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METHODS OF USING ADIPOSE TISSUE-DERIVED CELLS IN THE TREATMENT OF THE

LYMPHATIC SYSTEM AND MALIGNANT DISEASE

FIELD OF THE INVENTION

[0001] Aspects of the present invention relate to compositions that comprise cells derived

from adipose tissue, specifically, adipose-tissue-derived lymphatic endothelial cells (LECs) and cells

capable of differentiating into lymphatic endothelial cells (pre-LECs). Methods of making and use

of the foregoing compositions are also provided.

BACKGROUND OF THE INVENTION

[0002] The lymphatic system plays a dual role in fluid transport and immune

surveillance. In fluid transport, extravasated fluid and macromolecules pass into lymphatic vessels

that are lined by a single layer of lymphatic endothelial cells (LECs) surrounded by an incomplete

basement membrane. Fluid is transferred from these vessels into larger vessels, many of which are

lined by lymphatic smooth muscle that exhibit spontaneous beating, which, in concert with the

action of adjacent skeletal muscle, pumps the lymph fluid back to the venous system through the

thoracic duct. A healthy adult will drain one to two liters of lymph every 24 hours.

[0003] Despite apparent similarities, lymphatic vessels are very different from blood

vessels, e.g., arteries, veins, and capillaries. In order to facilitate fluid uptake, initial lymph vessels

are extremely permeable, are largely devoid of a basement membrane, and lack supporting pericytes

and smooth muscle cells. Further, recent studies have demonstrated that, in the post-natal setting,

certain molecules are expressed by LECs but not by blood endothelial cells (BECs). These

molecules include, e.g., FLT-4 (also referred to as VEGF receptor-3, or VEGFR-3), D2-40, the

homeobox-containing gene Prox-1, podoplanin, and the CD44 homolog LYVE-I (Karkkainen, et al.,

2002 "Lymphatic endothelial regulation, lymphoedema, and lymph node metastasis," Semin Cell

Dev Biol 13(1): 9-18). FLT-4, the protein product of the fms-like tyrosine kinase-4 gene,

specifically recognizes and is activated by VEGF-C and other ligands.

[0004] Other differences between LECs and BECs have been described (Kriehuber, et

al., 2001, "Isolation and characterization of dermal lymphatic and blood endothelial cells reveal

stable and functionally specialized cell lineages," J Exp Med 194(6): 797-808, incorporated herein



by reference in its entirety). For example, LECs and BECs have been reported not to be functionally

interchangeable. According to Kriehuber, et al., 2001, co-cultured isolated LECs and BECs form

only homotypic structures. The vessel-like structures formed in these cultures segregate into

structures formed entirely of LECs and structures formed entirely of BECs. Thus, BECs and cells

capable of differentiating into BECs would not necessarily be expected to function in lymphatic

repair and LECs and cells capable of differentiating into LECs would not necessarily be expected to

function in microvascular repair.

[0005] Furthermore, it has been reported that in the vertebrate heart coronary blood and

lymph vessels are derived from different sources. (See Wilting, et al., 2007, "The Proepicardium

Delivers Hemangioblasts but not Lymphangioblasts to the Developing Heart," Developmental

Biology doi:101016/j.ydbio.2007.02.026).

[0006] A number of pathological conditions exist in which the ability of the lymphatic

system to transport fluid is insufficient to meet demand. This leads to tissue edema that is

disfiguring, disabling, and, on occasion, life-threatening. There are thus a number of settings in

which modulation of expansion or repair of the lymphatic system are clinically desirable. Acute

myocardial infarction leads to increased vascular permeability, thereby increasing the amount of

fluid and macromolecules in the interstitial space for removal by the lymphatic system. This edema

leads to tissue injury throughout the ventricle, causing histologically visible gaps between vascular

endothelial cells and activation of platelets that reduce blood vessel patency. Myocardial edema is

evident in many clinical states and can be caused or worsened by cardiac surgery and myocardial

infarction. Myocardial edema is also implicated in rejection following heart transplant. The

consequences of edema have been studied in animal models of chronic lymphatic obstruction. These

studies indicate myofibrillar disruption resulting from edema-induced separation of cardiac

myocytes and formation of non-elastic scar tissue which can, in turn, lead to impaired conductance

and arrythmia (Kong, et al., 2005, "Effect of cardiac lymph flow obstruction on cardiac collagen

synthesis and interstitial fibrosis," Physiol Res. 55:253-258).

[0007] Severe tissue edema is frequently present following lymph node dissection, e.g.,

that which occurs as a routine part of sur gical therapy for breast cancer. Chemotherapy and

radiotherapy can also induce or worsen edema. In addition, lymphatic regeneration is an important

part of wound healing. The inclusion of lymphatic vessels within tissue-engineered constructs will

be an important factor in the success of these constructs and related products (Duxbury, et al., 2004,

"Lymphangiogenesis in tissue-engineered small intestine," Transplantation 77(8): 1162-6).



[0008] Effecting lymphatic expansion by administering a ligand specific for FLT-4 has

been proposed (e.g., U. S. Pat. No. 6,730,658, incorporated herein by reference in its entirety).

However, cellular over-expression of the FLT-4 ligand, VEGF-C, within a repairing wound

reportedly induced only transient lymphatic proliferation (Goldman, et al., 2005, "Overexpression of

VEGF-C causes transient lymphatic hyperplasia but not increased lymphangiogenesis in

regenerating skin," Circ. Res. 96(1 1): 1193-9). Further, these studies showed that VEGF-C had no

ability to induce LEC migration into the area of injury. It appears that lymph vessel generation and

stabilization is a multi-factorial process for which VEGF-C (or another FLT-4 ligand) is not alone

sufficient.

[0009] Another important aspect of lymphatic system biology is that the lymphatics are

involved in tumor metastasis. Invasion of the lymphatic system by malignant cells is well known as

a means of staging tumors. In one recent study it was shown that tumor lymph vessel density was a

strong predictor of positivity at adjacent sentinel lymph nodes (Massi, et al., 2006, "Tumour

lymphangiogenesis is a possible predictor of sentinel lymph node status in cutaneous melanoma: a

case-control study," J Clin Pathol 59(2): 166-73). Thus, methods of altering tumor

lymphangiogenesis may be applied to the management and treatment of malignancy.

[0010] LECs isolated from human palatine tonsils were reported to form tube-like

structures in vitro (Garrafa, et al., 2006, "Isolation and characterization of lymphatic microvascular

endothelial cells from human tonsils." J Cell Physiol 207(1): 107-13, incorporated herein by

reference in its entirety). However, harvesting of skin and tonsil LECs in sufficiently large

quantities to allow for clinical use creates harvest site morbidity. The therapeutic use of LECs

harvested from tumors is limited in that there is a risk of contamination with tumor cells. Adipose

tissue is well-known as a source of BECs but has not previously been recognized as a source of

LECs.

[0011] Data derived from kidney transplant patients have been interpreted to suggest that

circulating lymphatic progenitor cells exist (Religa, et al., 2005, "Presence of bone marrow-derived

circulating progenitor endothelial cells in the newly formed lymphatic vessels," Blood 106(13):

4184-90; Kerjaschki, et al., 2006, "Lymphatic endothelial progenitor cells contribute to de novo

lymphangiogenesis in human renal transplants," Nature Medicine 12(2): 230-4, incorporated herein

by reference). Religa, et al., 2005, reported that following gender-mismatched kidney transplants,

approximately 4.5% of the recipient's lymphatic endothelial nuclei were found to be donor-derived.

It has been reported that these cells, while circulating, exhibited certain markers of the mononuclear



phagocyte lineage, including CD45 and CD14 (Kerjaschki, et al., 2006). Two other populations

have been hypothesized as lymphatics EPC candidates: the FLT-4+/CD34+ population and the

CD133+/FLT-4+ (e.g., Salven, et al., 2003, "VEGFR-3 and CD 133 identify a population of CD34+

lymphatic/vascular endothelial precursor cells," Blood 101(1): 168-72). However, the frequency of

these populations in human peripheral blood appears to be extremely low. It has been reported that

the frequency of CD34+ cells in the blood is approximately 0.2% (Bender, et al., 1991,

"Identification and comparison of CD34-positive cells and their subpopulations from normal

peripheral blood and bone marrow using multicolor flow cytometry," Blood 77(12): 2591-6), and

that only 0.2% ± 0.1% of CD34+ cells in the normal adult blood express FLT-4 (Salven, et al., 2003).

Accordingly, the frequency of CD34+/FLT-4+ cells in normal blood would be only 0.04%.

[0012] Adipose tissue contains a population of cells with the ability to differentiate into

multiple cell lineages, that is frequently referred to as Adipose-tissue-Derived Stem Cells (ADSC)

(Zuk, et al., 2002, "Human adipose tissue is a source of multipotent stem cells," MoI Biol Cell

13(12): 4279-95 incorporated herein by reference in its entirety and U. S. Pat. No. 6,777,231,

incorporated herein by reference in its entirety.) Katz, et al., have reported performing a low density

gene expression microarray analysis of ADSC (Katz, et al. 2005, "Cell surface and transcriptional

characterization of human adipose-derived adherent stromal (hADAS) cells," Stem Cells 23(3): 412-

23 incorporated herein by reference in its entirety). VEGF-C, a ligand for FLT-4, was among the

many genes that this study showed to be expressed in ADSC. The frequency of ADSC within the

adipose-derived cell population as a whole, as measured by generally recognized clonogenic assays

(fibroblastic colony-forming unit and alkaline phosphatase expressing colony-forming unit), has

been reported to be approximately 1-8% (Fraser, et al., 1992, "Proliferation of totipotent

hematopoietic stem cells in vitro with retention of long-term competitive in vivo reconstituting

ability," Proc Natl Acad Sci U S A 89(5): 1968-72 and U. S. Pub. No. 2003/0161816, titled

"Systems and Methods for Treating Patients with Processed Lipoaspirate Cells," both incorporated

herein by reference). The need for a rich source of LECs and pre-LECs, for tissue transplantation

and the treatment of lymphatic diseases and disorders is manifest.

SUMMARY OF THE INVENTION

[0013] Embodiments described herein relate to the discovery that LECs and cells capable

of differentiating into LECS (pre-LECs) can be obtained, enriched, isolated and/or purified from



adipose tissue. The ease and low morbidity of adipose tissue removal makes this discovery

particularly unique and a significant clinical advance. Further, the ability to obtain, enrich, isolate

and/or purify LECs and/or pre-LECs from adipose tissue, and reintroduce the LECs and/or pre-LECs

into the same subject from which the adipose tissue was removed (e.g., autologous transfer) provides

substantial clinical benefit since one can more easily avoid contamination, tissue rejection, and

infection. Accordingly, in light of the disclosure herein, adipose tissue can now be thought of as a

rich source of lymphatic cells for expansion, repair, and regeneration of the lymphatic system. The

LECs and pre-LECs obtained according to the methods provided herein can be used in therapeutic

preparations, cosmetics, and as biotechnological tools (e.g., to identify compounds that modulate

expansion, repair, or regeneration of the lymphatic system).

[0014] Some embodiments concern methods of processing adipose tissue to obtain a cell

population that comprises an enriched, isolated, or concentrated amount of LECs and/or pre-LECs.

By some approaches, adipose tissue is removed from a subject (e.g., a mammal, a domestic animal, a

rodent, a horse, a dog, cat, or human) and an adipose-derived cell population containing LECs and/or

pre-LECs is separated from collagen, adipocytes, blood, and saline (e.g., by employing a

disaggregation enzyme, filtration, or centrifugation or any combination of these approaches).

Preferably, a cell processing unit is used (e.g., U.S. App. Ser. No. 10/316,127, U.S. Pub. No.

2003/0161816, entitled SYSTEMS AND METHODS FOR TREATING PATIENTS WITH

PROCESSED LIPOASPIRATE CELLS, filed December 9, 2002, and U.S. App. Ser. No.

10/877,822, U.S. Pat. App. Pub. No. 2005/0084961, entitled SYSTEMS AND METHODS FOR

SEPARATING AND CONCENTRATING REGENERATIVE CELLS FROM TISSUE, filed June

25, 2004; both of which are hereby expressly incorporated by reference in their entireties). In

embodiments, the adipose-derived LEC and/or pre-LEC cells express an amount of, e.g., FLT-4,

and/or CD45, and/or CD31, and/or CD34, and/or podoplanin, and/or LYVE-I, and/or Prox-1.

[0015] In some embodiments, once the adipose-derived cell population that comprises

LECs and/or pre-LECs is obtained, it is further refined, concentrated, enriched, isolated, or purified

using a cell sorting device (e.g., FACS) and/or gradient sedimentation (e.g., ficoll-hypaque). In

some embodiments, the obtained, refined, enriched, isolated, or purified adipose-derived cell

population comprising LECs and/or pre-LECs has a cell population that is greater than or equal to

0.5%- 1%, 1-2%, 2%-4%, 4%-6%, 6%-8%, 8%-10%, 10%-20%, 20%-30%, 30%-40%, 40%-50%,

50%-60%, 60%-70%, 70%-80%, 80%-90%, or 90%- 100% LECs and/or pre-LECs, as compared to

the total adipose-derived cell population. Compositions that comprise, consist, or consist essentially



of an adipose-derived cell population with greater than or equal to 0.5%- 1%, 1-2%, 2%-4%, 4%-6%,

6%-8%, 8%-10%, 10%-20%, 20%-30%, 30%-40%, 40%-50%, 50%-60%, 60%-70%, 70%-80%,

80%-90%, or 90%- 100% LECs and/or pre-LECs, as compared to the total adipose-derived cell

population, can be made by isolating the LECs and/or pre-LECs using a cell processing device,

gradient sedimentation or a cell sorting device or a combination of any of these techniques and, in

some embodiments, mixing said obtained, refined, enriched, isolated, or purified LECs and/or pre-

LECs with a support, biological material, prosthetic, or medical device. Preferably, compositions

that comprise, consist, or consist essentially of the adipose derived cell population comprising one or

more of the foregoing amounts/concentrations of LECs and/or pre-LECs are made by mixing the

LECs and/or pre-LECs with unprocessed adipose tissue, a collagen matrix or biological prosthetic or

support, processed adipose tissue containing adipose-derived stem cells and/or progenitor cells, and

cell populations already containing an enriched amount of LECs and/or pre-LECs.

[0016] Accordingly, aspects of the invention include compositions that comprise, consist,

or consist essentially of a refined, enriched, concentrated, isolated, or purified adipose-derived cell

population comprising LECs and/or pre-LECs and mixtures of these cells with a biological material,

support, prosthetic, or medical device, including but not limited to, unprocessed adipose tissue,

collagen matrix or support, processed adipose tissue containing adipose-derived stem cells and/or

progenitor cells, and cell populations already containing an enriched amount of LECs and/or pre-

LECs. In some embodiments, the aforementioned compositions comprise an amount or

concentration of refined, isolated, or purified adipose-derived LECs and/or pre-LECs that is greater

than or equal to 0.5%- 1%, 1-2%, 2%-4%, 4%-6%, 6%-8%, 8%-10%, 10%-20%, 20%-30%, 30%-

40%, 40%-50%, 50%-60%, 60%-70%, 70%-80%, 80%-90%, or 90%- 100% LECs and/or pre-LECs,

as compared to the total adipose-derived cell population. In some embodiments, the adipose-derived

LEC and/or pre-LECs express an amount of, e.g., FLT-4, and/or CD45, and/or CD31, and/or CD34,

and/or podoplanin, and/or LYVE-I, and/or Prox-1. Methods of making and using the foregoing

compositions are also embodiments and in some aspects of the invention, the biological material,

support, prosthetic, or medical device is provided separately from the cell population comprising

adipose-derived LECs and/or pre-LECs (e.g., the biological material, support, prosthetic, or medical

device is co-administered with said LECs and/or pre-LECs).

[0017] In some embodiments, the cell population that comprises LECs and/or pre-LECs

is processed in a cell processing unit that operates in a closed system {see e.g., U.S. App. Ser. No.

10/316,127 (U.S. Pub. No. 2003/0161816), entitled SYSTEMS AND METHODS FOR TREATING



PATIENTS WITH PROCESSED LIPOASPIRATE CELLS, filed December 9, 2002, and U.S. App.

Ser. No. 10/877,822 (U.S. Pat. App. Pub. No. 2005/0084961), entitled SYSTEMS AND METHODS

FOR SEPARATING AND CONCENTRATING REGENERATIVE CELLS FROM TISSUE, filed

June 25, 2004). In more embodiments, the cell collection chamber of said cell processing unit is

attached to a cell sorter such that the cell processing unit and cell sorter are within a closed system.

Accordingly, a sample of cells or the entire cell population obtained from the cell processing unit

can be transferred through a conduit, while maintaining a closed system, to the cell sorter, which

then identifies and/or confirms the presence of said LECs and/or pre-LECs in the adipose-derived

cell population and/or separates, isolates, and purifies said LECs and/or pre-LECs.

[0018] In more embodiments, the cell collection chamber of said cell processing unit is

attached to a purification chamber via a conduit such that a closed system is maintained. The

purification chamber contains a centrifuge loaded with tubes containing an LEC and/or pre-LEC

selective gradient (e.g., ficoll-hypaque) such that once the population of cells obtained at the cell

collection chamber is passed through the conduit, while maintaining a closed system, to the

purification chamber, said cell population is layered on the gradient. Centrifugation is conducted

and the portion of the gradient containing the purified LECs and/or pre-LECs is removed. The

removed LECs and/or pre-LECs or a portion thereof can be cryopreserved and stored or analyzed for

the presence or absence of a marker that confirms the presence of LECs and/or pre-LECs in the cell

population by transferring a sample of said cells to a testing chamber, as detailed below. The

removed purified LECs and/or pre-LECs can also be immediately introduced into a subject, or

mixed with or co-administered to said subject with a biological material, support, prosthetic, or

medical device.

[0019] In some embodiments, once an adipose-derived cell population suspected of

containing LECs and/or pre-LECs has been obtained, refined, enriched, isolated, or purified it is

desired that said cell population is analyzed or measured for the presence or absence of an LEC

and/or pre-LEC marker, which identifies and/or confirms that the adipose derived cell population, in

fact, comprises LECs and/or pre-LECs. In some embodiments, the marker used to identify the

presence or absence of LECs and/or pre-LECs in an adipose-derived cell population is selected from

the group consisting of, e.g., FLT-4, and/or CD45, and/or CD31, and/or CD34, and/or podoplanin,

and/or LYVE-I, and/or Prox-1. Markers used to identify or confirm the presence or absence of

LECs and/or pre-LECs in an adipose-derived cell population also include an RNA encoding one or

more of the aforementioned proteins. The presence or absence of these markers can be identified



using conventional techniques in immunology and molecular biology, including but not limited to,

immunolabeling, immunohistochemistry, immunoprecipitation, immunoblots, PCR, Northern

hybridization, gene chips, arrays and the like. A measurement of the presence or absence of a

marker or markers that indicates that an adipose-derived cell population comprises LECs and/or pre-

LECs provides one of skill in the art with an understanding of the nature of the preparation, the level

of refinement, enrichment, isolation or purification, and whether the adipose tissue used to generate

the cell preparation was a good source from which to prepare the compositions described herein.

[0020] In some embodiments, the measurement for the presence or absence of a marker

that indicates that said cell population comprises LECs and/or pre-LECs is conducted within the cell

processing unit while maintaining a closed system and in other embodiments, a sample of the

processed cell population is removed from the cell processor and a measurement for the presence or

absence of a marker that indicates that said cell population comprises LECs and/or pre-LECs is

conducted outside of the closed system.

[0021] By some approaches, a portion of the adipose-derived cell population is

transferred through a conduit from a cell collection chamber to a cell testing chamber that contains a

buffer comprising a detectably labeled antibody (e.g., a fluorescently labeled antibody) that binds to,

e.g., FLT-4, and/or CD45, and/or CD31, and/or CD34, and/or podoplanin, and/or LYVE-I, and/or

Prox-l.such that a closed system is maintained. Once the labeled antibody has had sufficient time

to interact with said cells, the buffer containing said antibody is removed through an outlet port

leading to a waste container and a wash buffer is introduced into said testing chamber via an inlet

port. A plurality of wash cycles can be employed. Attached to the cell testing chamber or

incorporated therein is a detector, which detects the presence or absence of LECs and/or pre-LECs

bound to said detectably labeled antibody in the washed sample.

[0022] Additionally, the methods of processing adipose tissue to obtain a cell population

that comprises LECs and/or pre-LECs described herein can include cryopreservation such that, in

some approaches, before or after the cells have been measured or analyzed for the presence or

absence of a marker that indicates the cell population comprises LECs and/or pre-LECs, said cells

can be cryopreserved and stored or banked for future use. Conventional approaches to

cryopreservation and storage can be used such that the cell population that comprises LECs and/or

pre-LECs can be removed from a cell processor and cryopreserved outside of the closed system and

in some embodiments, a cryopreservation chamber including a cryopreservation liquid or gas (e.g.,



liquid nitrogen) is attached to said cell processor such that said cell population can be cryopreserved

within a closed system.

