by the cytokines) begin cleaving the water-retaining portions of the
proteoglycans, thereby reducing its water-retaining capabilities. This degradation
Jeads to a less flexible nucleus pulposus, and so changes the loading pattern within the
disc, thereby possibly causing delamination of the annulus fibrosus. These changes
cause more mechanical instability, thereby causing the cells to emit even more:
cytokines, thereby upregulating MMPs. As this destructive cascade continues and
DDD further progresses, the disc begins to bulge (“a herniated disc”), and then
ultimately ruptures, causing the nucleus pulposus to contact the spinal cord and

produce pain.

US Published Patent Application No. 2005/0048644 (Hedrick) discloses methods of
treating patients including the processing of adipose tissue to deliver a concentrated amount
of regenerative cells (e.g., stem cells) obtained from the adipose tissue to the patient. Hedrick
teaches that the regenerative cells may be used to promote the production of proteoglycan
rich matrix in intervertebral disc repair, and so may be used to treat a degenerative disc
disease. Finally, Hedrick discloses that the regenerative cells may be used in their “native

form as present in or separated and concentrated from the tissue.
SUMMARY OF THE INVENTION

The present inventor has appreciated that adipose tissue not only has mechanical

qualities that are desirable for its use in treating DDD, but also contains active agents (such as
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adiponectiﬁ) that are desirable for treating DDD as well. The present inventor has further
recognized that these agents are amenable to concentration from their native levels in adipose
tissue to provide a heightened therapeutic effect in the disc.  Accordingly, the present
inventor has developed an enhanced adipose tissue whereby an active agent from a first
portion of adipose tissue is first concentrated (for example, by extraction) to a level above its
native level normally present in adipose tissue and then added to native adipose tissue, The
resulting product has mechanical properties substantially similar to native adipose tissue and
will contain an active adipose-derived agent present in a concentration greater than that

found in native adipose tissue.

Therefore, in accordance w1th the present invention, there is provided a graft derived

from adipose tissue compnslng a natlve level of an active agent, comprising:

a) native adipose tissue, and
b) an active agent derived from adipose tissue and present at a level greater than the

native level of the active agent in adipose tissue.

Also in accordance with the present invention, there is provided a method of making a

graft derived from adipose tissue, comprising:

a) obtaining native adipose tissue,

b) separating the adipose tissue into a first portion and a second portion,

c) concentrating an active agent from the first portion, and

d) combining the concentrated agent with the second portion to produce an enhanced
adipose tissue, and

e) introducing the enhanced adipose tissue into an intervertebral disc.

"DETAILED DESCRIPTION

In some embodiments, the active agent is a protein. In preferred embodiments, the

protein is selected from the group consisting of IRAP, IL-10 and adiponectin.

Adiponectin (“APN”) may be selected as the active agent for its anti-

inflammatory properties. The literature appears to recognize the anti-inflammatory
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nature of APN. Shimda reports that adiponectin has protective actions in the initiation
and progression of atherosclerosis through anti-inflammatory and anti-atherosclerotic

effects.” Shimada, Clin, Chim. Acta, 2004, Jun 344(1-2):1-12. Yokota indicates that

APN is involved in the termination of inflammatory responses, and suggests that APN
may have therapeutic applications in diseases caused by excessive inflammatory
responses.” Yokota, Blood, 1 Sept. 2000 96(5), 1723-1731. Diez concludes that the
ability of APN to increase insulin sensitivity in connection with its anti-inflammatory
and anti-atherogenic properties have made this novel adipocytokine a promising

therapeutic tool for the future”. Diez, Eur. J. Endocrinology (2003) 148, 293-300.

- APN antagonizes TNF-o..  Yokota, Blood, 2000, Sept. 1, 96(5), 1723-32
reports that about 10 ug APN/1 inhibits phagocytic activity and completely eliminatels

'TNF-o. production from LPS-induced phagocytes. In particular, Yokota reported that

LPS-induced production of TNF-o. in human macrophages dropped from over 800
pg/ml TNF-at to less than 20 pg/ml TNF-o. when only 10 ug/l APN was applied.
Yokota concluded that APN is an important negative regulator of immune systems,
may be a unique suppressor of inflammatory responsés because of its speciﬁc
inhibition of TNF-o transcription, may be involved in ending inflammatory

responses, and may have therapeutic applications in diseases casued by excessive

inflammation.