[0023] Aspects of the invention also concern methods of tissue transplantation, wherein

an adipose-derived cell population that comprises LECs and/or pre-LECs obtained by an approach

described herein is provided to a subject (e.g., a mammal, a domestic animal, a horse, a rodent, a

dog, cat, or human) in need of lymphatic cells, lymphatic vessels, or lymphatic tissue. Accordingly,

said subject is identified as one in need of lymphatic cells, lymphatic vessels, or lymphatic tissue

(e.g., by clinical evaluation by a technician, veterinarian, or physician) and said subject is provided

an amount of an adipose-derived cell population that comprises LECs and/or pre-LECs (e.g., in an

enriched, concentrated, isolated, refined, or purified form, as described herein) sufficient to induce

formation of lymphatic vessels or lymphatic tissue. In some embodiments, the adipose-derived LEC

and/or pre-LEC cells express an amount of FLT-4, CD45, CD31, CD34, podoplanin, LYVE-I, or

Prox-1. In some embodiments, said identified subject has a disease or disorder selected from the

group consisting of obesity; lymphatic vessel aplasia; edema; lymphatic vessel loss or damage due to

surgical intervention; lymphatic vessel loss, damage or deficiency due to organ or tissue transplant;

reduced lymphatic vessel function due to lymphatic vessel blockage; lymphatic vessel occlusion;

elephantiasis; cardiovascular disease; heart disease; chronic granulomatous disease (CGD);

lymphatic malignancies, including Hodgkin's Disease, non-Hodgkin's lymphoma, and Castleman

Disease; non-lymphatic malignancies, including breast cancer, ovarian cancer, colorectal cancer,

lung cancer, liver cancer, stomach cancers, pancreatic cancer, and CNS cancer.

[0024] In some methods of tissue transplantation, the adipose-derived cell population that

comprises LECs and/or pre-LECs, which is provided to said subject, comprises greater than or equal

to 0.5%- 1%, 1-2%, 2%-4%, 4%-6%, 6%-8%, 8%-10%, 10%-20%, 20%-30%, 30%-40%, 40%-50%,

50%-60%, 60%-70%, 70%-80%, 80%-90%, or 90%- 100% LECs and/or pre-LECs as compared to

the total adipose-derived cell population. The adipose-derived cell population comprising LECs

and/or pre-LECs used in these methods can be obtained by isolating the LECs and/or pre-LECs

using a cell processing device, filtration, gradient sedimentation or a cell sorting device or a

combination of any of these techniques. Further, the adipose derived cell population comprising

LECs and/or pre-LECs used in these methods can be obtained by mixing or coadministering a

refined, enriched, isolated, or purified cell population that comprises LECs and/or pre-LECs

obtained in accordance with an embodiment described herein with a medical device, prosthetic,

tissue, graft, support, unprocessed adipose tissue, collagen matrix, support, processed adipose tissue



containing adipose-derived stem cells and/or progenitor cells, and cell populations already

containing an enriched amount of LECs and/or pre-LECs.

[0025] By some approaches, said cell population that comprises LECs and/or pre-LECs

obtained, refined, enriched, isolated, or purified in accordance with the teachings herein can be re¬

introduced into the same subject from which the adipose tissue used to obtain said population that

comprises LECs and/or pre-LECs was removed (autologous transfer). By some approaches, the

adipose-derived cell population that comprises LECs and/or pre-LECs is cryopreserved and

subsequently thawed prior to re-introduction into the same subject from which said cells were

removed. In more embodiments, an induction of lymphatic cell growth or differentiation or the

production of lymphatic vessels or tissue is analyzed and/or measured in said subject that received

said adipose-derived cell population that comprises LECs and/or pre-LECs. Such measurement or

analysis can be conducted days (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14 days) or weeks

(e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14 weeks) after the subject receives said adipose-

derived cell population that comprises LECs and/or pre-LECs and such measurement and analysis

can be conducted by conventional techniques (e.g., clinical evaluation or biopsy).

[0026] Some embodiments described herein relate to methods of inducing expansion of

lymph vessels, wherein a subject (e.g., a mammal, a domestic animal, a horse, a rodent, a dog, cat, or

human) is identified as one in need of an expansion of lymph vessels and said identified subject is

provided a population of adipose-derived LEC and/or pre-LEC cells that express an amount of, e.g.,

FLT-4, and/or CD45, and/or CD31, and/or CD34, and/or podoplanin, and/or LYVE-I, and/or Prox-

1. Said subject can be identified as one in need of an induction of expansion of lymph vessels

through the clinical evaluation of a technician, veterinarian, or physician. In some embodiments said

identified subject suffers from a disease or disorder selected from the group consisting of obesity;

lymphatic vessel aplasia; edema; lymphatic vessel loss or damage due to surgical intervention;

lymphatic vessel loss, damage or deficiency due to organ or tissue transplant; reduced lymphatic

vessel function due to lymphatic vessel blockage; lymphatic vessel occlusion; elephantiasis;

cardiovascular disease; heart disease; chronic granulomatous disease (CGD); lymphatic

malignancies, including Hodgkin's Disease, non-Hodgkin's lymphoma, and Castleman Disease;

non-lymphatic malignancies, including breast cancer, ovarian cancer, colorectal cancer, lung cancer,

liver cancer, stomach cancers, pancreatic cancer, and CNS cancer.

[0027] The population of cells that comprise adipose-derived LEC and/or pre-LEC cells,

which express an amount of, e.g., FLT-4, and/or CD45, and/or CD31, and/or CD34, and/or



podoplanin, and/or LYVE-I, and/or Prox-1 given to said identified subject can be refined,

concentrated, enriched, isolated or purified (e.g., greater than or equal to 0.5%- 1%, 1-2%, 2%-4%,

4%-6%, 6%-8%, 8%-10%, 10%-20%, 20%-30%, 30%-40%, 40%-50%, 50%-60%, 60%-70%, 70%-

80%, 80%-90%, or 90%- 100% LECs and/or pre-LECs). T he adipose-derived cell population

comprising LECs and/or pre-LECs used in these methods can be obtained by isolating the LECs

and/or pre-LECs using a cell processing device, gradient sedimentation, filtration, or a cell sorting

device or a combination of any of these techniques. Further, the adipose derived cell population

used in these methods can be obtained by mixing or co-administering an enriched or isolated cell

population that comprises LECs and/or pre-LECs obtained in accordance with an embodiment

described herein with unprocessed adipose tissue, collagen matrix, support, processed adipose tissue

containing adipose-derived stem cells and/or progenitor cells, and cell populations already

containing an enriched amount of LECs and/or pre-LECs.

[0028] By some approaches, said methods of inducing expansion of lymph vessels

require re-introduction of a cell population that comprises LECs and/or pre-LECs obtained, refined,

enriched, concentrated, isolated, or purified in accordance with the teachings herein into the same

subject from which the adipose tissue used to obtain said population that comprises LECs and/or

pre-LECs was removed (autologous transfer). By some approaches, the adipose-derived cell

population that comprises LECs and/or pre-LECs is cryopreserved and subsequently thawed prior to

re-introduction into the same subject from which said cells were removed. In more embodiments, an

induction of lymphatic cell growth or differentiation or the production of lymphatic vessels or tissue

is analyzed or measured in said subject that received said adipose-derived cell population that

comprises LECs and/or pre-LECs. Such measurement or analysis can be conducted days (e.g., 1, 2,

3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14 days) or weeks (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or

14 weeks) after the subject receives said adipose-derived cell population that comprises LECs and/or

pre-LECs and such measurement and analysis can be conducted by conventional techniques (e.g.,

clinical evaluation or biopsy).

[0029] Aspects of the invention also concern methods of treating a patient having a

disease or disorder involving the lymphatic system, said disease or disorder selected from the group

consisting of obesity; lymphatic vessel aplasia; edema; lymphatic vessel loss or damage due to

surgical intervention; lymphatic vessel loss, damage or deficiency due to organ or tissue transplant;

reduced lymphatic vessel function due to lymphatic vessel blockage; lymphatic vessel occlusion;

elephantiasis; cardiovascular disease; heart disease; chronic granulomatous disease (CGD);



lymphatic malignancies, including Hodgkin's Disease, non-Hodgkin's lymphoma, and Castleman

Disease; non-lymphatic malignancies, including breast cancer, ovarian cancer, colorectal cancer,

lung cancer, liver cancer, stomach cancers, pancreatic cancer, and CNS cancer. By some

approaches, said patient is identified as having one of the aforementioned diseases or disorders using

clinical evaluation or diagnostic techniques and said patient is provided an effective amount of an

adipose-derived cell population comprising refined, concentrated, isolated, enriched, or purified

LECs and/or pre-LECs, obtained as decribed herein, preferably a population of adipose-derived LEC

and/or pre-LEC cells that express an amount of FLT-4, a ligand for FLT-4, such as VEGF-C, CD45,

CD31, CD34, podoplanin, LYVE-I, or Prox-1 . In some embodiments, the improvement of the

disease or disorder is measured, analyzed, or observed, and in other embodiments, the expansion or

induction of lymphatic cell, vessel, or tissue growth is measured, analyzed, or observed. In more

embodiments, said cells have been modified to deliver an agent with the ability to reduce

progression of the disease.

[0030] In accordance with more embodiments, the adipose-derived cell population that

comprises LECs and/or pre-LECs is provided to a subject as an anti-tumor agent delivery vehicle.

For example, by engineering the cells to express one or more pro-drugs or pro-drug converting

enzymes, agents suitable for treating malignant disease can be targeted to lymphatic vessels

developing within the tumor. The adipose-derived cell population that comprises LECs and/or pre-

LECs can be engineered to release one or more chemotherapeutic agents, for example. In some

embodiments, especially when a lymphatic disorder results from the inability to express a factor

involved in a lymphatic function, an adipose-derived cell population that comprises LECs and/or

pre-LECs engineered to express and deliver that factor can be provided. In a related approach, an

adipose-derived cell population that comprises LECs and/or pre-LECs from a patient having normal

expression of that factor can be administered to the patient. U.S. Pat. App. Pub. No. 2006/0088532,

titled "Lymphatic and Blood Endothelial Cell Genes," hereby expressly incorporated by reference,

describes a number of genes that can be introduced into an adipose-derived cell population that

comprises LECs and/or pre-LECs prepared as described herein and said transfected cells can be used

to treat various lymphatic disorders

[0031] Aspects of the present invention also concern methods of identifying a compound

that modulates expansion or induction of adipose-derived LECs and/or pre-LECs, lymphatic vessels,

or lymphatic tissue. By some approaches these methods require identification of a candidate

compound, contacting said candidate compound with a population of adipose-derived LECs and/or



pre-LECs, obtained as described herein, and measuring, analyzing, or observing, a difference in the

expansion of said cells or the induction of lymphatic vessel or lymphatic tissue formation in the

presence of the candidate compound, as compared to expansion of said cells or the induction of

lymphatic vessel or lymphatic tissue formation in the absence of said candidate compound.

Preferably, adipose-derived LECs and/or pre-LECs that express an amount of, e.g., FLT-4, and/or

CD45, and/or CD31, and/or CD34, and/or podoplanin, and/or LYVE-I, and/or Prox-1 are used.

[0032] Accordingly, some embodiments provided herein relate to an isolated population

of adipose-derived cells comprising lymphatic endothelial cells (LECs) and pre-LECs, wherein

greater than 5%, greater than 10%, greater than 20%, greater than 30%, greater than 40%, or more of

the isolated population of adipose-derived cells express FLT-4.

[0033] Some embodiments provided herein relate to an isolated population of adipose-

derived cells comprising lymphatic endothelial cells (LECs) and pre-LECs, wherein greater than 5%,

greater than 10%, or more of the population of adipose-derived cells also express CD45. Some

embodiments, provided herein relate to an isolated population of adipose-derived cells comprising

lymphatic endothelial cells (LECs) and pre-LECs, wherein greater than 5%, greater than 10%, or

more of the population of adipose-derived cells also express CD34.

[0034] Some embodiments provided herein relate to compositions comprising the

isolated population of adipose-derived cells described herein, mixed with a biological material, an

additive, a support, a medical device, a prosthetic, a cell differentiation factor, a growth promoter, an

immunosuppressive agent, an anti-apoptosis agent, a biological tissue, a tissue graft, a portion of

unprocessed adipose tissue, a collagen, a population of adipose-derived stem cells, a population of

adipose-derived endothelial cells, or a population of adipose derived progenitor cells.

[0035] Some embodiments provided herein relate to a method of lymphatic endothelial

cell (LEC) and pre-LEC transplantation in a mammal. A mammal in need of LECs or pre-LECs can

be identified, and provided or administered an isolated population of adipose-derived cells

comprising lymphatic endothelial cells (LECs) and pre-LECs, wherein greater than 5% of said

population of adipose-derived cells express FLT-4. In some embodiments, the isolated population of

adipose-derived cells can be mixed with a biological material, an additive, a medical device, a

prosthetic, a cell differentiation factor, a growth promoter, an immunosuppressive agent, an anti-

apoptosis agent, a biological tissue, a tissue graft, a portion of unprocessed adipose tissue, a

collagen, a population of adipose-derived stem cells, a population of adipose-derived endothelial

cells, or a population of adipose derived progenitor cells.



[0036] In some embodiments, the mammal can be assessed for one or more of the

following: induction of lymphatic cell proliferation, lymphatic cell expansion, lymphatic vessel

formation, and lymphatic tissue formation. In some embodiments, the cell transplantation

accompanies a breast augmentation procedure. In some embodiments, the mammal identified has a

disease or disorder selected from the group consisting of obesity, lymphatic vessel aplasia, edema,

lymphatic vessel loss or damage due to surgical intervention, lymphatic vessel loss, damage or

deficiency due to organ or tissue transplant, reduced lymphatic vessel function due to lymphatic

vessel blockage, lymphatic vessel occlusion, elephantiasis, cardiovascular disease, heart disease,

chronic granulomatous disease (CGD), a lymphatic malignancy, Hodgkin's Disease, a non-

Hodgkin's lymphoma, Castleman Disease; a non-lymphatic malignancy, a breast cancer, an ovarian

cancer, a colorectal cancer, a lung cancer, a liver cancer, a stomach cancer, a pancreatic cancer, and a

cancer of the central nervous system.

[0037] Some embodiments relate to methods of inducing expansion of lymph vessels in a

mammal. In some embodiments, a mammal in need of an expansion of lymph vessels is identified,

and provided an isolated population of adipose-derived cells comprising lymphatic endothelial cells

(LECs) and pre-LECs, wherein greater than 5% of said population of adipose-derived cells express

FLT-4.

[0038] In some embodiments, the isolated population of adipose-derived cells can be

mixed with a biological material, an additive, a medical device, a prosthetic, a cell differentiation

factor, a growth promoter, an immunosuppressive agent, an anti-apoptosis agent, a biological tissue,

a tissue graft, a portion of unprocessed adipose tissue, a collagen, a population of adipose-derived

stem cells, a population of adipose-derived endothelial cells, or a population of adipose derived

progenitor cells

[0039] In some embodiments, the mammal can be assessed for one or more of the

following: induction of lymphatic cell proliferation, lymphatic cell expansion, lymphatic vessel

formation, and lymphatic tissue formation. In some embodiments, the providing or administration

step accompanies a breast augmentation procedure.

[0040] In some embodiments, the mammal has a disease or disorder selected from the

group consisting of obesity, lymphatic vessel aplasia, edema, lymphatic vessel loss or damage due to

surgical intervention, lymphatic vessel loss, damage or deficiency due to organ or tissue transplant,

reduced lymphatic vessel function due to lymphatic vessel blockage, lymphatic vessel occlusion,

elephantiasis, cardiovascular disease, heart disease, chronic granulomatous disease (CGD), a



lymphatic malignancy, Hodgkin's Disease, a non-Hodgkin's lymphoma, Castleman Disease; a non-

lymphatic malignancy, a breast cancer, an ovarian cancer, a colorectal cancer, a lung cancer, a liver

cancer, a stomach cancer, a pancreatic cancer, and a cancer of the central nervous system.

[0041] Some embodiments relate to methods of treating a disease or disorder selected

from the group consisting of obesity, lymphatic vessel aplasia, edema, lymphatic vessel loss or

damage due to surgical intervention, lymphatic vessel loss, damage or deficiency due to organ or

tissue transplant, reduced lymphatic vessel function due to lymphatic vessel blockage, lymphatic

vessel occlusion, elephantiasis, cardiovascular disease, heart disease, chronic granulomatous disease

(CGD), a lymphatic malignancy, Hodgkin's Disease, a non-Hodgkin's lymphoma, Castleman

Disease; a non-lymphatic malignancy, a breast cancer, an ovarian cancer, a colorectal cancer, a lung

cancer, a liver cancer, a stomach cancer, a pancreatic cancer, and a cancer of the central nervous

system. A mammal can be identified as having the disease or disorder, and provided or administered

an isolated population of adipose-derived cells comprising lymphatic endothelial cells (LECs) and

pre-LECs, wherein greater than 5% of said population of adipose-derived cells express FLT-4.

[0042] In some embodiments, the isolated population of adipose-derived cells can be

mixed with a biological material, an additive, a medical device, a prosthetic, a cell differentiation

factor, a growth promoter, an immunosuppressive agent, an anti-apoptosis agent, a biological tissue,

a tissue graft, a portion of unprocessed adipose tissue, a collagen, a population of adipose-derived

stem cells, a population of adipose-derived endothelial cells, or a population of adipose derived

progenitor cells.

[0043] In some embodiments, the mammal can be assessed for one or more of the

following: induction of lymphatic cell proliferation, lymphatic cell expansion, lymphatic vessel

formation, and lymphatic tissue formation.

[0044] Some embodiments herein provide a method of processing adipose tissue to

obtain an isolated population of adipose-derived cells that comprises lymphatic endothelial cell

(LECs) and pre-LECs for transplantation in a mammal in need thereof. Adipose tissue from a

mammal can be provided and processed by filtration or centrifugation or both to obtain an adipose-

derived cell population that is substantially separated from collagen, adipocytes, and blood cells.

The presence or absence of LECs or pre-LECs in the adipose-derived cell population can be

determined or assessed, for example by determining the presence or absence of a marker for LECs or

pre-LECs. For example, the presence or absence of markers such as FLT-4, CD45, CD3 1, CD34,



Podoplanin, LYVE-I, and Prox-1 or an RNA encoding FLT-4, CD45, CD31, CD34, Podoplanin,

LYVE-I, and Prox-1 or fragments thereof can be determined.

[0045] In some embodiments, the processing is performed in a closed system.

[0046] In some embodiments, the isolated population of adipose-derived cells that

comprises lymphatic endothelial cell (LECs) and pre-LECs can be mixed said with a biological

material, an additive, a support, a medical device, a prosthetic, a cell differentiation factor, a growth

promoter, an immunosuppressive agent, an anti-apoptosis agent, a biological tissue, a tissue graft, a

portion of unprocessed adipose tissue, a collagen, a population of adipose-derived stem cells, a

population of adipose-derived endothelial cells, or a population of adipose derived progenitor cells.

[0047] In some embodiments, the cells, e.g., lymphatic endothelial cells (LECs) and pre-

LECs, wherein greater than 5% of said population of adipose-derived cells express FLT-4, can be

provided to a mammal in need of a transplantation of LECs or pre-LECs. In some embodiments, the

isolated population of adipose-derived cells can be mixed with a biological material, an additive, a

medical device, a prosthetic, a cell differentiation factor, a growth promoter, an immunosuppressive

agent, an anti-apoptosis agent, a biological tissue, a tissue graft, a portion of unprocessed adipose

tissue, a collagen, a population of adipose-derived stem cells, a population of adipose-derived

endothelial cells, or a population of adipose derived progenitor cells.

[0048] In some embodiments, the mammal has a disease or disorder selected from the

group consisting of obesity, lymphatic vessel aplasia, edema, lymphatic vessel loss or damage due to

surgical intervention, lymphatic vessel loss, damage or deficiency due to organ or tissue transplant,

reduced lymphatic vessel function due to lymphatic vessel blockage, lymphatic vessel occlusion,

elephantiasis, cardiovascular disease, heart disease, chronic granulomatous disease (CGD), a

lymphatic malignancy, Hodgkin's Disease, a non-Hodgkin's lymphoma, Castleman Disease; a non-

lymphatic malignancy, a breast cancer, an ovarian cancer, a colorectal cancer, a lung cancer, a liver

cancer, a stomach cancer, a pancreatic cancer, and a cancer of the central nervous system.

[0049] In some embodiments, the mammal that is provided the adipose derived cell

population is the same mammal from which the adipose derived cell population was obtained.

[0050] Some embodiments disclosed herein relate to a method of delivering a

chemotherapeutic agent to a mammal. A mammal in need of a chemotherapeutic agent can be

identified and provided an isolated population of adipose-derived cells comprising lymphatic

endothelial cells (LECs) and pre-LECs, wherein greater than 5% of said population of adipose-



derived cells express FLT-4, to said identified mammal, wherein said isolated population of adipose

derived cells expresses said chemotherapeutic agent.

[0051] In some embodiments, the isolated population of adipose-derived cells can be

mixed with a biological material, an additive, a support, a medical device, a prosthetic, a cell

differentiation factor, a growth promoter, an immunosuppressive agent, an anti-apoptosis agent, a

biological tissue, a tissue graft, a portion of unprocessed adipose tissue, a collagen, a population of

adipose-derived stem cells, a population of adipose-derived endothelial cells, or a population of

adipose derived progenitor cells.

[0052] Some embodiments disclosed herein relate to a method of identifying a compound

that modulates expansion or induction of cells or tissue selected from the group consisting of

adipose-derived LECs, adipose-derived pre-LECs, lymphatic vessels, and lymphatic tissue. A

candidate compound can be provided, and contacted with an isolated population of adipose-derived

cells comprising lymphatic endothelial cells (LECs) and pre-LECs, wherein greater than 5% of said

population of adipose-derived cells express FLT-4. The method can include the step of determining

a difference in the expansion of the population of adipose-derived cells or the induction of lymphatic

vessels or lymphatic tissue formation in the presence of the candidate compound, as compared to

expansion of the population of adipose-derived cells or the induction of lymphatic vessel or

lymphatic tissue formation in the absence of the candidate compound. Thus, a candidate compound

can be identified as a compound that modulates expansion or induction of adipose-derived LECs or

pre-LECs, lymphatic vessels, or lymphatic tissue when a difference in the expansion of the

population of adipose-derived cells or the induction of lymphatic vessels or lymphatic tissue

formation in the presence of the candidate compound, as compared to expansion of the population of

adipose-derived cells or the induction of lymphatic vessel or lymphatic tissue formation in the

absence of the candidate compound.

[0053] In some embodiments, the isolated population of adipose-derived cells can be

mixed with a biological material, an additive, a medical device, a prosthetic, a cell differentiation

factor, a growth promoter, an immunosuppressive agent, an anti-apoptosis agent, a biological tissue,

a tissue graft, a portion of unprocessed adipose tissue, a collagen, a population of adipose-derived

stem cells, a population of adipose-derived endothelial cells, or a population of adipose derived

progenitor cells.

[0054] Other embodiments relate to the use of the isolated population of adipose-derived

cells described herein to prepare a medicament for transplantation, such as a breast augmentation



procedure. In some embodiments, the medicament can also include a biological material, an

additive, a medical device, a prosthetic, a cell differentiation factor, a growth promoter, an

immunosuppressive agent, an anti-apoptosis agent, a biological tissue, a tissue graft, a portion of

unprocessed adipose tissue, a collagen, a population of adipose-derived stem cells, a population of

adipose-derived endothelial cells, or a population of adipose-derived progenitor cells. In some

embodiments

[0055] Some embodiments relate to the use of the isolated population of adipose-derived

cells described herein to prepare a medicament for inducing expansion of lymph vessels in a

mammal. In some embodiments, the medicament can also include a biological material, an additive,

a medical device, a prosthetic, a cell differentiation factor, a growth promoter, an

immunosuppressive agent, an anti-apoptosis agent, a biological tissue, a tissue graft, a portion of

unprocessed adipose tissue, a collagen, a population of adipose-derived stem cells, a population of

adipose-derived endothelial cells, or a population of adipose-derived progenitor cells.

[0056] Some embodiments relate to the use of the isolated population of adipose-derived

cells described herein to prepare a medicament for the treatment of a disease or disorder selected

from the group consisting of: obesity, lymphatic vessel aplasia, edema, lymphatic vessel loss or

damage due to surgical intervention, lymphatic vessel loss, damage or deficiency due to organ or

tissue transplant, reduced lymphatic vessel function due to lymphatic vessel blockage, lymphatic

vessel occlusion, elephantiasis, cardiovascular disease, heart disease, chronic granulomatous disease

(CGD), a lymphatic malignancy, Hodgkin's Disease, a non-Hodgkin's lymphoma, Castleman

Disease; a non-lymphatic malignancy, a breast cancer, an ovarian cancer, a colorectal cancer, a lung

cancer, a liver cancer, a stomach cancer, a pancreatic cancer, and a cancer of the central nervous

system. In some embodiments, the medicament can also include a biological material, an additive, a

medical device, a prosthetic, a cell differentiation factor, a growth promoter, an immunosuppressive

agent, an anti-apoptosis agent, a biological tissue, a tissue graft, a portion of unprocessed adipose

tissue, a collagen, a population of adipose-derived stem cells, a population of adipose-derived

endothelial cells, or a population of adipose-derived progenitor cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] Figure 1 is an illustration of a system for separating and concentrating

regenerative cells from tissue which includes one filter assembly.



[0058] Figure 2 is an illustration of a system similar to FIG. 1 having a plurality of filter

assemblies in a serial configuration.

[0059] Figure 3 is an illustration of a system similar to FIG. 1 having a plurality of filter

assemblies in a parallel configuration.

[0060] Figure 4 is an illustration of a system for separating and concentrating

regenerative cells from tissue which includes a centrifuge chamber.

[0061] Figure 5 is a sectional view of a collection chamber including a prefixed filter

utilized in a system for separating and concentrating regenerative cells from tissue.

[0062] Figure 6 is a sectional view of a processing chamber of a system for separating

and concentrating regenerative cells from tissue utilizing a percolative filtration system.

[0063] Figure 7 is a sectional view of a processing chamber of a system for separating

and concentrating regenerative cells utilizing a centrifuge device for concentrating the regenerative

cells

[0064] Figure 8 is another sectional view of the processing chamber of FIG. 7.

[0065] Figures 9A, 9B and 9C illustrate an elutriation component in use with the system

of the invention.

[0066] Figure 10 is an illustration of a system for separating and concentrating

regenerative cells from tissue utilizing vacuum pressure to move fluids through the system. A

vacuum system can be constructed by applying a vacuum pump or vacuum source to the outlet of the

system, controlled at a predetermined rate to pull tissue and fluid through, using a system of

stopcocks, vents, and clamps to control the direction and timing of the flow.

[0067] Figure 11 is an illustration of a system for separating and concentrating

regenerative cells from tissue utilizing positive pressure to move fluids through the system. A

positive pressure system uses a mechanical means such as a peristaltic pump to push or propel the

fluid and tissue through the system at a determined rate, using valves, stopcocks, vents, and clamps

to control the direction and timing of the flow.

[0068] Figure 12A illustrates a filtration process in which the feed stream of fluid flows

tangentially to the pores of the filter.

[0069] Figure 12B illustrates a filtration process in which the feed stream of fluid flows

perpendicular to the pores of the filter.

[0070] Figure 13 is an illustration of an exemplary disposable set for a system of the

invention.



[0071] Figure 14-1 and 14-2 are an illustration of an exemplary re-usable component for

a system of the invention.

[0072] Figure 15A-1 and 15A-2 are an illustration of an exemplary device of the

invention assembled using the disposable set of FIG. 13 and a re-usable component of FIG. 14.

[0073] Figure 15B is a flowchart depicting exemplary pre-programmed steps,

implemented through a software program, that control automated embodiments of a system of the

present invention. Two alternative processing parameters are shown indicating the versatility of the

system.

[0074] Figure 16 Expression of CD45 by FLT-4+ Subpopulations of Sample 503.

[0075] A. Flow graph showing FLT-4+ cells in Sample 503 plotted according to their

expression of CD34 and CD3 1. Three subpopulations were identified based on their expression of

CD34 and CD31 and designated Q1-Q3. The gates were drawn based in part on analysis of a

negative control.

[0076] B. Graph showing cells in Q l of Figure 16A, additionally indicating expression

of CD45 (P6).

[0077] C. Graph showing cells in Q2 of Figure 16A, additionally indicating expression

ofCD45 (P5).

[0078] D. Graph showing cells in Q3 of Figure 16A, additionally indicating expression

ofCD45 (P7).

[0079] The CD45 gates P5, P6 and P7 were drawn based on a CD45 gate drawn based in

part on analysis of a negative control.

[0080] Figure 17 Expression of Prox-1 and Lyve 1 by Fresh Adipose Tissue Digestates.

[0081] Arrows indicate examples of cells that stain with marker-specific antibody; in the

original color images these cells appear as reddish brown. All samples were costained with

hematoxylin.

[0082] A. Lyve-1 immunohistochemical staining. The stained cell indicated by the

arrow point appears rounded in the original color image.

[0083] B. CD45 immunohistochemical staining. The positive cells stained with deep

intensity, making them visible in the grayscale image.

[0084] C. Prox-1 immunohistochemical staining. The stained cell indicated by the arrow

is elongated and extends from the arrow point downward and slightly toward the right side of the

image.



[0085] D. Negative staining (hematoxylin only).

[0086] Figure 18 Morphological Analysis of CFU-Endo Colonies.

[0087] The colonies presented cobblestone morphology typical of endothelial cells.

Magnification was 4OX for all four images.

[0088] A. A CFU-Endo colony first detected at 14 days of culture.

[0089] B. A CFU-Endo colony first detected at 28 days of culture.

[0090] C. A CFU-Endo colony first detected at 7 days of culture.

[0091] D. The colony of Figure 18C at passage three.

[0092] Figures 19-1 and 19-2. Cytofluorometric Analysis of Cells Expanded from

CFU-Endo Colonies Detected at 7 and 28 Days of Culture. Cytofluorometric assays were perfomed

on a FACSAria™ (Becton Dickinson) and analyses were performed using FACSDIVA™ software

(Becton Dickinson). The presence or absence of each antigen was determined by comparison to the

appropriate isotype or FMO (fluorescence minus one) control. Gate P4 was drawn based on the

respective control and included no more that the 0.5% of the control population.

[0093] A. CD3 1 expression in cells from colony detected at 7 days of culture.

[0094] B. CD31 expression in cells from colony detected at 28 days of culture.

[0095] C. CDl Ib expression in cells from colony detected at 7 days of culture.

[0096] D. CDl Ib expression in cells from colony detected at 28 days of culture.

[0097] E. FLT-4 expression in cells from colony detected at 7 days of culture.

[0098] F. FLT-4 expression in cells from colony detected at 28 days of culture.

[0099] G. CD 146 expression in cells from colony detected at 7 days of culture.

[0100] H. CD146 expression in cells from colony detected at 28 days of culture.

[0101] I. CD105 expression in cells from colony detected at 7 days of culture.

[0102] J. CD 105 expression in cells from colony detected at 28 days of culture.

[0103] Figure 20. Tube Formation by Cells CFU-Endo Colonies Detected at 7 and 28

Days of Culture.

[0104] A. Tube formation by cells from colony detected at 7 days of culture.

[0105] B. Tube formation by cells from colony detected at 28 days of culture.

DETAILED DESCRIPTION OF THE INVENTION

[0106] Aspects of the present invention stem from the discovery that adipose tissue is a

rich source of lymphatic endothelial cells (LECs) and cells capable of differentiating into lymphatic



endothelial cells (pre-LECs). Compositions and methods of obtaining, refining, concentrating,

isolating, and purifying said LECs and/or pre-LECs, especially adipose derived cell populations that

express an amount of, e.g., FLT-4, and/or CD45, and/or CD31, and/or CD34, and/or podoplanin,

and/or LYVE-I, and/or Prox-l.are disclosed. In some embodiments, the cells are stored and/or

cryopreserved and stored and, in other embodiments, the cells are immediately introduced into a

subject in need thereof. Particularly preferred are methods of re-introducing LECs and/or pre-LECs

obtained as described herein into the same subject from which the cells were obtained (e.g.,

autologous transfer) and some of these methods can be practiced using a cell processing unit that

maintains a closed pathway. The LECs and/or pre-LECs made in accordance with the teachings

herein can be used in methods of tissue transplantation, methods of inducing expansion of lymph

vessels, and methods of treating diseases and disorders of the lymphatic system, with or without the

presence of another biological material, cell population, support, prosthetic, or medical device. The

LECs and/or pre-LECs made in accordance with the teachings herein can also be used to deliver

therapeutic agents to the lymphatic system, or to identify compounds that modulate expansion,

repair, or regeneration of the lymphatic system.

[0107] In some contexts, the term "adipose tissue" refers to a tissue containing multiple

cell types including adipocytes and vascular cells. Adipose tissue includes lymphatic cells,

including LECs, and pre-LECs, including LEC progenitor cells. Accordingly, adipose tissue refers

to fat, including the connective tissue that stores the fat.

[0108] In some contexts, the term "unit of adipose tissue" refers to a discrete or

measurable amount of adipose tissue. A unit of adipose tissue may be measured by determining the

weight and/or volume of the unit. In reference to the disclosure herein, a unit of adipose tissue may

refer to the entire amount of adipose tissue removed from a subject, or an amount that is less than the

entire amount of adipose tissue removed from a subject. Thus, a unit of adipose tissue may be

combined with another unit of adipose tissue to form a unit of adipose tissue that has a weight or

volume that is the sum of the individual units.

[0109] In some contexts, the term "portion" refers to an amount of a material that is less

than a whole. A minor portion refers to an amount that is less than 50%, and a major portion refers

to an amount greater than 50%. Thus, a unit of adipose tissue that is less than the entire amount of

adipose tissue removed from a subject is a portion of the removed adipose tissue.



[0110] In some contexts, the term "lymphatic endothelial cell" (also referred to as a LEC)

refers to endothelial cells that line lymph vessels and that are related to, but distinct from, those

endothelial cells that line blood vessels which are referred to as "blood endothelial cells" or "BECs."

[0111] In some contexts, the term "progenitor cell" refers to a cell that is unipotent,

bipotent, or multipotent with the ability to differentiate into one or more cell types, which perform

one or more specific functions and which have limited or no ability to self-renew. A "pre-LEC" is

any cell on the pathway to differentiating into a LEC. A LEC progenitor cell is therefore one kind of

pre-LEC. Some of the progenitor cells disclosed herein may be pluripotent. A specific form of

progenitor cell referred to herein is the "lymphatic endothelial progenitor cell" or "LEC progenitor

cell" or, more simply, "LEC progenitor." These terms are used to define a progenitor cell that has

the ability to differentiate into a lymphatic endothelial cell. Some LEC progenitors may be bipotent

or multipotent.

[0112] In some contexts, the term "cells capable of differentiating into lymphatic

endothelial cells" refers to all cells that are not fully differentiated or mature lymphatic endothelial

cells but that have the potential to differentiate or mature into such cells. Thus, the terms "pre-LEC"

and "cells capable of differentiating into lymphatic endothelial cells" can be synonymous as used

herein.

[0113] In some contexts, the term "adipose tissue-derived cells" refers to cells extracted

from adipose tissue that has been processed to separate the active cellular component (e.g., the

component containing LECs and pre-LECs) from the mature adipocytes and connective tissue.

Separation may be partial or full. That is, the "adipose tissue-derived cells" may or may not contain

some adipocytes and connective tissue. This fraction is referred to herein as "adipose tissue-derived

cells," "adipose derived cells," or "ADC." Typically, ADC refers to the pellet of cells obtained by

washing and separating the cells from the adipose tissue. The pellet is typically obtained by

centrifuging a suspension of cells so that the cells aggregate at the bottom of a centrifuge container.

[0114] In some contexts, "lymphatic condition, disease or disorder" is intended to

include all disorders characterized by insufficient or abnormal lymphatic function, including but not

limited to, wounding, lymphangitis, obesity, primary or secondary lymphedema, congenital

lymphatic insufficiency, lymphatic vessel aplasia, cardiovascular disease, heart disease, chronic

granulomatous disease (CGD), lymphatic malignancies (including but not limited to Hodgkin's

Disease, non-Hodgkin's lymphoma, and Castleman Disease), Milroy's disease, Meige's disease,

elephantiasis, disorders of the lymphatic system arising secondarily to tissue damage, e.g., an



infarction, injury from surgery, organ or tissue transplant, radiation therapy, chemotherapy, and

occlusion or blockage (full or partial) of lymph vessels. Also included are non-lymphatic

malignancies that nonetheless affect the lymphatic system, including, but not limited to, breast

cancer, ovarian cancer, colorectal cancer, lung cancer, liver cancer, stomach cancers, pancreatic

cancer, and CNS cancer. Insufficient or abnormal lymphatic function can result, e.g., from a defect

in or deficiency of any component of the lymphatic system, including valves, capillaries, ducts, etc.

Repairing or modulating expansion of any of these and any other lymphatic system components are

contemplated using the methods described herein.

[0115] In some contexts, the term "lymphangiogenesis" refers to the process by which

lymphatic vessels are expanded, generated, regenerated, or repaired.

[0116] In some contexts, the term "expansion," is used to encompass repair,

regeneration, proliferation, differentiation, migration, survival, or any growth parameter of any

lymphatic structure, including lymphatic endothelial cells and any structures composed in whole or

in part of lymphatic endothelial cells. Cells that enhance expansion of the lymphatic system are cells

that enhance expansion of the lymphatic system by any mechanism, either direct or indirect.

"Modulation of expansion" is meant to encompass an influencing expansion in either a stimulatory

or inhibitory manner, as is necessary for treating a disorder characterized by anomalous, abnormal,

undesirable, or insufficient lymphatic function. It is understood that the various functions or

components of the lymphatic system can become more or less active, and therefore can require

different levels of modulation, at different times, even within the same patient. These requirements

are affected, e.g., by disease type, disease stage, patient variation due to age, gender, health status,

genetic factors, environmental factors, drugs and combinations of drugs administered currently or

formerly to the patient, etc.

[0117] In some contexts, the term "treating" includes reducing or alleviating at least one

adverse effect or symptom of a lymphatic system condition, disease or disorder, i.e., any disorder

characterized by abnormal, anomalous or insufficient lymphatic function. Adverse effects or

symptoms of lymphatic disorders are well-known in the art and include, but are not limited to, tissue

edema, which can be disfiguring, disabling, and, on occasion, life threatening.

[0118] In some contexts, the terms "administering," "introducing" and "transplanting"

are used interchangeably and refer to the placement of a cell population as described herein into a

subject by a method or route, which results in localization of a cell population, as described herein at

a desired site. The cell population, as described herein, can be administered by any appropriate route



which results in delivery to a desired location in the subject where at least a portion of the cells

remain viable. The period of viability of the cells after administration to a subject can be as short as

a few hours, e.g., twenty-four hours, to a few days, to as long as several years.

[0119] In some contexts, the term "subject" includes warm-blooded animals, preferably

mammals, including humans. In a preferred embodiment, the subject is a primate. In a more

preferred embodiment, the subject is a human.

[0120] In some contexts, the term "immunosuppressive drug or agent" is intended to

include pharmaceutical agents, which inhibit or interfere with normal immune function. Examples

of immunosuppressive agents suitable with the methods disclosed herein include agents that inhibit

T-cell/B-cell co-stimulation pathways, such as agents that interfere with the coupling of T-cells and

B-cells via the CTLA4 and B7 pathways, as disclosed in U.S. Pub. No. 2002/018221 1. A preferred

immunosuppressive agent is cyclosporin A. Other examples include myophenylate mofetil,

rapamicin, and anti-thymocyte globulin. In one embodiment, the immunosuppressive drug is

administered with at least one other therapeutic agent. The immunosuppressive drug can be

administered in a formulation, which is compatible with the route of administration and is

administered to a subject at a dosage sufficient to achieve the desired therapeutic effect. In another

embodiment, the immunosuppressive drug is administered transiently for a sufficient time to induce

tolerance to a cell population described herein.

[0121] In some contexts, the phrase "pharmaceutically or pharmacologically acceptable"

refers to molecular entities and compositions that do not produce adverse, allergic, or other untoward

reactions when administered to an animal or a human. As used herein, "pharmaceutically acceptable

carrier" includes any and all solvents, dispersion media, coatings, antibacterial and antifungal agents,

isotonic and absorption delaying agents and the like. The use of such media and agents for

pharmaceutically active substances is well known in the art. Except insofar as any conventional

media or agent is incompatible with the vectors or cells of the present invention, its use in

therapeutic compositions is contemplated. Supplementary active ingredients also can be

incorporated into the compositions.

[0122] In some contexts, the term "unit dose" is used to refer to a discrete amount of a

therapeutic composition dispersed in a suitable carrier. Those of ordinary skill in the art will readily

optimize effective dosages and administration regimens as determined, e.g., by good medical

practice and the characteristics of the individual patient. Further refinement of dosages can be made

by those of ordinary skill in the art based, e.g., on data observed in animals or human clinical trials.



The section below describes several approaches to obtain, refine, enrich, concentrate, isolate, or

purify LECs and/or pre-LECs.

Methods of making an adipose-derived cellpopulation comprising LECs and/orpre-LECs

[0123] In some embodiments, adipose-derived cells (ADCs) are processed to obtain a

refined, enriched, concentrated, isolated, or purified population of LECs and/or pre-LECs using a

cell processing unit, gradient sedimentation, filtration, or a combination of any one or more of these

approaches. In general, adipose tissue is first removed from a subject (e.g., a mammal, a domestic

animal, a rodent, a horse, a dog, cat, or human) then it is processed to obtain a cell population

comprising LECs and/or pre-LECs. For allogeneic transplantation, an appropriate donor can be

selected using methods known in the art, for example, methods used for selection of bone marrow

donors. The volume of adipose tissue collected from the patient can vary from about 1 cc to about

2000 cc and in some embodiments up to about 3000 cc. The volume of tissue removed will vary

from patient to patient and will depend on a number of factors including but not limited to: age,

body habitus, coagulation profile, hemodynamic stability, severity of insufficiency or injury, co

morbidities, and physician preference.

[0124] The adipose tissue can be obtained by any method known to a person of ordinary

skill in the art. For example, the adipose tissue may be removed from a subject by suction-assisted

lipoplasty, ultrasound-assisted lipoplasty, or excisional lipectomy. In addition, the procedures may

include a combination of such procedures, such as a combination of excisional lipectomy and

suction-assisted lipoplasty. If the tissue or some fraction thereof is intended for re-implantation into

a subject, the adipose tissue should be collected in a manner that preserves the viability of the

cellular component and that minimizes the likelihood of contamination of the tissue with potentially

infectious organisms, such as bacteria and/or viruses. Thus, the tissue extraction should be

performed in a sterile or aseptic manner to minimize contamination. Suction-assisted lipoplasty may

be desired to remove the adipose tissue from a patient as it provides a minimally invasive method of

collecting tissue with minimal potential for stem cell damage that may be associated with other

techniques, such as ultrasound-assisted lipoplasty.