Waulster-Radcliffe, Biochem. Biophys. Res. Comm., 316(2004), pp. 924-929,

also reports that pretreatment of human macrophages with 10 ng/ml APN suppressed
TNF-0. production by about 50%, and hypothesized that some of the anti-
inflammatory actions thereof are mediated in part by APN suppression of NFxB
signaling and ERK1/2 activity.

Tf APN is selected then it may be concentrated separating adipose tissue into
first and second portions, removing liquid containing adiponectin from the first
portion, and then passing the liquid through an affinity column containing a
separation material for which APN has a high affinity. The APN is thus preferentially

adsorbed onto the separation material. Next, adsorbed APN is eluted from the

PCT/US2006/022844
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separation material using a suitable elution solution. The eluted APN is then

combined with the second portion of native adipose tissue.

In some embodiments, liquid from the first portion of adipose tissue can be
obtained by simply compressing the tissue, and collecting the liquiud that exudes

from the tissue during compression. !

In some embodiments, the separation material is a gelatin. Nakano, J.
Biochem (Tokyo), 1996 Oct. 120(4) 803-12, examined methods for isolating APN,
and found not only that APN binds specifically to gelatin, but also that it can be eluteLd

from the gelatin material by a 1M NaCl solution. Nakano further reported that
applying these methods to 500 ml of human plasma resulted in the isolation of about
50 ug of APN.

Since APN is typically present in native serum at a concentration of about 1.9-
17 pg/ml, it is desired that the final graft comprise an enhanced level of adiponectin of
at least 10 pg/ml, more preferably at least 15 pg/ml, more preferably at least 20
pg/ml |

IRAP may be selected as the active agent for its anti-inflammatory properties. The

literature appears to recognize the anti-inflammatory nature of IRAP.

Some investigators have proposed treating DDD by administering recombinant IRAP
in order to that specifically antagonize pro-inflammatory cytokine IL-1B. For example,
Maeda et al. Spine 25(2):166-169 (2000) reports on the in vitro response to recombinant
interleukin-1 receptor antagonist protein (IRAP) of rabbit annulus fibrosus exposed to IL-1.
Maeda suggests that IRAP administration to the disc could be useful in inhibiting the
degradation of the disc. Maeda reported that 100 ng rIRAP /ml appears to successfully
antagonize 1 ng IL-1B/ml.

In some embodiments, the active agent is cellular. In some embodiments, the cellular
agent is a regenerative cell, such as a stem cell or a chondroprogenitor cell. In some

embodiments, In some embodiments, the cellular agent is an adipose cell.
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Once the enhanced adipose tissue is produced, the treatment may comprise an
injection of the enhanced adipose tissue into the intervertebral disc. The enhanced adipose
tissue will act both as a bulking agent (due to the presence of substantial native adipose

tissue) and as a device for delivering the active agent that has been enhanced.

The adipose tissue may be obtained intra-operatively from any appropriate tissue
including the subcutaneous space. The adipose tissue may be harvested by a variety of
methods including the use of syringes, vacuum etc. The adipose tissue may be specifically

processed to increase its effectiveness for the purpose.

In some embodiments, the adipose tissue may be minced into fine particles to allow
ease of injection into the disc. Preferably, the mincing is achieved by mechanical means.
Preferably, the mincing produces particles of adipose tissue having an average size of

between about 0.1 mm and about 1 mm.

In another embodiment, the mincing is carried out on two separated adipose tissue
fraction and with different intensities to produce two specific size fractions of the adipose
tissue. The bimodal nature of this combined tissue may advantageously be used to impart
specific mechanical functions to the combined tissue. For example, in some embodiments,
the first portion is minced to a particle size of about 500 um and the second is minced to a
particle size of about 30 um. The bimodal nature of this combined tissue provides a higher

density upon packing.

In yet another embodiment, at least one portion of the adipose tissue may be activated
by a chemical or physical agent to enhance the production of the active agent. In some
embodiments, the activation enhances the production of an adipokine, such as adiponectin. In

some embodiments, a physical agent such as UV light is shined upon the adipose tissue.