[0125] The extraction of LECs from skin or tonsillar tissue yields a cell population that

contains many different contaminating cell types. Separation of LECs from tonsil material has been

reported to require cell culturing to remove non-adherent cells, followed by immunoselection and

then cell culturing in selective medium to expand the number of LECs to significant numbers



(Garrafa, et al., 2006). Similarly, extraction from dermal tissue is associated with contamination by

nucleated blood cells and by numerous non-endothelial cell types (keratinocytes, fibroblasts, etc.)

(Kriehuber, et al., 2001, incorporated herein by reference in its entirety).

[0126] Accordingly, adipose tissue provides a rich source of a population of cells that is

easily enriched for LECs and pre-LECs as compared to tonsils or dermal tissue. Collection of

adipose tissue is also more patient-friendly and is associated with lower morbidity than collection of

a similar volume of skin or a much larger volume of tonsil. Adipose tissue also contains pre-LECs,

which have been described as having the ability to integrate into lymphatic vessels (Kerjaschki, et

al., 2006).

[0127] For suction-assisted lipoplastic procedures, adipose tissue is collected by insertion

of a cannula into or near an adipose tissue depot present in the patient followed by aspiration of the

adipose into a suction device. In some embodiments, a small cannula may be coupled to a syringe,

and the adipose tissue may be aspirated using manual force. Using a syringe or other similar device

may be desirable to harvest relatively moderate amounts of adipose tissue (e.g., from 0.1 ml to

several hundred milliliters of adipose tissue). Procedures employing these relatively small devices

require only local anesthesia. Larger volumes of adipose tissue (e.g., greater than several hundred

milliliters) may require general anesthesia at the discretion of the donor and the person performing

the collection procedure. When larger volumes of adipose tissue are to be removed, relatively larger

cannulas and automated suction devices may be employed.

[0128] Excisional lipectomy procedures include, and are not limited to, procedures in

which adipose tissue-containing tissues (e.g., skin) is removed as an incidental part of the procedure;

that is, where the primary purpose of the surgery is the removal of tissue (e.g., skin in bariatric or

cosmetic surgery) and in which adipose tissue is removed along with the tissue of primary interest.

Subcutaneous adipose tissue may also be extracted by excisional lipectomy in which the adipose

tissue is excised from the subcutaneous space without concomitant removal of skin.

[0129] The amount of tissue collected can depend on a number of variables including,

but not limited to, the body mass index of the donor, the availability of accessible adipose tissue

harvest sites, concomitant and pre-existing medications and conditions (such as anticoagulant

therapy), and the clinical purpose for which the tissue is being collected. Experience with transplant

of hematopoietic stem cells (bone marrow or umbilical cord blood-derived stem cells used to

regenerate the recipient's blood cell-forming capacity) shows that engraftment is cell dose-

dependent with threshold effects (Smith, et al., 1995; Barker, et al., 2001, both incorporated herein



by reference in their entirety). Thus, it is possible that the general principle that "more is better" will

be applied within the limits set by other variables and that where feasible the harvest will collect as

much tissue as possible.

[0130] The adipose tissue that is removed from a patient is then collected into a device

(e.g., cell processing unit, centrifuge, or filtration unit) for further processing so as to remove

collagen, adipocytes, blood, and saline, thereby obtaining an adipose-derived cell population

comprising LECs and/or pre-LECs. Preferably the population of adipose derived cells containing

LECs and/or pre-LECs is free from contaminating collagen, adipocytes, blood, and saline. The major

contaminating cells in adipose tissue (adipocytes) have low density and are easily removed by

flotation.

[0131] Adipose tissue processing to obtain a refined, concentrated, and isolated

population of adipose-derived LECs and/or pre-LECs and modifications thereto are preferably

performed using methods described, for example, in U.S. App. Ser. No. 10/316,127 (U.S. Pat. App.

Pub. No. 2003/0161816), entitled SYSTEMS AND METHODS FOR TREATING PATIENTS

WITH PROCESSED LIPOASPIRATE CELLS, filed December 9, 2002, and U.S. App. Ser. No.

10/877,822 (U.S. Pat. App. Pub. No. 2005/0084961), entitled SYSTEMS AND METHODS FOR

SEPARATING AND CONCENTRATING REGENERATIVE CELLS FROM TISSUE, filed June

25, 2004; U.S. App. Ser. No.. 10/242,094, entitled PRESERVATION OF NON EMBRYONIC

CELLS FROM NON HEMATOPOIETIC TISSUES, filed September 12, 2002, which claims the

benefit of U.S. App. Ser. No. 60/322,070 filed September 14, 2001; U.S. Application Ser. No.

10/884,638, entitled SYSTEMS AND METHODS FOR ISOLATING AND USING CLINICALLY

SAFE ADIPOSE DERIVED REGENERATIVE CELLS, filed on July 2, 2004; U.S. Pat. App. Pub.

No. 2006/0025338, entitled "Compositions and Methods for Treatment of Lymphatic and Venous

Vessel Arterialization;" U.S. Pat. No. 6,316,247; and U.S. Pat. No. 5,372,945, all of which are

hereby expressly incorporated by reference in their entireties. The applications above disclose the

processing of adipose-derived cells in a system that is configured to maintain a closed, sterile

fluid/tissue pathway. This can be achieved by use of a pre-assembled, linked set of closed, sterile

containers and tubing allowing for transfer of tissue and fluid elements within a closed pathway.

This processing set can be linked to a series of processing reagents (e.g., saline, enzymes, etc.)

inserted into a device, which can control the addition of reagents, temperature, and timing of

processing thus relieving operators of the need to manually manage the process. In a preferred

embodiment, the entire procedure from tissue extraction through processing and placement into the



recipient is performed in the same facility, indeed, even within the same room, of the patient

undergoing the procedure.

[0132] For many applications, preparation of the active cell population requires depletion

of the mature fat-laden adipocyte component of adipose tissue. This can be achieved by a series of

washing and disaggregation steps in which the tissue is first rinsed to reduce the presence of free

lipids (released from ruptured adipocytes) and peripheral blood elements (released from blood

vessels severed during tissue harvest), and then disaggregated to free intact adipocytes and other cell

populations from the connective tissue matrix. In certain embodiments, the entire adipocyte

component, or non-LEC/pre-LEC component, is separated from the LEC/pre-LEC component of the

adipose tissue. In other embodiments, only a portion or portions of the non-LEC/pre-LEC

component is separated from the LEC/pre-LECs. Thus, in some embodiments, LEC/pre-LECs are

provided with BECs, BEC progenitors (EPCs), and adipose tissue-derived stem cells, adipose tissue-

derived stromal cells, and other cellular elements.

[0133] Rinsing is an optional but preferred step, wherein the tissue is mixed with a

solution to wash away free lipid and single cell components, such as those components in blood,

leaving behind intact adipose tissue fragments. In one embodiment, the adipose tissue that is

removed from the patient is mixed with isotonic saline or other physiologic solution(s), e.g.,

Plasmalyte® of Baxter Inc. or Normosol ® of Abbott Labs. Intact adipose tissue fragments can be

separated from the free lipid and cells by any means known to persons of ordinary skill in the art

including, but not limited to, filtration, decantation, sedimentation, or centrifugation. In some

embodiments, the adipose tissue is separated from non-adipose tissue by employing a filter disposed

within a tissue collection container, as discussed herein. In other embodiments, the adipose tissue is

separated from non-adipose tissue using a tissue collection container that utilizes decantation,

sedimentation, and/or centrifugation techniques to separate the materials.

[0134] The intact tissue fragments are then disaggregated using any conventional

techniques or methods, including mechanical force (mincing or shear forces), ultrasonic or other

physical energy, lasers, microwaves, enzymatic digestion with single or combinatorial proteolytic

enzymes, such as collagenase, trypsin, lipase, liberase Hl, nucleases, or members of the Blendzyme

family as disclosed in U.S. Pat. No. 5,952,215, "Enzyme composition for tissue dissociation,"

expressly incorporated herein by reference in its entirety, and pepsin, or a combination of

mechanical and enzymatic methods. For example, the cellular component of the intact tissue

fragments may be disaggregated by methods using collagenase-mediated dissociation of adipose



tissue, similar to the methods for collecting microvascular endothelial cells in adipose tissue, as

disclosed in U. S. Pat. No. 5,372,945, expressly incorporated herein by reference in its entirety.

Additional methods using collagenase that may be used are disclosed in, e.g., U.S. Patent Nos.

5,830,741, "Composition for tissue dissociation containing collagenase 1 and II from Clostridium

histolyticum and a neutral protease" and by Williams, et al., 1995, "Collagenase lot selection and

purification for adipose tissue digestion," Cell Transplant 4(3):281-9, both expressly incorporated

herein by reference in their entirety. Similarly, a neutral protease may be used instead of

collagenase, as disclosed in Twentyman, et al. (Twentyman, et al., 1980, "Use of bacterial neutral

protease for disaggregation of mouse tumours and multicellular tumor spheroids," Cancer Lett.

9(3):225-8, expressly incorporated herein by reference in its entirety). Furthermore, the methods

described herein may employ a combination of enzymes, such as a combination of collagenase and

trypsin or a combination of an enzyme, such as trypsin, and mechanical dissociation.

[0135] Adipose tissue-derived cells may then be obtained from the disaggregated tissue

fragments by reducing the number of mature adipocytes. A suspension of the disaggregated adipose

tissue and the liquid in which the adipose tissue was disaggregated is then passed to another

container, such as a cell collection container. The suspension may flow through one or more

conduits to the cell collection container by using a pump, such as a peristaltic pump, that withdraws

the suspension from the tissue collection container and urges it to the cell collection container.

Other embodiments may employ the use of gravity or a vacuum while maintaining a closed system.

Separation of the cells in the suspension may be achieved by buoyant density sedimentation,

centrifugation, elutriation, filtration, differential adherence to and elution from solid phase moieties,

antibody-mediated selection, differences in electrical charge, immunomagnetic beads, fluorescence

activated cell sorting (FACS), or other means. Examples of these various techniques and devices for

performing the techniques may be found in U. S. Pat. Nos. 6,277,060; 6,221,315; 6,043,066;

6,451,207; 5,641,622; and 6,251,295, all incorporated herein by reference in their entirety. Many of

these devices can be incorporated within the cell processing unit, while maintaining a closed system.

[0136] In some embodiments, the cells in the suspension are separated from the acellular

component of the suspension using a spinning membrane filter. In other embodiments, the cells in

the suspension are separated from the acellular component using a centrifuge. In one such

exemplary embodiment, the cell collection container may be a flexible bag that is structured to be

placed in a centrifuge (e.g., manually or by robotics). In other embodiments, a flexible bag is not

used. After centrifugation, the cellular component containing LECs and/or pre-LECs forms a pellet,



which may then be resuspended with a buffered solution so that the cells can be passed through one

or more conduits to a mixing container, as discussed herein. The resuspension fluids may be

provided by any suitable means. For example, a buffer may be injected into a port on the cell

collection container, or the cell collection container may include a reserve of buffer that can be

mixed with the pellet of cells by rupturing the reserve. When a spinning membrane filter is used,

resuspension is optional since the cells remain in a volume of liquid after the separation procedure.

[0137] Although some embodiments described herein are directed to methods of fully

disaggregating the adipose tissue to separate the active cells from the mature adipocytes and

connective tissue, additional embodiments are directed to methods in which the adipose tissue is

only partially disaggregated. For example, partial disaggregation may be performed with one or

more enzymes, which are removed from at least a part of the adipose tissue early relative to an

amount of time that the enzyme would otherwise be left thereon to fully disaggregate the tissue.

Such a process may require less processing time and would generate fragments of lymphatic vessels

within which multiple LECs remain in partial or full contact.

[0138] In some embodiments, the tissue is washed with sterile buffered isotonic saline

and incubated with collagenase at a collagenase concentration, a temperature, and for a period of

time sufficient to provide adequate disaggregation. In a preferred embodiment, the collagenase

enzyme used will be approved for human use by the relevant authority (e.g., the U. S. Food and

Drug Administration). Suitable collagenase preparations include recombinant and non-recombinant

collagenase. Non-recombinant collagenase may be obtained from F. Hoffmann-La Roche Ltd.,

Indianapolis, IN and/or Advance Biofactures Corp., Lynbrook, NY. Recombinant collagenase may

also be obtained as disclosed in U.S. Pat. No. 6,475,764.

[0139] In one embodiment, solutions contain collagenase at concentrations of about 10

µg/ml to about 50 µg/ml (e.g., l Oµg/ml, 20µg/ml, 30µg/ml, 40µg/ml, or 50µg/ml) and are incubated

at from about 300C to about 38°C for from about 20 minutes to about 60 minutes. These parameters

will vary according to the source of the collagenase enzyme, optimized by empirical studies, in order

to confirm that the system is effective at extracting the desired cell populations in an appropriate

time frame. A particular preferred concentration, time and temperature is 20 µg/ml collagenase

(mixed with the neutral protease dispase; Blendzyme 1, Roche) and incubated for 45 minutes at

about 37° C. An alternative preferred embodiment applies 0.5 units/mL collagenase (mixed with the

neutral protease thermolysin; Blendzyme 3). In a particularly preferred embodiment the collagenase

enzyme used is material approved for human use by the relevant authority (e.g., the U.S. Food and



Drug Administration). The collagenase used should be free of micro-organisms and contaminants,

such as endotoxin.

[0140] Following disaggregation the active cell population can be washed/rinsed to

remove additives and/or by-products of the disaggregation process (e.g., collagenase and newly-

released free lipid). The active cell population can then be concentrated by centrifugation or other

methods known to persons of ordinary skill in the art, as discussed above. These post-processing

wash/concentration steps may be applied separately or simultaneously. In one embodiment, the cells

are concentrated and the collagenase removed by passing the cell population through a continuous

flow spinning membrane system or the like, such as, for example, the system disclosed in U.S. Pat.

Nos. 5,034,135 and 5,234,608, all incorporated herein by reference in their entirety.

[0141] In addition to the foregoing, there are many known post-wash methods that may

be applied for further purifying the adipose-derived cell population that comprises LECs and/or pre-

LECs. These include both positive selection (selecting the target cells), negative selection (selective

removal of unwanted cells), or combinations thereof. In addition to separation by flow cytometry as

described herein and in the literature, cells can be separated based on a number of different

parameters, including, but not limited to, charge or size (e.g., by dielectrophoresis or various

centrifugation methods, etc.).

[0142] Many other conformations of the staged mechanisms used for cell processing will

be apparent to one skilled in the art. For example, mixing of tissue and saline during washing and

disaggregation can occur by agitation or by fluid recirculation. Cell washing may be mediated by a

continuous flow mechanism such as the spinning membrane approach, differential adherence,

differential centrifugation (including, but not limited to differential sedimentation, velocity, or

gradient separation), or by a combination of means. Similarly, additional components allow further

manipulation of cells, including addition of growth factors or other biological response modifiers,

and mixing of cells with natural or synthetic components intended for implant with the cells into the

recipient.

[0143] Post-processing manipulation may also include cell culture or further cell

purification (Kriehuber, et al., 2001 ; Garrafa, et al., 2006). In some embodiments, once the adipose-

derived cell population that comprises LECs and/or pre-LECs is obtained, it is further refined,

concentrated, enriched, isolated, or purified using a cell sorting device and/or gradient

sedimentation. Mechanisms for performing these functions may be integrated within the described

devices or may be incorporated in separate devices.



[0144] In a preferred embodiment of the invention, the tissue removal system and

processing set would be present in the vicinity of the patient receiving the treatment, such as the

operating room or out-patient procedure room (effectively at the patient's bedside). This allows

rapid, efficient tissue harvest and processing, and decreases the opportunity for specimen

handling/labeling error, thereby allowing for performance of the entire process in the course of a

single surgical procedure.

[0145] As described in U.S. Application No. 10/884,638, entitled SYSTEMS AND

METHODS FOR ISOLATING AND USING CLINICALLY SAFE ADIPOSE DERIVED

REGENERATIVE CELLS, filed on July 2, 2004, one or more additives may be added to the cells

during and/or after processing. Some examples of additives include agents that optimize washing

and disaggregation, additives that enhance the viability of the active cell population during

processing, anti-microbial agents (e.g., antibiotics), additives that lyse adipocytes and/or red blood

cells, or additives that enrich for cell populations of interest (by differential adherence to solid phase

moieties or to otherwise promote the substantial reduction or enrichment of cell populations). Other

examples of additives that potentially enhance development of the lymphatic vasculature are

discussed in U.S. Pat. App. Pub. No. 2006/0025338, "Compositions and Methods for Treatment of

Lymphatic and Venous Vessel Arterial ization," hereby expressly incorporated by reference in its

entirety.

[0146] The LECs and pre-LECs obtained as described herein can be cultured according

to approaches known in the art, and the cultured cells can be used in several of the embodied

methods. For example, LECs can be cultured on collagen-coated dishes or 3D collagen gel cultures

in endothelial cell basal medium in the presence of low or high fetal bovine serum or similar

product, as described in Ng, et al., Nov 2004, "Interstitial flow differentially stimulates blood and

lymphatic endothelial cell morphogenesis in vitro," Microvasc Res. 68(3):258-64, incorporated

herein by reference. Alternatively, LECs can be cultured on other extracellular matrix protein-

coated dishes. Examples of extracellular matrix proteins that may be used include, but are not

limited to, fibronectin, laminin, vitronectin, and collagen IV. Gelatin or any other compound or

support, which similarly promotes adhesion of endothelial cells into culture vessels may be used to

culture LECs, as well.

[0147] Examples of basal culture medium that can be used to culture LECs and pre-LECs

in vitro include, but are not limited to, EGM, RPMI, M 199, MCDB 131, DMEM, EMEM, McCoy's

5A, Iscove's medium, modified Iscove's medium or any other medium known in the art to support



the growth of blood endothelial cells. Examples of supplemental factors or compounds that can be

added to the basal culture medium that could be used to culture LECs and pre-LECs include, but are

not limited to, ascorbic acid, heparin, endothelial cell growth factor, endothelial growth supplement,

glutamine, HEPES, Nu serum, fetal bovine serum, human serum, equine serum, plasma-derived

horse serum, iron-supplemented calf serum, penicillin, streptomycin, amphotericin B, basic and

acidic fibroblast growth factors, insulin-growth factor, astrocyte conditioned medium, fibroblast or

fibroblast-like cell conditioned medium, sodium hydrogencarbonate, epidermal growth factor,

bovine pituitary extract, magnesium sulphate, isobutylmethylxanthine, hydrocortisone,

dexamethasone, dibutyril cyclic AMP, insulin, transferrin, sodium selenite, oestradiol, progesterone,

growth hormone, angiogenin, angiopoietin-1, DeI-I, follistatin, granulocyte colony-stimulating

factor (G-CSF), erythropoietin, hepatocyte growth factor (HGF) /scatter factor (SF), leptin, midkine

, placental growth factor, platelet-derived endothelial cell growth factor (PD-ECGF), platelet-derived

growth factor-BB (PDGF-BB), pleiotrophin (PTN), progranulin, proliferin, transforming growth

factor-alpha (TGF-alpha), transforming growth factor-beta (TGF-beta), tumor necrosis factor-alpha

(TNF-alpha), vascular endothelial growth factor (VEGF)/vascular permeability factor (VPF),

interleukin-3 (IL-3), interleukin 7 (IL-7), interleukin-8 (IL-8), ephrins, matrix metalloproteinases

(such as MMP2 and MMP9), or any other compound known in the art to promote survival,

proliferation or differentiation of endothelial cells.

[0148] Further processing of the cells may also include: cell expansion (of one or more

regenerative cell types) and cell maintenance (including cell sheet rinsing and media changing); sub-

culturing; cell seeding; transient transfection (including seeding of transfected cells from bulk

supply); harvesting (including enzymatic, non-enzymatic harvesting and harvesting by mechanical

scraping); measuring cell viability; cell plating (e.g., on microtiter plates, including picking cells

from individual wells for expansion, expansion of cells into fresh wells); high throughput screening;

cell therapy applications; gene therapy applications; tissue engineering applications; therapeutic

protein applications; viral vaccine applications; harvest of regenerative cells or supernatant for

banking or screening, measurement of cell growth, lysis, inoculation, infection or induction;

generation of cell lines (including hybridoma cells); culture of cells for permeability studies; cells for

RNAi and viral resistance studies; cells for knock-out and transgenic animal studies; affinity

purification studies; structural biology applications; assay development and protein engineering

applications.



[0149] In general, a system useful for isolating a cell population comprising LECs and/or

pre-LECs comprises a) a tissue collection container including i) a tissue collecting inlet port

structured to receive adipose tissue removed from a subject, and ii) a filter disposed within the tissue

collection container, which is configured to retain a cell population comprising LECs and/or pre-

LECs from said subject and to pass adipocytes, blood, and saline; b) a mixing container or cell

processing chamber coupled to the tissue collection container by a conduit such that a closed

pathway is maintained, wherein said mixing container receives said cell population comprising

LECs and/or pre-LECs and said mixing container comprises an additive port for introducing at least

one additive to said cell population comprising LECs and/or pre-LECs; and an outlet port configured

to allow removal of said cell population comprising LECs and/or pre-LECs from the mixing

container or cell processing chamber for administration to a patient. In some embodiments, said

mixing container or cell processing container further comprises a cell concentration device such as a

spinning membrane filter and/or a centrifuge. Aspects of the invention also include a cell sorter,

which is attached to said mixing chamber or cell processing chamber by a conduit and is configured

to receive cells from said mixing chamber or cell processing chamber, while maintaining a closed

pathway. Aspects of the embodiments above may also include a centrifuge attached to said mixing

chamber or cell processing chamber by a conduit and configured to receive said cell population

comprising LECs and/or pre-LECs, while maintaining a closed pathway, wherein said centrifuge

comprises a gradient suitable for further separation and purification of said LECs and/or pre-LECs

(e.g., ficoll-hypaque). Said centrifuge containing said gradient, which is configured to receive said

cell population comprising LECs and/or pre-LECs may also be contained within said mixing

container or cell processing chamber.

[0150] Exemplary cell processing systems or devices are described with reference to the

figures. Referring now to the Figures, a system 10 of the present invention is generally comprised of

one or more of a tissue collection chamber 20, a processing chamber 30, a waste chamber 40, an

output chamber 50 and a sample chamber 60. The various chambers are coupled together via one or

more conduits 12 such that fluids containing biological material may pass from one chamber to

another while maintaining a closed, sterile fluid/tissue pathway. The conduits may comprise rigid or

flexible bodies referred to interchangeably herein as lumens and tubing, respectively. In certain

embodiments, the conduits are in the form of flexible tubing, such as polyethylene tubing

conventionally used in clinical settings, silicone or any other material known in the art. The conduits

12 can vary in size depending on whether passage of fluid or tissue is desired. The conduits 12 may



also vary in size depending on the amount of tissue or fluid that is cycled through the system. For

example, for the passage of fluid, the conduits may have a diameter ranging from about 0.060 to

about 0.750 inches and for the passage of tissue, the conduits may have a diameter ranging from

0.312 to 0.750 inches. Generally, the size of the conduits is selected to balance the volume the

conduits can accommodate and the time required to transport the tissue or fluids through said

conduits. In automated embodiments of the system, the foregoing parameters, i.e., volume and time

for transport, must be identified such that the appropriate signals can be transmitted to the processing

device of the system. This allows the device to move accurate volumes of liquid and tissue from one

chamber to another. The flexible tubing used should be capable of withstanding negative pressure to

reduce the likelihood of collapse. The flexible tubing used should also be capable of withstanding

positive pressure which is generated by, for example, a positive displacement pump, which may be

used in the system.

[0151] All the chambers of the system can include one or more ports, e.g., outlet 70 or

inlet 2 1 ports, which accept standard IV, syringe and suction tubing connections. The ports can be a

sealed port such as a rubber septum closed syringe needle access port 51. The inlet ports can be

coupled to one or more cannulas (not shown) by way of conduits. For example, a tissue inlet port 2 1

can be coupled to an integrated single use liposuction cannula and the conduit can be a flexible

tubing. The conduits are generally positioned to provide fluid passageways from one chamber of the

system to another. Towards this end, the conduits and ports can be coupled to, for example, a suction

device (not shown) which may be manually or automatically operated. The suction device can be,

e.g., a syringe or an electric pump. Desirably, the suction device can be capable of providing

sufficient negative pressure to aspirate tissue from a patient. Generally, any suitable suction device

known to one of ordinary skill in the art, e.g., a surgeon, can be used in the embodiments described

herein.

[0152] In some embodiments, the conduits 12 can further comprise one or more clamps

(not shown) to control the flow of material among various components of the system. The clamps

can be used to maintain the sterility of the system by effectively sealing different regions of the

system. In other embodiments, the conduits 12 can comprise one or more valves 14 that control the

flow of material through the system. The valves 14 are identified as open circles in the Figures. In

some embodiments, the valves can be electromechanical pinch valves. In other embodiments, the

valves can be pneumatic valves. In yet other embodiments, the valves can be hydraulic valves or

mechanical valves, including cam valves. The valves are preferably activated by a control system



which may be coupled to levers. The levers may be manually manipulated such that the levers are

activated. In automated embodiments, the control system can be coupled to the levers as well as to a

processing device which may activate the valves at pre-determined activation conditions. In

embodiments wherein the system is fully or partially automated, activation of the valves can be

partially automated and partially subject to the user's preference such that the process can be

optimized. In yet other embodiments, certain valves can be activated manually and others

automatically through the processing device. The valves 14 can also be used in conjunction with one

or more pumps, e.g., peristaltic pumps 34 or positive displacement pumps (not shown). The conduits

12 and/or the valves 14 can comprise sensors 29, e.g., optical sensors, ultrasonic sensors, pressure

sensors or other forms of monitors known in the art that are capable of distinguishing among the

various fluid components and fluid levels that flow through the system. In a preferred embodiment,

the sensors 29 may be optical sensors

[0153] In some embodiments, the system can also include a plurality of filters 36. In

certain embodiments, the filters can be within a chamber of the system 28. Different chambers

within the system can be comprised of different filters. The filters can be configured to separate the

regenerative cells, e.g., stem cells and/or progenitor cells, from undesirable cells and disaggregation

agents that can be used in accordance with the system. In one embodiment, a filter assembly 36

includes a hollow fiber filtration device. In another embodiment, a filter assembly 36 can include a

percolative filtration device, which can optionally be used with a sedimentation process. In a further

embodiment, the filter assembly 36 can include a centrifugation device, which can optionally be

used with an elutriation device and process. In yet another embodiment, the system can include a

combination of these filtering devices. The filtration functions of the present invention can be two¬

fold, with some filters removing things from the tissue and/or cell suspension such as collagen, free

lipid, free adipocytes and residual collagenase, and with other filters being used to concentrate the

final product. The filters of the system can include a plurality of pores ranging in diameters and/or

length from 20 to 800 µm. In a preferred embodiment, the collection chamber 20 has a prefixed filter

28 with a plurality of pores ranging from 80 to 400 µm. In another preferred embodiment, the

collection chamber 20 can include a prefixed filter 28 with a plurality of 265 µm pores. In other

embodiments, the filters can be detachable and/or disposable.

[0154] The system can also include one or more temperature control devices (not shown)

that are configured to adjust the temperature of the material contained within one or more chambers

of the system. The temperature control device can be a heater, a cooler or both, i.e., it can be



configured to switch between a heater and a cooler. The temperature device can adjust the

temperature of any of the material passing through the system, including tissue, disaggregation

agents, resuspension agents, rinsing agents, washing agents or additives. For example, temperature

control device heating of adipose tissue facilitates disaggregation whereas the cooling of the

regenerative cell output is desirable to maintain viability. For example, the temperature control

device can be used to store the cells at 4 degrees Celsius for future use. Also, if pre-warmed

reagents are needed for optimal tissue processing, the temperature device can be used to maintain the

pre-determined temperature rather than to increase or decrease the temperature.

[0155] Ports and valves can include closures that maintain the sealed configuration of the

system. The closure can be a membrane that is impermeable to fluid, air and other contaminants or it

can be any other suitable closure known in the art. Furthermore, all ports of the system can be

configured to accommodate syringes, needles or other devices for delivering or withdrawing

materials in the chambers without compromising the sterility of the system. In some embodiments,

the collection chamber 20 can include one or more caps (not shown), such as a top cap and a bottom

cap to further ensure that the system remains sterile while solutions and agents and other material is

delivered into the collection chamber and/or waste is transported out. The ports 2 1 may be provided

on the caps of the collection chamber or on a sidewall of the collection chamber.

[0156] As set forth herein, tissue may be extracted from a patient via any art recognized

method. In some embodiments, the tissue can be extracted from the subject prior to being placed in

the system for processing. In some embodiments, tissue can be transferred to the collection chamber

20 through conduits 12 via a sealed entry port, such as a rubber septum closed syringe needle access

port (not shown on collection chamber). In other embodiments, the system is configured to

aseptically remove tissue from the subject, and transfer the removed tissue into the collection

chamber 20 while maintaining a closed system. For example, as shown in FIG. 5, the collection

chamber 20 can include of a vacuum line 12 to facilitate tissue removal using a standard cannula

inserted into the patient, such that the entire system is attached to the patient. In some embodiments,

the tissue can be introduced into the collection chamber 20 through an inlet port 2 1 via a conduit

such as 12a which are part of a closed sterile pathway. The collection chamber 20 can include a

plurality of flexible or rigid canisters or cylinders or combinations thereof. For example, in some

embodiments, the collection chamber 20 can include one or more rigid canisters of varying sizes.

The chamber can have size and shape specifications, e.g., height to width ratio, that provide the best

result for the specific use at hand. For example, with respect to processing of adipose tissue, the



chamber can be constructed to provide the best cell yield and viability while requiring a relatively

short processing time. In one embodiment, particularly for agitation in an upright position, the

chamber has a bottom surface that is angled, i.e., slanted, relative to the top surface. In some

embodiments, the collection chamber 20 can include one or more flexible bags. In such systems, the

system can include a support, such as in internal or external frame that helps reduce the likelihood

that the flexible bag will collapse upon the application of suction to the bag. In some embodiments,

the collection chamber 20 can be sized to hold the requisite amount of saline to wash and

disaggregate the tissue prior to transfer to a processing chamber 30 or mixing chamber. By way of

example, a tissue collection chamber can be configured to hold 800 ml of lipoaspirate and 1200 ml

of saline. Accordingly, in one embodiment, the collection chamber 20 can be configured to

accomodate at least 5 mL, 10 mL, 25 mLs 50 mL, 100 mL, 150 mL, 20OmL, 25OmL, 300 mL, 350

mL, 400 mL, 450 mL, 500 mL, 55OmL, 1 liter, 1.25 liters, 1.5 liters, 1.75 liters, 2 liters, 2.5 liters, 3

liters, or more, or any number in between, of material. For smaller tissue volumes, e.g., 5 mis to 100

mis, the tissue may be gathered in a syringe prior to transfer to the collection chamber 20. In some

embodiments, the tissue collection chamber is configured such that the volume of tissue or fluid

present in the collection chamber 20 is easily ascertainable to the naked eye.

[0157] The collection chamber 20 can be constructed out of any suitable biocompatible

material that can be sterilized. In some embodiments, the collection chamber 20 can be made from

disposable material that meets biocompatibility requirements for intravascular contact, for example,

as described in the ISO 10993 standard. For example, in some embodiments, the collection chamber

can be made from polycarbonate acrylic or ABS. The fluid path of the collection chamber 20 is

preferably pyrogen free, i.e., suitable for blood use without danger of disease transmittal. In one

embodiment, the collection chamber 20 is made from a material that allows the user to visually

determine the approximate volume of tissue present in the chamber. In other embodiments, the

volume of tissue and/or fluid in the collection chamber 20 is determined by automated sensors 29.

For example, a load cell can be used to detect volume based on the weight of the tissue in the

collection chamber 20. The collection chamber 20 can be configured such that in an automated

embodiment, the system can determine the volume of tissue and/or fluid within the chamber with a

reasonable degree of accuracy, for example with an accuracy of plus or minus 25%, 20%, 15% or

less.

[0158] In some embodiments, the collection chamber 20 can be in the form of a rigid

chamber, for example, a chamber constructed of a medical grade polycarbonate containing a roughly



conical prefixed filter 28 of medical grade polyester with a mesh size of about 265 µm (See, e.g.,

FIG. 5). The rigid tissue collection container can be approximately eight inches high and

approximately five inches in diameter; the wall thickness may be about 0.125 inches. The interior of

the cylinder may be accessed through, for example, one or more ports for suction tubing, one or

more ports with tubing for connection through sterile docking technology, and/or one or more ports

for needle puncture access through a rubber septum. The prefixed filter 28 in the interior of the

collection chamber 20 can be structured to retain tissue, such as adipose tissue and to pass non-

adipose tissue as, for example, the tissues are removed from the patient. More specifically, the filter

28 can be configured to allow passage of free lipid, blood, and saline, while retaining fragments of

adipose tissue during, or after, the initial harvesting of the adipose tissue. For example, in some

embodiments, the filter 28 can include a plurality of pores of either the same or different sizes. In

some embodiments, the filter can include a plurality of pores of either the same or different sizes

ranging from about 20 µm to 5 mm. For example, in one embodiment, the filter 28 can include a

plurality of 400 µm pores. In a preferred embodiment, the filter 28 is a medical grade polyester mesh

of around 200 µm thickness with a pore size of around 265 µm and around 47% open area. This

material can hold the tissue during rinsing while allowing cells to pass out through the mesh

following tissue disaggregation. Thus, when the tissues are aspirated from the patient, non-adipose

tissue such as saline, blood cells, mature adipocytes and the like may be separated from adipose

tissue aggregates and fragments that include, for example, regenerative cells. In other embodiments,

different materials, mesh size, filter positions and configurations, and the number and type of ports

can be used to facilitate the separation of components as desired, e.g., blood, saline and mature

adipocytes from adipose tissue aggregates and fragments. For example, mesh pore sizes smaller

than 100 µm or as large as several thousand microns would achieve the same purpose of allowing

passage of saline and blood cells while retaining adipose tissue aggregates and fragments. Similarly,

the separation can be achieved by use of an alternative rigid plastic material, or by many other

modifications that would be known to those skilled in the art.

[0159] In embodiments, the filter can comprise, e.g., a mesh oriented at any angle,

including horizontally, at or close to the outlet port of the collection chamber 20. The mesh is

positioned over the outlet port, such that fluid draining through the outlet port will necessarily pass

through the mesh. Such a mesh can be positioned, e.g., in the bottom half or third of the chamber,

depending on the size of the chamber and the volume of tissue to be processed. The mesh can also

be positioned at an angle over an output port situated near the edge of the bottom collection chamber



surface, or it can be a cylindrical filter, such as an inverted mesh cup, positioned directly over the

outlet. In embodiments, the outlet port over which a filter is positioned can be used as an inlet port

to receive, e.g., saline. In this embodiment, fluid added to the chamber serves to flush or clean the

filter of potentially obstructing material such as cell or tissue debris. A filter can also be positioned

in or near the inlet port for collection chamber 20, wherein said inlet port is used for adding tissue to

the chamber.

[0160] In some embodiments providing an automated or partially automated cell

processing device or system, the user may enter the estimated volume of tissue directed to the

collection chamber 20. The tissue is introduced into the collection chamber 20 through an inlet port

2 1 which is part of a closed fluid pathway that allows the tissue, saline and other agents to be added

to the tissue in an aseptic manner. In some embodiments, an optical sensor of the system, e.g.,

sensor 29, can detect when the user input volume of tissue is present in the collection chamber 20. In

certain embodiments, if less tissue is present in the collection chamber than the user input, the user

will have the option to begin processing the volume of tissue which is present in the collection

chamber 20. In certain embodiments, a portion of the tissue removed from the patient may be

directed to the sample chamber 60 through the use of a pump, e.g., a peristaltic pump, via a conduit,

which may be activated via user input utilizing the user interface.

[0161] The system 10 can also include one or more solution sources 22. The solution

source may comprise a washing solution source 23, and a tissue disaggregation agent source 24,

such as collagenase. In some embodiments the collection chamber 20 includes fluid pathways that

allows for the washing and disaggregating solutions or agents to be added to the tissue in an aseptic

manner.

[0162] The containers for the washing solution 23 and the disaggregation agents 24 can

be configured to hold their contents in a sterile manner. For example, the container 23 can be a

collapsible bag, such as an IV bag used in clinical settings. The containers can have conduits 12,

such as conduit 12e, coupled to the collection chamber 20 so that the washing solution and the

disaggregation agent can be delivered to the interior of the collection chamber 20. The washing

solution and the disaggregation agent can be delivered to the interior of the collection chamber 20

through any art-recognized manner, including, for example, simple gravity pressure applied to the

outside of the containers or by placement of a positive displacement pump on the conduits. See, e.g.,

conduit 12d in FIG. 4.



[0163] In some embodiments, the system is configured such that solutions and materials

such as saline, washing solutions, and the like can enter collection chamber 20.

[0164] The tissue collection chamber can be configured to mix the extracted tissue and

any solutions, e.g., washing solutions, disaggregation agents and the like. In some embodiments, the

tissue collection chamber 20 can be configured to agitate the tissue and any solutions or agents

(which maximizes cell viability and minimizes the amount of free lipid released). For example, the

system can be configured to rotate the entire collection chamber 20 through an arc of varying

degrees (e.g., through an arc of about 45 degrees to about 90 degrees) at varying speeds, e.g., about

30 revolutions per minute. In certain embodiments, the rotation arc and/or speed are kept constant.

In other embodiments, the system can be configured to rotate the entire collection chamber 20,

wherein the collection chamber 20 is comprised of one or more paddles or protrusions rigidly

attached to an inside surface of the collection chamber, through an arc of varying degrees (e.g.,

through an arc of about 45 degrees to about 90 degrees) at varying speeds, e.g., about 30 revolutions

per minute. In some embodiments, the system comprises a drive mechanism attached to or in

operable communication with the collection chamber 20. In some embodiments, the drive

mechanism can be a simple belt or gear or other drive mechanism known in the art.

[0165] In some embodiments, the system is configured to mix the contents of the tissue

collection chamber or in the cell processing or mixing container (e.g., tissue, agents, solutions, and

the like) through a rotatable shaft 25 inside the collection chamber 20. In some embodiments, the

rotatable shaft can include one or more paddles 25a or protrusions rigidly attached to the rotatable

shaft 25 which can pass through the mixture as the shaft is being rotated. In certain embodiments,

the rotatable shaft 25 with rigidly attached 25a paddles can be rested on the bottom of the collection

chamber 20. This can be accomplished, for example, by placing the paddle-like device into a

spinning magnetic field (e.g., magnetic stirrer). Alternatively, agitating of the tissue in any of these

chambers can be accomplished using a simple agitator known in the art, including but not limited to

a device implementing shaking up and down without rotation. The skilled artisan will appreciate

that any mechanism used to rock, stir or invert the contents of the chamber (e.g., tissue, solutions,

agents, etc.) can be used in the systems described herein. In a specific embodiment, the contents of

the processing chamber are agitated using a mechanism that rotates the processing chamber within

the system. In embodiments, the collection chamber is horizontally positioned and rocked through

an arc of about 30 to 90 degrees, with the center of the arc being, e.g., the horizontal position.



[0166] In some embodiments, the system is configured to deliver a tissue disaggregation

agent to the collection chamber 20 or a mixing chamber to liberate the LECs and/or pre-LECs from

the remaining adipose tissue components. In some embodiments, the system is configured for the

delivery of more than one solution or agent to the cell collection chamber or mixing chamber. For

example, in some embodiments, the system includes a saline source 23. The system can be

configured, for example, to agitate washed adipose tissue and tissue disaggregation agent in manners

similar to the agitation methods described above, until the washed adipose tissue is disaggregated.

For example, the washed adipose tissue and a tissue disaggregation agent may be agitated by rotating

the entire collection chamber through an arc of approximately 90 degrees, by having a shaft which

contains one or more paddles which pass through the solution as the shaft is being rotated, and/or by

rotating the entire collection chamber which contains paddles or protrusions on the inside surface of

the collection chamber.

[0167] In some embodiments, the system is configured to produce a buoyant fraction and

a non-buoyant fraction before treatment of the tissue with a disaggregation agent. The non-buoyant

fraction can include blood, collagen, lipids and other components of the tissue, and the buoyant

fraction can include cells such as LECs and/or pre-LECs. In some embodiments, the collection

chamber 20 includes an outlet port 22 at the lowest point of the chamber such that blood and other

non-buoyant components of the tissue may be drained to one or more waste containers 40 via one or

more conduits 12.

[0168] In some embodiments, the collection chamber 20 can be in an upright position

such that an outlet port 70 is located at the bottom of the collection chamber. The system can be

configured to drain components into the waste container 40 either passively or actively. For

example, in some embodiments, the system is configured such that blood, collagen, lipids, and used

solutions or agents, can be drained using gravity. In some embodiments, the system is configured so

as to apply positive or negative pressure, for example, by pumps 34 and/or by vents 32 to drain

components into the waste container 40. In some embodiments, the system can be configured to

retain components including non-buoyant components of disaggregated tissue, e.g., cell populations

comprising LEC and/or pre-LECs.

[0169] In some embodiments, the system also includes a processing chamber 30. In

some embodiments, the system is configured such that, after tissue disaggregation, material (e.g., the

non-buoyant fraction comprising regenerative cells) can be transferred to the processing chamber 30.

In some embodiments, the system comprises a conduit that allows for the transport of material from



the tissue collection chamber to the cell processing chamber while maintaining a closed system. For

example, in some embodiments, the processing chamber 30 of the invention can be positioned within

the system such that the regenerative cell composition moves from the collection chamber 20 to the

processing chamber 30 by way of tubing 12, valves 14 and pump 34 in a sterile manner.

[0170] In some embodiments, the processing chamber 30 is configured to further

separate and/or concentrate cells or material of interest (e.g., cell populations comprising LEC and/or

pre-LECs, etc.) from other cells and materials present in the components in the material transferred

from the tissue collection chamber (e.g. collagen, residual collagenase, other connective tissue, etc.).

In some embodiments, the processing chamber can be sized to accommodate tissue/fluid mixtures

ranging from 10 mL to 2.0 L. In some embodiments, the processing chamber is configured to

accommodate 800 mLs of material.