In some embodiment, the activation is performed upon the unseparated native
adipose tissue. In some embodiments, the activation is performed upon a separated portion of
tissue so that the production of the active agent is enhanced in that portion, the active agent is
then concentrated from that separated portion, and then combined with native adipose tissue

to produce enhanced adipose tissue
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In some embodiments Wherein native adipose tissue is separated into first and second
portions, the volume of the first portion is greater than the volume of the second portion.
Accordingly, a relatively greater amount of the active agent can be extracted from the first
portion and then combined with the relatively smaller second portion, thereby increasing the
concentration effect in the enhanced adipose tissue. In preferred embodiments, the volume of
the first portion is 3 times greater than the volume of the second portion. In ipreferred
embodiments, the volume of the first portion is 10 times greater than the volume of the

second portion. |

When injecting volumes of enhanced adipose tissue into a nucleus pulp&sus, it is

desirable that the volume of the enhanced adipose tissue delivered be no more than 1 cc,

\

Tn certain cases, instead of using intra-operatively obtained adipose tissue, the

preferably no more than 0.5 cc, more preferably between 0.1 cc and 0.3 cc.

invention may rely on the use of other sources of adipose tissue. For instance, culture-
expanded adipose cells may be used in accordance with the present invention as a means of
obtaining adipose tissue. The source of these cells may be autologous, allogeneic or in

certain cases xenogeneic.

In certain cases, the enhanced adipose tissue may be injected along with other cell
types or scaffolds. Preferred scaffolds include hyaluronic acid, fibrin gel and small intestine

submucosa (SIS).

In some embodiments, growth factors may be added to the enhanced adipose. The
growth factors that may be used in accordance with the present invention include, but are not
limited to, members of the GDF, and preferably GDF-5 (more preferably rhGDEF-5),
fibroblast growth factor family, including acidic and basic fibroblast growth factor (FGF-1
and -2) and FGF-4, members of the platelet-derived growth factor (PDGF) family, including
PDGE-AB, PDGE-BB and PDGF-AA; EGFs, members of the insulin-like growth factor
(IGF) family, including IGF-I and -1I; the TGF-B superfamily, including TGF-$1, 2 and 3,
osteoid-inducing factor (OIF), angiogenin(s), endothelins, hepatocyte growth factor and
keratinocyte growth factor; members of the bone morphogenetic proteins (BMP's) BMP-1,
(BMP-3); BMP-2; OP-1; BMP-2A, -2B, and —7; HBGF-1 and -2; members of the hedgehog
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family of proteins, including indian, sonic and desert hedgehog; ADMP-1; members of the
interleukin (IL) family, including IL-1 thru —6; and members of the colony-stimulating factor
(CSF) family, including CSF-1, G-CSF, and GM-CSF; cartilage derived morphogenic
proteins, such as CDMP-1 and CDMP-2; and isoforms thereof.

Tn some embodiments, the growth factor is selected from the group consisting of
TGF-B, bFGF, and IGF-1. These growth factors are believed to promote regeneration of the
nucleus pulposus. Preferably, the growth factor is TGF-B. More preferably, TGF-B is
administered in an amount of between 10 ng/ml and 5000 ng/ml, more preferably between 50
ng/ml and 500 ng/ml, more preferably between 100 ng/ml and 300 ng/ml.

In some embodiments, platelet concentrate is provided as the second therapeutic
agent. Preferably, the growth factors released by the platelets are present in an amount at least
two-fold (more p"referably, four-fold) greater than the amount found in the blood from which
the platelets were taken. More preferably, the platelet concentrate is autologous. In some
embodiments, the platelet concentrate is platelet rich plasma (PRP). PRP is advantageous
because it contains growth factors that can restimulate the growth of the ECM, and because

its fibrin matrix provides a suitable scaffold for new tissue growth.

In some cases, repair of the annulus may be required prior to or subsequent to the

injection of the adipose tissue into the disc.

In some embodiments, the enhanced adipose tissue is liquefied prior to its insertion
into the intervertebral disc. The liquification of the adipose tissue will allow it to be injected
into the disc through a small bore needle, thereby reducing the level of insult to the annulus
fibrosus. However, the temperature of the graft should not be so high as to inactivate the

active agent(s).

Because adipose tissue contains more than a single active agent that is desirable, in
some embodiments, two active agents are concentrated from at least a first portion of the
adipose tissue and then recombined with a second portion of native adipose tissue to produce

the enhanced adipose tissue.
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Therefore, in accordance with the present invention, there is provided a graft derived

from adipose tissue comprising a native level of an active agent, comprising:

a) a first active agent derived from adipose tissue and present at a level greater than

the native level of the first active agent in adipose tissue,

b) a second active agent derived from adipose tissue and present at a level gréater than

the native level of the second active agent in adipose tissue, and

c)

(preferably), native adipose tissue. i

Also in accordance with the present invention, there is provided a method of Lnakjng a

graft derived from adipose tissue, comprising:

a) obtaining native adipose tissue,

b)
c)
o
e)

f)

separating the adipose tissue into a first portion and a second portion,
concentrating a first active agent from the first portion,

concentrating a second active agent from the first portion,

combining the concentrated agents with the second portion to produce an
enhanced adipose tissue, and

introducing the enhanced adipose tissue into an intervertebral disc.