[0171] In some embodiments, the system is configured to receive the entire mixture from

the collection chamber 20 or mixing container. In other embodiments, the system is configured such

that a first portion of the mixture from collection chamber 20 or mixing container is directed to the

processing chamber 30, and a second portion is directed to a different region of the system, e.g., the

sample chamber 60, where the second portion can be recombined with cells processed in the

processing chamber 30 at a later time.

[0172] The processing chamber 30 can be made from any suitable biocompatible

material known to those skilled in the art that can be sterilized. In some embodiments, the processing

chamber 30 can be made from disposable material that meets biocompatibility requirements for

intravascular contact, for example, as described in the ISO 10993 standard. By way of example, in

some embodiments, the processing chamber 30 can be made from polycarbonate, acrylic, ABS,

ethylene vinyl acetate or styrene-butadiene copolymers (SBC). In some embodiments, the fluid path

of the disposable processing chamber is pyrogen free. In some embodiments, the processing

chamber can be in the form of a plastic bag, such as those conventionally used in processing blood in

blood banks; or in other embodiments, it may be structurally rigid (See, e.g., FIG. 6). In one

embodiment, the processing chamber 30 may be similar to the processing chamber disclosed in U.S.

application Ser. No. 10/316,127, filed Dec. 7, 2001 and U.S. application Ser. No. 10/325,728, filed

Dec. 20, 2002, the contents of which in their entirety are hereby incorporated by reference.

[0173] In embodiments wherein the processing chamber comprises one or more filters

36, the filter can be configured to allow the separation of one or more types of cells such as LEC

and/or pre-LECs, from adipocytes, non-cellular components such as collagen, or contaminants any



agent or solution such as collagenase. The skilled artisan will appreciate that variables such as, pore

size of the filter media, geometry (shape) of the pore, surface area of the filter, flow direction of the

solution being filtered, trans-membrane pressure, dilution of the particular cell population,

particulate size and shape as well as cell size and cell viability of the components to be filtered can

be configured to obtain optimal separation and concentration of the cells of interest from

disaggregated tissue.

[0174] In some embodiments, the system comprises a filter assembly 36. In certain

embodiments, the filter assembly 36 comprises a plurality of filters which are structured to perform

different functions and separate the cells of interest, e.g., a regenerative cell composition into distinct

parts or components. For example, one of the filters can be configured to separate collagen from the

cell population comprising LEC and/or pre-LECs, one of the filters can be configured to separate

adipocytes and/or lipid components from the cell population comprising LEC and/or pre-LECs, and

one of the filters can be configured to separate residual enzymes, such as the tissue disaggregation

agent, from the cell population comprising LEC and/or pre-LECs. In certain embodiments, one of

the filters can be configured to perform more than one function, such as separating collagen and the

tissue disaggregation agent from the composition. The plurality of filters can be serially arranged. In

some embodiments, at least a portion of the filters can be arranged in parallel. A serial arrangement

of the filters of the filter assembly 36 is shown in FIG. 2. A parallel arrangement of the filters of the

filter assembly 36 is shown in FlG. 3.

[0175] In one embodiment, the filter assembly 36 comprises a first filter, a second filter,

and a third filter. The first filter can be configured to remove collagen particles present in the cell

population comprising LEC and/or pre-LECs, for example. These collagen particles are typically

approximately 0.1 microns in diameter and can be up to 20 microns long. The collagen particles may

be of varying sizes depending on the digestion. They also may be fibrils, meaning they have twists

and turns. Any of the filters described herein may be made 25 from polyethersulfone, polyester,

PTFE, polypropylene, PVDF, or possibly cellulose. One method of filtering collagen can include

removing the larger particles first, then letting the cells go through, which would require for example

a filter in about the 10 micron range. In other embodiments, the system comprises a smaller size

filter, such as 4.5 micron, with the intent that the collagen would be well digested, so as to trap the

cells, and let the collagen pass through. In these embodiments, the system can also provide means to

float the cells back 30 off the filter. In some embodiments, the system provides a filter which

configured to attract and hold collagen fibers.



[0176] The second filter can be configured to remove, for example, free immature

adipocytes which are not buoyant in the cell composition comprising LEC and/or pre-LECs. In one

embodiment the second filter can be constructed of polyester and have a pore size between about 30

and about 50 microns, e.g., about a 40 micron pore size. Although referred to as a second filter,

placement of such a device may be in a first, rather than second, position to facilitate an initial

removal of larger cells and particles. The third filter can be configured to remove the contaminants

such as unused or residual collagenase or other tissue disaggregation agent present in the

composition. In some embodiments, the collagenase may degenerate over time. In one embodiment,

the third filter comprises a plurality of pores having a diameter, or length less than about 1 µm. In

some embodiments, the pores can have diameters ranging from about 10 kD and 5 microns. In some

embodiments, the third filter can be configured to concentrate a cellular fraction, e.g., cell population

comprising LEC and/or pre-LECs, into a small volume of saline or other washing solution. In some

embodiments, the final filter in a series of filters can comprise a hollow fiber unit, configured to

remove collagenase from the desired cellular component (e.g., the cell population comprising LEC

and/or pre-LECs) while preserving the integrity of the desired cellular component. In some

embodiments, other filters in the series of filters can also comprise a hollow fiber unit, whereas in

other embodiments, the final filter is the only filter comprising a hollow fiber unit. In some

embodiments, the filters within the filter assembly can be in separate housings. In other

embodiments, some or all filters can be in the same housing.

[0177] The filters of the filter assembly 36 can be located in the processing chamber 30.

In some embodiments, the system provides a filter assembly that is a separate component from the

processing chamber 30. In some embodiments, filters of a filter assembly 36 can be provided in

multiple processing chambers or in an inline fashion. In certain embodiments, the conduits or tubing

can act as a processing chamber or chambers. The processing chamber can be reduced in size such

that it becomes the inside volume of the conduits which connect the filters.

[0178] In some embodiments, processing chamber 30 can include multiple outlets. These

outlets can serve to maintain the necessary pressure, as well as to provide connections via conduits

to one or more other containers, such as the collection chamber 20, the output chamber 50, and the

waste container 40.

[0179] Examples of filter media which can be used with the disclosed system 10 include

polysulfone, polyethersulfone or a mixed ester material, and the like. These hollow fibers or hollow

tubes of filter media may be contained in a cylindrical cartridge of the filter assembly 36. The



individual tubes or fibers of filter media can have an inside diameter ranging from about 0.1 mm to

about 1 mm. For example, in some embodiments, fibers of filter media can have a diameter of about

0.5 mm. The diameter and length of a suitable cylindrical cartridge will determine the number of

individual tubes of filter media which can be placed inside the cartridge. A non-limiting example of

a suitable hollow fiber filter cartridge is the FiberFlo® Tangential Flow Filter, catalog #M-C-050-K

(Minntech, Minneapolis, Minn.). Pore sizes of the filter media can range between about 10 kDa and

about 5 microns. In some embodiments, the pore size can be about 0.5 microns.

[0180] In the hollow-fiber filter, each hollow tube has a body with a first end, a second

end, and a lumen located in the body and extending between the first end and second end. The body

of each hollow tube includes a plurality of pores. The pores can be oriented in the body such that a

cellular composition, e.g., a cell population comprising LEC and/or pre-LECs, can be filtered by

flowing through the lumen of the body, and the products to be filtered tangentially pass through the

pores, as shown in FIG. 12A. In other words, the smaller particles in the liquid pass tangentially

through the pores relative the flow of fluid through the lumen of the body. The cell population

comprising LEC and/or pre-LECs can pass through the lumen of each hollow tube when the

composition is being filtered. Preferably, the flow of the composition is tangential to the pores of the

body of each hollow tube. Tangential flow of fluid can increase the efficiency of the filtration

relative to other filtration techniques, such as perpendicular flow, as shown in FIG 12B.

[0181] In some of the embodiments disclosed herein, in the hollow fiber configuration of

the present system 10, the fluid which is being filtered flows inside the lumen of the hollow tube.

The portion of the fluid which has the ability to pass through the pores of the body of the filter does

so with the aid of the positive pressure of the fluid on the inside of the body as well as a negative

pressure which is applied on the outside of the body. In this embodiment, the cells typically are not

subjected to the pressure of the fluid flow or the weight of other cells, and therefore, the shear forces

on the stem cells can be reduced, thereby enhancing the efficiency and effectiveness of the filtration

and reducing clogging rates cell lysis. The filters can be configured such that saline and unwanted

protein molecules and other small components pass through the pores of the bodies of the hollow

tubes to the outside of the hollow tubes and are directed to the waste container 40. In one

embodiment, a vacuum can be located on the outside of the hollow tube filter media to enhance

filtration. In some embodiments, the pore size of the filters is such that cells such as LEC and/or

pre-LECs cannot pass through the pores of the filter body. The cells that cannot pass through the

filter can remain on the inside of the hollow tube filter (e.g., in the lumens of the tubes) and can be



directed back to the processing chamber 30 via a conduit between the filter and the processing

chamber, or to the output chamber 50. In one embodiment, the hollow fiber filter can have about a

0.05 micron pore size, and contain approximately 550 cm2 surface area of filter media. An individual

media tube can have a diameter of about 0.5 mm.

[0182] In some embodiments, the system is configured to reduce the amount of

collagenase in a composition (e.g., a cell population comprising LEC and/or pre-LECs)

approximately by three logs. In some embodiments, the filter system provides for the reduction in

collagenase levels. For example if the initial concentration of collagenase in the compositions, (e.g.,

a cell population comprising LEC and/or pre-LECs), which is transferred from the collection

chamber to the processing chamber is 0.078 U/ml the collagenase concentration of the final

regenerative cell composition would be 0.000078 U/ml. The collagenase can be removed from the

compositions (e.g., a regenerative cell composition), in the hollow fiber filter, and the hollow fiber

filter corresponds to the third filter discussed above.

[0183] FIGS 1-3 depict exemplary processing chambers that include filtration means.

With reference to FIGS. 1-3, some embodiments provide a pump 34 located between the processing

chamber 30 and the filtering chamber of the filter assembly 36. In some embodiments, vent and

pressure sensors, such as vent 32, and pressure sensor 39, can also be provided in line with the

processing chamber 30 and the filter assembly 36. Some embodiments provide fittings for the

output chamber 50. These components (e.g., the pump 34, the vent 32, the pressure sensor 39, and

the fittings for the output chamber 50) can be positioned between the processing chamber 30 and the

filter assembly 36 such that liquid contained in the processing chamber 30 can flow to one or more

of these components before flowing through the filter assembly 36. For example, in some

embodiments, liquid can flow through the pump 34 before it is passed to the filter assembly 36. In

some embodiments, liquid may pass through the pressure sensor 39 before passing through the filter

assembly to obtain a pre-filter liquid pressure in the system.

[0184] In some embodiments, one or more of the components such as a pump 34, a vent

32, a pressure sensor 39, and fittings for the output chamber 50, can be provided as an element of the

processing chamber 30, such as the vent 32 as illustrated in FIG. 6. In one embodiment, the pressure

sensor 39 can be in line to determine the pressure of a compositions, e.g., a cell population

comprising LEC and/or pre-LECs, which is generated by the pump 34 as it enters the filtering

chamber of the filter assembly 36, to facilitate monitoring of the trans-membrane pressure across the

filter membrane. In some embodiments, the system is configured to provide solutions and agents,



such as saline or another buffer or washing solution to cell composition to assist in the removal of

unwanted proteins as the composition is being filtered through the filter assembly 36. This repeated

washing can be performed multiple times to enhance the purity of the cell population comprising

LEC and/or LEC pre-LECs.

[0185] As shown in FIGS. 10 and 11, in some embodiments, the system is configured

such that the composition, e.g. a cell population comprising LEC and/or pre-LECs, as well as

collagen and connective tissue particles or fragments, adipocytes, and collagenase, can be cycled

through a series of filters until a minimum volume is reached. The minimum volume is a function of

the total hold up volume of the system and some predetermined constant. The hold up volume is the

volume of liquid which is contained in the tubing and conduits if all of the processing chambers are

empty. For example, in some embodiments, the system is configured such that the minimum volume

is about 15 ml. When the minimum volume is reached, a predetermined volume of washing solution

can be introduced into the system to be mixed with the composition, e.g., a cell population

comprising LEC and/or pre-LECs. This mixture of washing solution and the composition, e.g., a cell

population comprising LEC and/or pre-LECs can then be cycled through the filters until the

minimum volume is reached again. This cycle can be repeated multiple times to enhance the purity

of the LEC and/or pre-LECs, or in other words, to increase the ratio of cells e.g., LEC and/or pre-

LECs, in the composition to the other materials in the composition. See FIGS. 10 and 11.

[0186] In some embodiments, the system can include an output chamber 50, such as an

output bag. In some embodiments, the output chamber 50 can be connected to an outlet port of the

processing chamber 30 and/or the filter assembly 36, depending on the specific embodiment. A vent,

such as the vent 32, can provided such that when the vent is opened, output of the concentrated cell

population is facilitated. With the vent 32 open, a pump, such as the pump 34, can function to

transfer the concentrated cell population comprising LEC and/or pre-LECs into the output bag. In

one embodiment, the output bag 50 can be similar to an empty blood bag which has a tube with a

fitting on one end. In a sterile fashion, the fitting on the output bag can be attached to the outlet port,

and the concentrated regenerative cells can be transferred to the output bag.

[0187] As illustrated in FIGS. 1-3, in some embodiments, the system includes a vacuum

pump 26 for example to change the pressure in the system, among other things. For example, a

vacuum pump 26 can be coupled to the collection chamber 20 via a conduit, such as conduit 12, to

cause a decrease in pressure within the collection chamber 20. Vacuum pump 26 may also be

coupled to a processing chamber 30 by way of a conduit, such as conduit 12g. Regarding the



operation of vacuum pump 26 in connection with pump 34, two separate vacuum pumps or sources

may be implemented, or a single one may be implemented by using valves which direct the vacuum

pull to the different conduits that need it at specific points in the process. In addition, vacuum pump

26 may be coupled to the waste container 40 via a conduit, such as conduit 12f. The vacuum can be

generated by a vacuum pump that is within the system or external, e.g., a house vacuum connected

to chamber 20 by a vacuum line.

[0188] With reference to FIGS. 10 and 11, the pressure generated by the vacuum pump

26 can be used to direct the flow of fluids, including compositions such as a composition including a

cell population comprising LEC and/or pre-LECs, through the conduits 12. This pressure can be

supplied in multiple directions, for example, by automatically or manually controlling the position of

one or more valves 14 in the system 10. The system 10 can be configured to use positive pressure or

negative pressure, or combinations thereof. For instance, the cells including LEC and/or pre-LECs

can be pulled through filters such as the first and second filters described above into a soft sided

container which is connected to a third filter. The soft-sided container can be in line (serial)

connected ahead of a third filter. The final output chamber may be a soft sided container which is on

the other side (e.g., the downstream side) of the third filter. In this embodiment, pressure, e.g., from

vacuum pump 26 can be used to move the cells, e.g., LEC and/or pre-LECs from one soft sided

container to a second soft sided container through the filter.

[0189] In another embodiment the system can be configured to use both percolative

filtration and sedimentation in order to separate and concentrate cells such LEC and/or pre-LECs.

For example, such a system uses saline that is passed through a tissue cell composition (e.g., the

composition containing the LEC and/or pre-LECs) and then through a filter. Some of the variables

which are associated with percolative filtration of cells from a regenerative cell composition include,

but are not limited to, pore size of the filter media, pore geometry or shape, surface area of the filter,

flow direction of the regenerative cell composition being filtered, flow rate of the infused saline,

trans-membrane pressure, dilution of the cell population, cell size and viability.

[0190] In one embodiment of the system 10, the processing chamber 30 uses a filter

assembly 36 which implements percolative filtration and sedimentation to separate and concentrate

the LEC and/or pre-LECs. By way of example, and not by way of limitation, the processing chamber

30 can be a generally cylindrical body having a sidewall 30a, a top surface 30b, and a bottom surface

30c, as shown in FIG. 6. A sterile vent 32 is provided in the top surface 30b.



[0191] In the embodiment of FIG. 6, the processing chamber 30 is illustrated as including

a filter assembly 36, which includes two filters, such as large pore filter 36a, and small pore filter

36b. The pore sizes of the filters 36a and 36b can range from between about 0.05 microns and about

10 microns. A large pore filter 36a may comprise pores with a diameter of about 5 µm, and the small

pore filter 36b may comprise pores with a diameter of about 1-3 µm. In one embodiment, the filters

have a surface area of about 785 mm2. In some embodiments, the system can be configured such

that filters 36a and 36b can divide an interior of the processing chamber 30 to include a first chamber

37a, a second chamber 34b, and a third chamber 37c. As shown in FIG. 6, first chamber 37a can be

located between second chamber 34b and third chamber 37c. In some embodiments, the first

chamber 37a can have an inlet port 31a and an outlet port 31b. The processing chamber 30 can

include a plurality of ports to provide communication paths from an exterior of the processing

chamber 30 to the interior of the processing chamber 30, such as ports 31a, 31b, and 31c. The ports

31a, 31b, and 31c can be disposed in the sidewall 30a of a body of the processing chamber 30. In

other embodiments, the ports 31a, 31b, and 31c can be positioned in other regions of the cell

processing chamber or in other chambers, as well. In FIG. 6, port 3 Ia can function as a sample inlet

port, which can be coupled to a conduit so that a composition containing LEC and/or pre-LECs can

be passed into the interior of the processing chamber 30. Port 31b can function as an outlet port

constructed to be coupled to a conduit so that the separated and concentrated cells may be removed

from the interior of the processing chamber 30. Port 31c can function as an inlet port constructed to

be coupled to a conduit for delivery of a fresh washing solution, such as saline into the interior of the

processing chamber 30.

[0192] As such, compositions, such as compositions that include the LEC and/or pre-

LECs (e.g., the buoyant component of disaggregated tissue) can be introduced into the central

chamber 37a via inlet port 31a. In some embodiments, the system can be configured such that saline

or other buffer can be introduced into the bottom chamber 34b through inlet port 31c. In some

embodiments, the system is configured so that solutions such as saline can be directed through the

composition, (e.g., the cell population comprising LEC and/or pre-LECs), in chamber 37a particular

rate, e.g., at a rate of about 10 ml/min. In some embodiments, the system is configured to allow for

the adjustment of the flow rate of a solution such as saline is such that it counteracts the force of

gravity. The flow of saline gives the cells in the chamber the ability to separate based on the density

of the cells. For example, larger cells in the composition can settle to the bottom of the central

chamber 37a, and smaller cells and proteins can be carried away through the second filter 36b into



the top chamber 37c. This filtering can be accomplished by adjusting the flow rate of the saline such

that the larger cells are rolled in place which allows the smaller particles to be liberated and carried

off with the saline.

[0193] In some embodiments, a sterile vent 32 is included in the chamber 30 to ensure

that the correct pressure gradient is maintained in the three chambers within the processing unit. The

upper chamber 37c can comprise an absorbent media 33. Absorbent media can be used to trap the

unwanted proteins in the solution to ensure that they do not cross the filter media back into the

processing solution, if, for example, the saline flow rate decreases. An absorbent media can be a type

of filter material that is absorbent, or attracts materials or components to be filtered out. In some

embodiments, and outflow port be added above the top filter to help draw off the waste. Another

embodiment of this may be to apply a gentle vacuum from the top to help pull off waste. Absorbent

media can be implemented when, as in the illustrated embodiment, the flow rates are relatively

small. Excess saline and proteins are then carried away to a waste container.

[0194] In some embodiments, the system can be configured to further concentrate cells

(e.g., regenerative cells or the like) following removal from chamber 37a through outlet port 31b, or

while it is in the chamber 37a. For example, in one embodiment, after the cells have been

sufficiently separated, the filters, (e.g., filters 36a and 36b), can be moved towards each other. This

movement has the effect of reducing the volume between the two filters (e.g., the volume of

chamber 37a). In some embodiments, a vibrating member can be provided in connection with the

processing chamber 30 to facilitate concentrating of the cells in the composition. In one

embodiment, the vibrating member may be coupled to the filter 36b (e.g., the small pore filter).

Vibrating can reduce an incidence of cells becoming trapped in the filters. The reduction in volume

of the composition allows the excess saline to be removed as waste and the cells to be concentrated

in a smaller volume. In other embodiments, the system can comprise another chamber to facilitate

the further concentration of the composition (e.g., a cell population that comprises LEC and/or pre-

LECs). For example, in some embodiments, the system includes a chamber that is configured to use

gravity and/or sedimentation to filter out excess solutions such as excess saline. In some

embodiments, the system is configured to carry out sedimentation and percolation at the same time.

For example, in some embodiments, sedimentation can be accomplished by introducing the

composition on top of a filter which has a pore size ranging from about 10 kD to about 2 microns. In

one embodiment, a suitable filter has a pore size of about 1 micron. The force of gravity can allow



saline and smaller particles to be passed through the filter while preventing the cells in the

composition from flowing through the filter.