Also in accordance with the present invention, there is provided a method of making a

graft derived from adipose tissue, comprising:

a)
b)

c)
d)

e)

obtaining native adipose tissue,

separating the adipose tissue into a first portion, a second portion, and a third
portion,

concentrating a first active agent from the first portion,

concentrating a second active agent from the second portion,

combining the concentrated agents with the third portion to produce an enhanced
adipose tissue, and

introducing the enhanced adipose tissue into an intervertebral disc.
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I claim:
1. A graft derived from adipose tissue comprising a native level of an active agent,
comprising:

a) native adipose tissue, and
b) a first active agent derived from adipose tissue and present at a level greater than
the native level of the active agent in adipose tissue.
2. The graft of claim 1 wherein the first active agent is a protein.

3. The graft of claim 1 wherein the first active agent is adiponectin.

4. The graft of claim 1 wherein the first active agent is present in the graft at a level greater
than 10 pg/ml.

5. The graft of claim 1 wherein the first active agent is IRAP.

6. The graft of claim 1 wherein the first active agent is cellular.

7. The graft of claim 6 wherein the celtular agent is a regenerative cell.

8. The graft of claim 7 wherein the regenerative cell is a stem cell.

9. The graft of claim 7 wherein the regenerative cell is a chondroprogenitor cell.
10. The graft of claim 6 wherein the cellular agent is an adipose cell.

11. The graft of claim 1 hwerein the native adipose tissue is minced.

12. The graft of claim 11 wherein the minced tissue is characterized by a bimodal size

distribution.

10
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13. The graft of claim 1 further comprising:
c) a scaffold.

14. The graft of claim 1 further comprising:

c) a growth factor.

15. The graft of claim 1 further comprising:

c) a second active agent.
16. A method of making a graft derived from adipose tissue, comprising:
a) obtaining native adipose tissue,
b) separating the native adipose tissue into a first portion and a second portion,
c) concentrating an active agent from the first porﬁon, and
d) combining the concentrated agent with the second portion to produce an enhanced

adipose tissue.

17. The method of claim 16 further comprising the step of:

e) introducing the enhanced adipose tissue into an intervertebral disc.

18. The method of claim 16 wherein the step of concentrating the active agent

includes compressing the first portion of adipose tissue.

19. The method of claim 16 wherein the step of concentrating' the active agent

includes extracting the active agent from the first portion of adipose tissue.

20. The method of claim 16 wherein the first portion of adipose tissue is activated to

enhance production of the active agent.
21. The method of claim 16 wherein the second portion of adipose tissue is minced.

22. The method of claim 16 wherein the enhanced adipose tissue is liquefied.

11
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23. A graft derived from adipose tissue comprising a native level of an active agent,
comprising:
a) a first active agent derived from adipose tissue and present at a level greater than
the native level of the first active agent in adipose tissue, and
b) a second active agent derived from adipose tissue and present at a level greater |

than the native level of the second active agent in adipose tissue.

24. The graft of claim 23 further comprising:

c) native adipose tissue.
25. The graft of claim 24 wherein the first active agent is a protein.
26. The graft of claim 24 wherein the first active agent is adiponectin.

27. The graft of claim 24 wherein the first active agent is present in the graft at a level greater

than 10 pg/ml.
28. The graft of claim 24 wherein the first active agent is IRAP.

29. The graft of claim 24 wherein the first active agent is cellular.

'30. The graft of claim 24 wherein the cellular agent is a regenerative cell.

31. A method of making a graft derived from adipose tissue, comprising:

a) obtaining native adipose tissue,

b) separating the adipose tissue into a first portion and a second portion,

c) concentrating a first active agent from the first portion,

d) concentrating a second active agent from the first portion, and

¢) combining the concentrated agents with the second portion to produce an

enhanced adipose tissue.

12
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32. The method of claim 31 further comprising the step of:

f) introducing the enhanced adipose tissue into an intervertebral disc.
5  33. A method of making a graft derived from adipose tissue, comprising:

a) obtaining native adipose tissue,
b) separating the adipose tissue into a first portion, a second portion, and a third
portion,
10 ¢) concentrating a first active agent from the first portion,
d) concentrating a second active agent from the second portion, and
) combining the concentrated agents with the third portion to produce an enhanced

adipose tissue.

15 34. The method of claim 31 further comprising the step of:

g) introducing the enhanced adipose tissue into an intervertebral disc.

13
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