[0195] In some embodiments, the cell processing chamber can include a centrifuge or

centrifuge device to separate and concentrate the compositions (e.g a cell population comprising

LEC and/or pre-LECs) from the tissue collection chamber. Standard, art-recognized centrifugation

devices, components and parameters are useful in the embodiments described herein. An exemplary

processing chamber for use as part of a centrifuge device is shown in FIGS. 7 and 8. The centrifuge

device causes a centrifuge chamber (such as the one shown in FIG. 7) to spin around an axis thereby

increasing the force on the cells in the solution to be greater than gravity. The denser or heavier

materials in the solution typically settle to one end of the centrifuge chamber, i.e., an output chamber

50 of FIG. 7, to form a pellet (e.g., a pellet of cells comprising LEC and/or pre-LECs). The pellet

may then be re-suspended to obtain a solution with a desired concentration of cells and/or a desired

volume of cells and medium. In embodiments, additional cell composition is added to the

processing chamber and further cycles of centrifugation are performed without resuspending the

pellet after each cycle. The resulting pellet is resuspended only after the desired number of

centrifugation cycles have been completed. The buffer or solution used for resuspension and/or

washing can be selected as appropriate for each processing step, for example, if the cells are to be

incubated with an enzyme, then a resuspension buffer in which that enzyme is active should be

chosen. A solution designed to stop a reaction can be added directly to the incubation mix or can be

used to resuspend the cells after pelleting. In some embodiments, the processing chamber can be

constructed to separate and concentrate cells using both centrifugal and gravitational forces (See, e.g.

FIG. 7). Specifically, during centrifugation, centrifugal force directs the denser components of the

cell composition, e.g., the LEC and/or LEC pre-LECs, towards the outermost ends of the centrifuge

chamber. By way of example, as the centrifuge chamber slows down and eventually stops,

gravitational force can help the cells to remain in the outermost ends of the centrifuge chamber and

form a cell pellet. Accordingly, the unwanted components of the composition such as waste, (e.g.,

collagenase, etc.), can be removed without disturbing the cell pellet.

[0196] The processing chamber 30 shown in FIG. 4 is in the form of a centrifuge

chamber. A detailed illustration of the processing chamber of FIG. 4 is shown in FIGS. 7 and 8.

Such a processing chamber 30 can include a rotating seal network 30.1 that can include an outer

housing 30.2, one or more seals 30.3, one or more bearings 30.4 and an attachment point 30.6 for

connecting the processing chamber to the centrifuge device; one or more fluid paths 30.5 in the form



of conduits extending out from the rotating seal and ending in a centrifuge chamber on each end

which is in the form of an output chamber 50 housed in a frame 53 wherein the frame is comprised

of one or more ports 52 and one or more handles to manually re-position the output chamber 50.

[0197] In another embodiment, the cell processing chamber can include a cell

concentrator in the form of a spinning membrane filter. In a further embodiment of the centrifugation

process, centrifugal elutriation may also be applied. In this embodiment, the cells may be separated

based on the individual cell sedimentation rate such that the directional (e.g., outward) force applied

by centrifugation causes cells and solutes to sediment at different rates. In elutriation, the

sedimentation rate of the target cell population is opposed by an opposite (e.g., inward) flow rate

applied by pumping solution in the opposite direction to the centrifugal force. The counterflow can

be adjusted so as to separate the cells and particles within the solution.

[0198] FIG. 9 illustrates how elutriation is useful in the embodiments described herein.

Briefly, the system can include a spinning rotor to apply force to a composition (e.g., a composition

comprising a cell population of LEC and/or pre-LECs). Some of the variables which are associated

with the presently embodied elutriation separation include, but are not limited to, the size and shape

of the spinning chamber, the diameter of the rotor, the speed of the rotor, the diameter of the counter

flow tubing, the flow rate of the counter flow, as well as the size and density of the particles and

cells which are to be removed from solution. As in centrifugation, cells such as LEC and/or pre-

LECs can be separated based on individual cell densities.

[0199] In one embodiment compositions such as disaggregated tissue containing LEC

and/or pre-LECs and, for example, residual collagenase, can be introduced into a chamber of a

spinning rotor, as shown in FIG. 9.1. After the composition is added to the chamber additional saline

can be added to the chamber at a predetermined flow rate. The flow rate of the saline can be

predetermined as a function of the speed of the rotor, the cell diameter, and the chamber constant

which has been established empirically. In some embodiments, the system includes a device similar

to an IV pump, which can be used to control the flow rate of solutions such as saline and the like into

the rotor chamber. A purpose of the additional saline is to provide a condition inside the rotor

chamber where the larger particles will move to one side of the chamber and the smaller particles

will move to the other, as illustrated in FIG. 9.2. The flow can be adjusted so that, the smaller

particles will exit the chamber and move to a waste container, as shown in FIG. 9.3. After it has

been determined that the cells have been separated from the rest of the items in the solution (with

unwanted proteins and free lipids having been removed from the chamber), the counter flow can be



stopped. The cells inside the chamber will then form a concentrated pellet on the outside wall of the

chamber. The counter flow is reversed and the cell pellet is transferred to the output bag.

[0200] As previously set forth herein, the processing chamber 30 or the output chamber

50 may include one or more ports, e.g., ports 5 1 or 52. One or more of these ports may be designed

to transport the cells, such as a cell population of LEC and/or pre-LECs obtained using any

combination of methods described above, or a portion thereof, via conduits to other surgical devices,

cell culturing devices, devices for pretreating the cells, e.g., with additives, gene therapy devices or

purification devices, and combinations thereof. In some embodiments, these ports can also be

designed to transport the regenerative cells via conduits to additional chambers or containers within

the system or as part of another system for the same purposes described above. The ports and

conduits can also be used to add one or more additives, e.g., growth factors, re-suspension fluids,

cell culture reagents, cell expansion reagents, cell preservation reagents or cell modification reagents

including agents that transfer genes to the cells. Cell treatment with additives can take place in

chamber 20, chamber 30, or in another chamber connected to the system through the ports and/or

conduits. The ports and conduits may also be used to transport the cells, such as regenerative cells to

other targets such as implant materials (e.g., scaffolds or bone fragments) as well as other surgical

implants and devices

[0201] Potential additives include, but are not limited to, cell differentiation factors, cell

de-differentiation factors, growth promoters, immunosuppressive agents, anti-apoptotic agents, anti¬

inflammatory agents, medical devices, nucleases, or any combinations thereof. For example, other

cells, tissue, tissue fragments, growth factors such as VEGF and other known angiogenic or

arteriogenic growth factors, biologically active or inert compounds, e.g., cardiogenol C or creatine,

resorbable scaffolds, or other additives intended to enhance the delivery, efficacy, tolerability or

function of the population of regenerative cells may be added. The nuclease human DNAse I

(deoxyribonuclease I) can be added to the washed, disaggregated tissue in processing chamber 30

and digestion allowed to take place in saline, Lactated Ringer's solution or another effective solution

at an appropriate temperature, e.g., at room temperature. Nuclease digestion can continue for a

period of time, e.g., 10 minutes, 20 minutes, or until extracellular nucleic acid has been eliminated to

a level of satisfaction, as determined by methods known in the art. Following digestion or treatment

with an additive, any residual additive can be removed using a washing procedure known in the art,

e.g. by centrifugation and subsequent resuspension of the cells in an appropriate solution one or

more times.



[0202] In some embodiments, the system can be adapted by reconfiguring the

interconnections of the disposable sets of the system, re-programming the processing device of the

existing system, by providing different or additional containers and/or chambers for the existing

system, by transporting the cells to a one or more additional systems or devices and/or any

combinations thereof. For example, the system can be reconfigured by any of the means described

above such that the cells (e.g., regenerative cells) obtained using the system may be subject to one or

more of the following: cell expansion (of one or more regenerative cell types) and cell maintenance

(including cell sheet rinsing and media changing); sub-culturing; cell seeding; transient transfection

(including seeding of transfected cells from bulk supply); harvesting (including enzymatic, non-

enzymatic harvesting and harvesting by mechanical scraping); measuring cell viability; cell plating

(e.g., on microtiter plates, including picking cells from individual wells for expansion, expansion of

cells into fresh wells); high throughput screening; cell therapy applications; gene therapy

applications; tissue engineering applications; therapeutic protein applications; viral vaccine

applications; harvest of regenerative cells or supernatant for banking or screening, measurement of

cell growth, lysis, inoculation, infection or induction; generation of cells lines (including hybridoma

cells); culture of cells for permeability studies; cells for RNAi and viral resistance studies; cells for

knock-out and transgenic animal studies; affinity purification studies; structural biology applications;

assay development and protein engineering applications.

[0203] In some embodiments the cell pellet from the system (e.g., from the cell

processing chamber), can be removed from an output chamber and placed into a second system

providing a cell culture component. This could be in the form of a conventional laboratory tissue

culture incubator or a Bioreactor-style device such as that described by Tsao et al., U.S. Pat. No.

6,001,642, or by Armstrong et al., U.S. Pat. No. 6,238,908. In an alternative embodiment, the cell

expansion or cell culture component could be added to the existing system, e.g., into the output

chamber, allowing for short-term adherence and/or cell culture of the adipose derived cell

populations. This alternate embodiment would permit integration of the cell culture and/or cell

expansion component to the system and remove the need for removing the cells from this system and

placement within another.

[0204] As described above, in some embodiments, the system is configured such that one

or more additives can be added to or provided with the various chambers or containers while

maintaining a closed system. In some embodiments, a separate but associated system can be

provided in the form of, for example, a new container or chamber comprising the additives



connected to a port of the system in a sterile manner. In yet other embodiments, the additives are

added or provided in a second system or device that is not connected to the system of the present

invention.

[0205] In some embodiments, the system is configured to separate and concentrate cells

using, for example cell-specific antibodies that recognize and bind antigens present on, for example,

LEC and/or pre-LECs, such as the markers described herein. In some embodiments, for example, the

system is configured to separate cells based on positive selection (selecting the target cells), negative

selection (selective removal of unwanted cells), or combinations thereof. In some embodiments, the

system is configured such that intracellular markers such as enzymes can be used in the selection and

or separation of cells, e.g., molecules which fluoresce when acted upon by specific enzymes. In

some embodiments, the system can include a solid phase material with adhesive properties selected

to allow for differential adherence and/or elution of a particular population of cells, such as

regenerative cells, within the final cell pellet could be inserted into the output chamber of the system.

For example, in some embodiments, the system is configured such that antibodies are directly or

indirectly attached to a solid phase support structure. In other embodiments, the system is

configured such that cells such as LEC and/or pre-LECs can be separated from other cells using

fluorescence activated cell sorting (FACS). Accordingly, in some embodiments, the system is

configured such that a FACS apparatus is attached to an output chamber via a conduit to maintain a

sterile, closed pathway.

[0206] In another embodiment the cell pellet could be re-suspended, layered over (or

under) a fluid material formed into a continuous or discontinuous density gradient and placed in a

centrifuge for separation of cell populations on the basis of cell density. In a similar embodiment

continuous flow approaches such as apheresis (Smith, 1997), and elutriation (with or without

counter-current) (Lasch et al., 2000) (Ito and Shinomiya, 2001) may also be employed.

[0207] In some embodiments, the system can include a cryopreservation unit. In some

embodiments, the cryopresesrvation unit can be connected to the system 10 via a conduit, to provide

for a closed system. For example, in some embodiments, a cryopreservation unit can be connected

to the processing chamber, the output chamber, or any other container.

[0208] In some embodiments, the system can be configured for manually retrieval of the

cells from the output chamber. For example, in some embodiments, the system is configured such

that the cells can be loaded into a delivery device, such as a syringe, for placement into the recipient

by either, subcutaneous, intramuscular, or other technique allowing delivery of the cells to the target



site within the patient. In some embodiments, the system is configured to deliver the cell onto a

scaffold, such as a preformed matrix as described herein. In some embodiments, the loading device

is attached to the output chamber via a conduit, thereby providing a closed system. In some

embodiments, the system is configured to deliver the cells into a container to store the cells for later

use or for cryopreservation. Preferably, all retrieval methods can be performed in a sterile manner.

[0209] In some embodiments, (e.g., the embodiment shown in FIG. 4), the system can be

automated. In another embodiment, the system has both automated and manual components. The

system can include one or more disposable components connected to or mounted on a re-usable

hardware component or module. The automated systems of the invention can provide screen displays

(see FIG. 16) that prompt proper operation of the system. The automated systems can also provide a

screen that provides status of the procedure and/or the step by step instructions as to the proper setup

of the disposable components of the system. The screen can also be configured to indicate problems

or failures in the system if they occur and provide "troubleshooting" guidance if appropriate. In one

embodiment, the screen can be a user interface screen that allows the user to input parameters into

the system through, e.g., a touch screen.

[0210] In some embodiments, the partial and fully automated systems can include a

processing device (e.g., microprocessor or personal computer) and associated software programs that

provide the control logic for the system to operate and to automate one or more steps of the process

based on user input. In certain embodiments, one or more aspects of the system may be user-

programmable via software residing in the processing device. The processing device may have one

or more pre-programmed software programs in Read Only Memory (ROM). For example, in some

embodiments, the processing device can have pre-programmed software tailored for processing

blood, another program for processing adipose tissue to obtain small volumes of LEC and/or pre-

LECs and another program for processing adipose tissue to obtain larger volumes of regenerative

cells. In some embodiments, the processing device can also have pre-programmed software which

provides the user with appropriate parameters to optimize the process based on the user's input of

relevant information such as the amount of regenerative cells required, the type of tissue being

processed, the type of post-processing manipulation required, the type of therapeutic application, etc.

[0211] In some embodiments, the system provides software that can allow for the

automation of steps such as controlling the ingress and egress of fluids and tissues along particular

tubing paths by controlling pumps and valves of the system; controlling the proper sequence and/or

direction of activation; detecting blockages with pressure sensors; mixing mechanisms, measuring



the amount of tissue and/or fluid to be moved along a particular pathway using volumetric

mechanisms; maintaining temperatures of the various components using heat control devices; and

integrating the separation and concentration process with timing and software mechanisms. For

example, in some embodiments, the processing device of the system calculates various parameters,

e.g., the volume of solutions such as saline and time or number of cycles required for washing as

well as the concentration or amount of disaggregation agent and the time required for disaggregation

based on information initially entered by the user (e.g., volume of tissue being processed).

Alternatively, parameters such as amounts of agents, time and number of cycles etc. can be manually

manipulated by the user. In some embodiments, the processing device can also control centrifuge

speeds based on the tissue type being processed and/or the cell population or sub-population being

harvested, and the types of procedures to be performed. For example, in some embodiments, the

processing device can signal certain valves and/or pumps to drain, for example, the non-buoyant

layer of disaggregated tissue from the collection chamber 20.

[0212] In some embodiments, the automated system can also include probes or sensors

29 which can detect when the interface between the buoyant and non-buoyant liquids has been

reached. In some embodiments, the system can include a probe or ensor 29, e.g., an optical sensor,

which may be capable of detecting a change in the light refraction of the effluent which is flowing in

the conduit leading out of the collection chamber. The appropriate change in the light refraction

may signal the presence of the buoyant layer in the outgoing conduits which indicates that the non-

buoyant layer has been drained. The sensor 29 can then signal the processing device to proceed with

the next step. In one embodiment, the system can be configured such that a determination of when a

minimum concentration of desired cells has been reached is made empirically, for example, after

experiments have been run and programmed into the electronic controls of the device. The

determination can be an input into the process of what is desired to yield, i.e., how many LEC and/or

pre-LECs are desired, or range of cell concentration. Based on scientific data, a predefined amount

of adipose tissue needs to be obtained and placed into the system to achieve the desired output.

[0213] In some embodiments, the system can include one or several automated sampling

probes or sensors placed in line with digested adipose tissue at various stages in the processing,

including, but not limited to the final cell suspension, in order to sample the digested adipose tissue

materials for potentially unsafe contaminants, or for the detection of cell markers such as FLT-4,

CD45, CD31, CD34, podoplanin, LYVE-I or Prox-1, or the like. Such a probe or sensor may be

used to test the supernatant or cell suspension of the final cell preparation. Such a probe is designed



to either dispense a cell suspension directly into a testing chamber or into a cell concentration

device, such as a centrifuge or elutriator, in order to isolate the supernatant of the cell suspension,

which is subsequently dispensed into a testing chamber.

[0214] In some embodiments, the sampling probe described above for sampling the final

regenerative cell suspension may be used with a testing chamber for adipocytes. In some

embodiments, the testing chamber comprises a FACS machine. In other embodiments, the testing

chamber can include any one of the following components; (1) a stage for holding a microscope

slide, and (2) an automated cover slipping unit. The sampling probe can be positioned in such as way

as to obtain a sample of the final cell suspension from the main compartment and then to deliver the

sample into a component of the testing chamber. The operation of such a testing chamber would

proceed as follows: (1) the operator has pre-placed a microscope slide onto the stage, (2) a sample of

the cell suspension is obtained by the sampling probe, (2) the probe then moves in an automated

fashion above the microscope slide, (3) the stage is then automatically set to move slowly in a lateral

plane while (4) the sampling probe dispenses a thin layer of the cell suspension across the

microscope slide, and (5) the automated cover slipping unit places a cover slip atop of the slide after

the sample has been dispensed onto the slide. The slide is then held in place until the operator

removes it from the testing chamber, stains it with Oil Red O, and stains it for FLT-4, CD45, CD3 1,

CD34, podoplanin, LYVE-I or Prox-1, or some other adipocyte selective or LEC or pre-LEC

antibody based or non-antibody based stain, and quantifies the cells microscopically.

[0215] In some embodiments, the sampling probe or sensor described above for sampling

the final cell suspension may also be used with a testing chamber to test for free lipid in the cell

suspension. This testing chamber may consist of the following components; (1) a conduit that is a

port which connects the outside of the entire device with the testing chamber (2) a

spectrophotometer or fluorimeter that houses a unit that holds tube(s) or well(s) for placement of the

cell sample and a triglyceride reactive chromagen or fluorogen and that can be connected to a digital

display on the outside of the entire device that converts the chromogenic or fluorometric signal into

triglyceride content, a measure of free lipid. In some embodiments, the operation of such a testing

chamber could proceed as follows: (1) the probe samples the cell suspension, and (2) dispenses it

into the tube or well; (3) the operator injects an appropriate amount of the chromagen or fluorogen

into the port, such that the solution is dispensed into tube(s) or well(s); (4) the tube or well and its

contents incubate for an appropriate, designated period of time under controlled temperature; (5) the



spectrophotometer or fluorimeter reads the contents of the tube or well, and; (6) the lipid content in

the sample is displayed digitally on the outside of the device.

[0216] A sampling probe in line with the final cell suspension may also be used with a

testing chamber to test for residual, soluble proteolytic activity in the supernatant of the cell

suspension. Such a chamber would consist of the following major components; (1) a centrifuge that

separates out the cell pellet from the supernatant, 2) a spectrophotometer or fluorimeter that houses a

unit that holds tube(s) or well(s) for placement of the cell sample and a colorigenic or fluorigenic

protease substrate, and is connected to a digital display on the outside of the entire device that

converts the chromogenic or fluorometric signal into proteolytic activity, such as collagenase or

thermolysin activity as measured by gelatin or casein digestion, respectively. The operation of such

a testing chamber can proceed as follows: (1) The probe samples the final regenerative cell

suspension and (2) dispenses it into a chamber within the centrifuge which then automatically begins

revolving at a predefined g force and time to separate out the cell pellet and supernatant, (3) the

sampling probe then obtains a sample of the supernatant from the final cell suspension (4) the

operator injects an appropriate amount of the chromagenic or fluorogenic protease substrate into the

port, such that the solution is dispensed into the spectrophotometer or fluorimeter tube(s) or well(s),

(5) the tube(s) or well(s) and its contents incubate for an appropriate, designated period of time

under controlled temperature, (6) the spectrophotometer or fluorimeter reads the contents of the

tube(s) or well(s), and (7) the proteolytic activity in the sample can be displayed digitally of the

device.

[0217] In some embodiments, a sampling probe in line with the final cell suspension can

be used with a testing chamber to test for soluble factors from the supernatant of the final cell

suspension, or cells from the final regenerative cell suspension, that can induce platelet aggregation.

Such a chamber can include the following major components; (1) a centrifuge that separates out the

cell pellet from the supernatant, (2) a temperature controlled aggregometer that contains a unit for

holding tube(s) or well(s) and is connected to a digital display on the outside of the entire device that

converts the amount of turbidity associated with platelet aggregation into a unit of platelet

aggregation that is then displayed digitally on the outside of the entire device, and that has two

separate ports; (a) one port that delivers the supernatant of the final cell preparation into the testing

chamber and (b) one port that connects the outside of the entire device to the testing chamber. In

some embodiments, the operation of such a testing chamber can proceed as follows: (1) The operator

injects platelet rich plasma (PRP) into the port connected between the chamber and the outside of the



device such that the PRP is dispensed into the tube(s) or well(s) within the aggregometer, (2) the

sampling probe obtains a sample of the final cell suspension and performs the step "3" if measuring

soluble agonists of platelet aggregation or performs step "4" if measuring cell agonists of platelet

aggregation, (3) the sampling probe dispenses the sample into a chamber within the centrifuge which

then automatically begins revolving at a predefined g force and time to separate out the cell pellet

and supernatant, then the sampling probe obtains a sample of the supernatant and dispenses into the

tube(s) or well(s) within the aggregometer (4) the sampling probe dispenses a sample of the final

regenerative cell suspension directly into the tube(s) or well(s) within the aggregometer, (5) the

tube(s) or well(s) and its contents incubate for an appropriate, designated period of time under

controlled temperature, (6) the aggregometer reads the contents of the tube(s) or well(s), and (7)

platelet aggregation activity of the sample is then displayed digitally on the outside of the device.

[0218] In some embodiments, the processing device can include standard parallel or

serial ports or other means of communicating with other computers or networks. Accordingly, the

processing device can be a stand alone unit or be associated one or more additional devices for the

further processing methods described herein.

[0219] In some embodiments, the software can allow for automated collection of "run

data" including, for example, the lot numbers of disposable components, temperature and volume

measurements, tissue volume and cell number parameters, dose of enzyme applied, incubation time,

operator identity, date and time, patient identity, etc. In some embodiments, the device or system can

include a character recognition system, such as a bar code reading system would be integrated to

permit data entry of these variables (for example disposable set lot number and expiration date, lot

number and expiration date of the collagenase, patient/sample identifiers, etc.) into the processing

device as part of documentation of processing. This could reduce the opportunity for data entry

errors. Such a bar code reading system can be incorporated into the processing device using a USB

or other interface port and system known to the art. In this way the device would provide integrated

control of the data entry and documentation of the process. A print-out report of these parameters

could then be part of the user-defined parameters of a programmed operation of the system. In some

embodiments, the system is configured to integrate a printer component (hardware and driver) or

printer driver in software plus an interface output connector for a printer (e.g., a USB port) in the

hardware of the device.

[0220] In some embodiments, the system can be a fully automated system. For example,

the user can initially select the amount of tissue to be processed, attach the system to the patient and



the system may automatically aspirate the required tissue and separate and concentrate cells, e.g.,

LEC and/or pre-LECs in an uninterrupted sequence without further user input. The user may also

input the amount of cells, e.g., LEC and/or pre-LECs required and allow the system to aspirate the

requisite amount of tissue and process the tissue. In some embodiments, the fully automated system

can also include a system which is capable of being reconfigured based on a number of (e.g., two or

more) user input parameters, e.g., number of wash cycles, speed of centrifugation etc. In some

embodiments, the system can be configured to run in semi-automatic mode during which the system

goes through certain steps without user intervention but requires user intervention before certain

processes can occur. In other embodiments, the system can be a single integrated system that

displays instructions to guide the user to perform predetermined operations at predetermined times.

For example, the processing device can be configured to prompt users through the steps necessary

for proper insertion of tubing, chambers and other components of the system. Accordingly, the user

can ensure that the proper sequence of operations is being performed. In some embodiments, the

system is configured to require confirmation of each operational step by the user to prevent

inadvertent activation or termination of steps in the process. In a further embodiment, the system

may initiate automated testing to confirm correct insertion of tubing, chambers, absence of

blockages etc. In yet another embodiment, the system of the present invention can be configured to

be programmed to perform multiple separation and concentration processes through automated

control of tissue flow through the system. This feature may be useful, for example, during surgery

on a patient where tissue that would otherwise be lost is collected into the system, and LEC and/or

pre-LECs from the tissue are separated and concentrated and returned to the patient.

[0221] As set forth above, in some embodiments, components of the system can be

disposable (referred to herein as "disposable set(s)"), such that portions of the system can be

disposed of after a single use. Systems with disposable components can be useful to ensure that any

surface which comes in contact with the patient's tissue will be disposed of properly after being used.

An exemplary disposable set is illustrated in FIG. 13. In a preferred embodiment, the disposable

components of the system can pre-sterilized and packaged so as to be usable "off the shelf that are

easy to use and easy to load and that eliminate the need for many tubing connections and complex

routing of tubing connections. Such disposable components are relatively inexpensive to

manufacture, and therefore, do not create a substantial expense due to their disposal. In one

embodiment, the disposable system (referred to interchangeably herein as "disposable set(s)")

comprises, consists essentially of, or consists of, the collection chamber 20, the processing chamber



30, the waste chamber 40, the output chamber 50, the filter assemblies 36, the sample bag 60 and the

associated conduits 12 or tubing. In preferred embodiments of the disposable sets of the system, the

collection chamber 20 and the processing chamber 30 are connected by way of conduits 12 that are

housed in a rigid frame. In some embodiments, the rotating seal network (shown in FIGS. 7 & 8) of

a processing chamber 30 may also be housed in the same rigid frame. In another preferred

embodiment, the various chambers and containers of the disposable set can include the necessary

interfaces that are capable of communicating with the processing device of the system such that the

pumps, valves, sensors and other devices that automate the system are appropriately activated or de¬

activated as needed without user intervention. The interfaces also reduce the time and expertise

required to set up the system and also reduce errors by indicating how to properly set up the system

and alerting the user in the event of an erroneous setup.

[0222] In some embodiments, the disposable sets may include one or more needles or

syringes suitable for obtaining adipose or other tissue from the patient and returning LEC and/or pre-

LECs to the patient. The type number and variety of the needles and syringes included will depend

on the type and amount of tissue being processed. The disposable sets may further include one or

more rigid or flexible containers to hold washing fluids and other processing reagents used in the

system. For example, the disposable sets may comprise containers to hold saline, enzymes and any

other treatment or replacement fluids required for the procedure. In addition, suitable washing

solutions, re-suspension fluids, additives, agents or transplant materials can be provided with the

disposable sets for use in conjunction with the systems disclosed herein.

[0223] In some embodiments, the system components, equipment or supplies described

herein can be provided in the form of a kit. For example, in some embodiments, a kit can include,

e.g., the optimal length and gage needle for the syringe based liposuction and sterile syringes which

contain the preferred filter media which allows for the processing of small volumes of tissue. Other

exemplary equipment and supplies which are useful in the system described herein and which can be

included with the kits of the invention are listed in Tables 1 and 2 below.

[0224] Table 1 below identifies examples of supplies that can be used in to obtain

adipose derived regenerative cell in accordance with the systems and methods of the present

invention:

TABLE 1





[0225] In some embodiments, the system includes a re-usable component. The re-usable

component of the system can comprise, consist essentially of, or consist of an agitation mechanism

for the collection chamber, a pump, and assorted sensors which activate valves and pump controls, a

centrifuge motor, a rotating frame of the centrifuge motor, a user interface screen and USB ports, an

interlocking or docking device or configuration to connect the disposable set such that the disposable

set is securely attached to and interface with the re-usable hardware component and other associated

devices. An exemplary re-usable component is illustrated in FIG. 14. In some embodiments, the re

usable component includes a means for separating and concentrating the cells, e.g., regenerative

cells from a composition (e.g., a composition comprising a cell population of LEC and/or pre-LECs).

For example, in some embodiments, the re-usable component includes a rotating centrifuge. In this

embodiment, the re-usable component is designed connect to and interface with a portion of the

processing chamber (comprising a centrifuge chamber) of the disposable set as shown in FIG. 15A.

In some embodiments, the means for separating and concentrating cells (e.g., LEC and/or pre-LECs)

in the re-usable component is not limited to a rotating centrifuge but may also include any other

configuration described herein, including a spinning membrane filter. In some embodiments, the re¬

usable component can also house a processing device as described herein which contains pre¬

programmed software for carrying out several different tissue processing procedures and selectively

activating the various pumps and valves of the system accordingly. The processor can also include

data storage capability for storing donor/patient information, processing or collection information

and other data for later downloading or compilation. The re-usable component can be used with a

variety of disposable sets. Disposable and re-usable components can be connected through, e.g., an

interlocking device or configuration such that the disposable set is securely attached to and interfaces

with the re-usable hardware component in a manner that the processing device present on the re

usable component can control, i.e., send and receive signals to and from the various components of

the disposable set as well as various components of the re-usable component and other associated

devices and systems.

[0226] In a specific embodiment, the disposable component of the system can include a

collection chamber 20 which can accommodate about 800 mL of tissue; a processing chamber 30

configured to process the cell composition generated by about 800 mL of tissue washed and digested



in the collection chamber 20; an output chamber 50 which can accommodate at least 0.5 mL of cells

(e.g., regenerative cells); and a waster container 40 which can accommodate about 10 L of waste. In

this embodiment, the hardware device is no larger than 24"L x 18" W x 36"H. The skilled artisan

will readily appreciate, however, that the system can be configured with alternative dimensions of

the various components of the disposable sets as well as the hardware device.

[0227] An illustration of an exemplary disposable set assembled together with a re-usable

component is illustrated in FIG. 15A. In some embodiments, the system can be configured such that

it can detect an improperly loaded disposable component. For example, in some embodiments, the

components of each disposable set can have color-guided marks to properly align and insert the

tubing, chambers etc. into appropriate places in the system. In additional embodiments, the system

disclosed herein can be a portable unit. For example, the portable unit can be configured to be

moved from one location where adipose tissue harvesting has occurred, to another location for

adipose tissue processing. In certain other embodiments, the portable unit is suitable for harvesting

and processing of adipose tissue by a patient's bedside. In some embodiments, the portable unit can

be part of a system which can be moved from patient to patient. Accordingly, the portable unit can

be on wheels which lock in place and, thus, can be easily placed and used in a convenient location in

a stable and secure position throughout the procedure. In other embodiments, the portable unit can

be designed for set-up and operation on a flat surface such as a table top. The portable unit can also

be enclosed in a housing unit. The portable unit can also include hangers, hooks, labels, scales and

other devices to assist in the procedure. Each of the re-usable components of the system described

herein such as the centrifuge, processing device, display screen can be mounted on the portable unit

of the system.

[0228] In some embodiments, the system or cell processing device is configured such

that the user can connect the disposable set to the re-usable component, input certain parameters

using the user interface, e.g., the volume of tissue being collected, attach the system to the patient,

and the system automatically performs all of the steps shown in FIG. 4 in an uninterrupted sequence

using pre-programmed and/or user input parameters. One such sequence is illustrated in FIG. 15B.

Alternatively, the tissue may be manually aspirated from the patient by the user and transported to

system for processing, i.e., separation and concentration of regenerative cells.

[0229] A sensor 29 can signal the processing device present in the re-usable component

to activate the steps needed to wash and disaggregate the tissue. For example, the processing device

can introduce a pre-set volume of washing agent based on the volume of tissue collected using



automated valves and pumps. This cycle can be repeated in the collection chamber until the optical

sensor determines that the effluent liquid is sufficiently clear and devoid of unwanted material. For

example, an optical sensor 29 along the conduit 12b/12d leading out of the collection chamber can

be used to determine that the unwanted materials have been removed and can signal the processing

device to close the required valves and initiate the next step.

[0230] In some embodiments, the processing device can introduce a pre-programmed

amount of disaggregation agent based on the volume of tissue collected. The processing device may

also activate agitation of the tissue in the collection chamber for a preset period of time based on the

initial volume of tissue collected or based on user input. In the embodiment shown in FIG. 4, once

the disaggregation agent, e.g., collagenase, is added to the collection chamber 20 through the

collagenase source 24, the motor in the collection chamber 20 is activated via the processing device.

The motor activates the rotatable shaft 25 which is comprised of a magnetic stirrer and a paddle-like

device wherein one or more paddles 25a are rigidly attached to the filter cage 27 of a filter prefixed

to the collection chamber 28. The paddles agitate the in the presence of the disaggregation agent

such that the LEC and/or pre-LECs can be liberated from the tissue.

[0231] The solution in the collection chamber 20 is then allowed to settle for a preset

period of time. The buoyant portion of the solution is allowed to rise to the top of the solution. Once

the preset period of time elapses, the necessary valves and pumps are activated by the processing

device to remove the non-buoyant portion to the processing chamber30. The transfer into the

processing chamber 30 continues until a sensor 29 along the conduit 12b/12d leading out of the

collection chamber can detect that the buoyant fraction of the solution is about to be transferred to

the processing chamber 30. For example, a sensor 29 along the conduit 12b/12d leading out of the

collection chamber can be used to determine when to signal the processing device to close the

required valves.

[0232] At this time the non-buoyant fraction of the solution, i.e., the cell composition

comprising LEC and/or LEC regenerative cells, is moved to the processing chamber 30. This can be

accomplished through the use of the necessary valves and peristaltic pumps. In certain embodiments,

before transfer of the regenerative cell composition to the processing chamber 30, an additional

volume of saline may be added to the buoyant fraction of solution remaining in the collection

chamber 20, and another wash cycle may be performed. After this or sufficient additional wash

cycles, the solution is allowed to settle and the non-buoyant fraction (which contains the cell

population comprising LEC and/or pre-LECs) is transported to the processing chamber 30 and the



buoyant fraction is drained to the waste chamber 40. An additional wash cycle can optimize transfer

of all the separated cell population comprising LEC and/or pre-LECs to the processing chamber 30.

[0233] Once the cell composition comprising a population of cells that comprise LEC

and/or pre-LECs is transported to the processing chamber 30 by way of conduits 12, the composition

may be subjected to one or more additional washing steps prior to the start of the concentration

phase. This ensures removal of waste and residual contaminants from the collection chamber 20. As

described above, the composition can be subjected to treatment with one or more additives, e.g., with

a nuclease such as DNAse I, in one or more steps, while in processing chamber 30 or any other

chamber as appropriate. Following treatment, the additive can be removed by one or more washing

steps, e.g., centrifugation and resuspension in a different solution. Subsequent to a concentration

step, the cell composition comprising a cell population that comprises LEC and/or pre-LECs may be

subjected to one or more additional washing steps to remove residual contaminants. The unwanted

materials may be removed from the processing chamber 30 to the waste chamber 40 in the same

manner, i.e., control of valves and pumps via signals from the processing device, as described above.

[0234] The various embodiments of the processing chamber 30 shown in FlG. 4 are

described in detail below. The rotating seal network 30.1 is included to ensure that the fluid

pathways of the processing chamber can be maintained in a sterile condition. In addition, the fluid

pathways of the processing chamber can be accessed in a sterile manner (e.g., to add agents or

washing solution) at any time, even while the centrifuge chamber of the processing chamber is

spinning.

[0235] The rotating seal network 30.1 shown in FIGS. 7 and 8 includes a rotating shaft

comprised of two or more bearings 30.4, three or more lip seals 30.3, and an outer housing 30.2. In

this embodiment, the bearings 30.4 further comprise an outer and inner shaft (not shown) referred to

herein as races. These races may be separated by precision ground spheres. The races and spheres

comprising the bearings are preferably fabricated with material suitable for contact with bodily fluid,

or are coated with material suitable for contact with bodily fluid. In a preferred embodiment, the

races and spheres are fabricated using, for example, silicone nitride or zirconia. Furthermore, in this

embodiment, the three Hp seals can be in the form of a circular "U" shaped channel (not shown) as

well as a circular spring (not shown). The circular "U" shaped channel can be fabricated using

flexible material such that a leakage proof junction with the rotating shaft of the rotating seal

network 30. 1 is formed. In some embodiments, the lip seals can be oriented in a manner such that

pressure from the cell composition comprising LEC and/or pre-LECs flowing through the processing



chamber causes the seal assembly to tighten its junction with the rotating shaft by way of increased

tension. In some embodiments, the seals can be secured in position by way of one or more circular

clips (not shown) which are capable of expanding and/or collapsing as needed in order to engage a

groove in the outer housing 30.2 of the rotating seal network 30.1. The heat generated by or near the

rotating seal network 30.1 can be controlled to prevent lysis of the cells in the solution which is

being moved through the passage. This may be accomplished by, for example, selecting a hard

material for constructing the rotating shaft, polishing the area of the rotating shaft which comes in

contact with the seals and minimizing contact between the rotating shaft and the seal.

[0236] In another embodiment the rotating seal network 30. 1 can include a single rubber

seal 30.3 and an air gasket (not shown). This seal and gasket provide a tortuous path for any biologic

matter which could compromise the sterility of the system. In another embodiment the rotating seal

network 30.1 is comprised of multiple spring loaded seals 30.3 which isolate the individual fluid

paths. The seals 30.3 are fabricated of a material which can be sterilized as well as seal the rotating

shaft without lubricant. In another embodiment the rotating seal network 30.1 can include of a pair

of ceramic disks (not shown) which create the different fluid paths and can withstand the rotation of

the system and not cause cell lysis. In another embodiment the fluid pathway is flexible and is

allowed to wind and unwind with respect to the processing chamber. This is accomplished by having

the flexible fluid pathway rotate one revolution for every two revolutions of the processing chamber

30. This eliminates the need for a rotating seal altogether.

[0237] The cell composition comprising a cell population comprising LEC and/or pre-

LECs can be pumped from the collection chamber 20 along a fluid path through the axis of rotation

of the rotating seal network 30.1 and then divided into a minimum of two fluid pathways 30.5 each

of which radiate outward from the central axis of the processing chamber 30 and terminate near the

outer ends of the processing chamber 30, i.e., within the centrifuge chambers which house the output

chambers 50 (FIG. 7 and 8).

[0238] Accordingly, in a preferred embodiment, the processing chamber 30 can include

two or more output chambers 50 as shown in FIGS. 7 and 8. The output chambers 50 can be

positioned such that they are in one orientation during processing 30.7 and another orientation for

retrieval of concentrated cell populations comprising LEC and/or pre-LECs 30.8. For example, the

output changes are tilted in one angle during processing and another angle for cell retrieval. The cell

retrieval angle is more vertical than the processing angle. The two positions of the output chamber

50 can be manually manipulated through a frame 53 which protrudes out of the processing chamber



30. The concentrated cell population comprising LEC and/or pre-LECs can be manually retrieved

from the output chambers 50 when they are in the retrieval orientation 30.8 using a syringe. In

another embodiment, fluid path 30.5 is constructed such that it splits outside the processing chamber

and then connects to the outer ends of the processing chamber 30, i.e., within the centrifuge

chambers which house the output chambers 50 (not shown). In this embodiment, large volumes of

cell composition comprising LEC and/or pre-LECs and/or additives, solutions etc. can be transported

to the centrifuge chamber and/or the output chambers directly.

[0239] With reference to FIGS. 4 and 7-9, between the collection chamber 20 and the

processing chamber 30, a pump 34 and one or more valves 14 can be provided. In a preferred

embodiment, the valves 14 can be electromechanical valves. In addition, sensors, such as pressure

sensor 29, may be provided in line with the processing chamber 30 and the collection chamber 20.

The valves, pumps and sensors act in concert with the processing device present on the re-usable

component (FIG. 14) to automate the concentration steps of the system.

[0240] In some embodiments, sensors detect the presence of the cell composition

comprising LEC and/or pre-LECs in the centrifuge chambers and activate the centrifuge device

through communication with the processing device of the system. The cell composition is then

subjected to a pre-programmed load for a pre-programmed time based on the amount of tissue

originally collected and/or user input. In certain embodiments, this step may be repeated either

automatically or through user input. For example, the composition is subjected to a load of

approximately 400 times the force of gravity for a period of approximately 5 minutes. The output

chamber 50 is constructed such that the outer extremes of the chamber form a small reservoir for the

dense particles and cells. The output chamber 50 retains the dense particles in what is termed a "cell

pellet," while allowing the lighter supernatant to be removed through a fluid path, e.g., a fluid path

which is along the axis of rotation of the rotating seal network 30.1 and travels from the low point in

the center of the processing chamber 30 through the rotating seal network 30.1 to the waste container

40. The valves 14 and pumps 34 signal the processing device to activate steps to remove the

supernatant to the waste container 40 without disturbing the cell pellet present in the output chamber

50.

[0241] In some embodiments, the cell processing device or system also includes a testing

chamber. The testing chamber can be coupled to one or more of the chambers, e.g., a tissue

collection chamber, a cell processing chamber, a cell collection chamber, an output bag, or the like.

In preferred embodiments, the testing chamber is connected to the system via a conduit so as to



maintain a sterile, closed pathway. In some embodiments, the testing chamber can include a buffer

comprising a detectably labeled antibody to detect the presence or absence of markers that

differentiate LEC and/or LEC precursor cells from other cell types, e.g., FLT-4, and/or CD45, and/or

CD31, and/or CD34, and/or podoplanin, and/or LYVE-I, and/or Prox-1, etc. The testing chamber

can be coupled to solution input chambers, and to waste containers via conduits that maintain a

sterile, closed pathway.

[0242] The cell pellet that is obtained using the system shown in FIG. 4 comprises the

concentrated cell population comprising LEC and/or pre-LECs. In some embodiments, after the

supernatant is removed and directed to the waste chamber 40, a fluid path 30.5 may be used to re-

suspend the cell pellet that is formed after centrifugation with additional solutions and/or other

additives. Re-suspension of the cell pellet in this manner allows for further washing of the cells to

remove unwanted proteins and chemical compounds as well as increasing the flow of oxygen to the

cells. The resulting suspension may be subjected to another load of approximately 400 times the

force of gravity for another period of approximately 5 minutes. After a second cell pellet is formed,

and the resulting supernatant is removed to the waste chamber 40, a final wash in the manner

described above may be performed with saline or some other appropriate buffer solution. This

repeated washing can be performed multiple times to enhance the purity of the cell solution. In

certain embodiments, the saline can be added at any step as deemed necessary to enhance

processing. The concentrations of LEC and/or pre-LECs obtained using the system shown in FIG. 4

may vary depending on amount of tissue collected, patient age, patient profile etc.

[0243] The final pellet present in the output chamber 50 may then be retrieved in an

aseptic manner using an appropriate syringe after the output chamber 50 is positioned in the

orientation appropriate for cell removal. In other embodiments, the final pellet may be automatically

moved to a container in the in the output chamber 50 which may be removed and stored or used as

needed. This container may be in any appropriate form or size. For example, the container may be a

syringe. In further embodiments, the cell output can be moved to another container, e.g., collection

chamber 20, and mixed therein with other materials. In embodiments the output is mixed with

undigested or partially digested adipose tissue before being returned to the patient. In certain

embodiments, the output container 50 itself may be heat sealed (either automatically or manually)

and isolated from the other components of the processing chamber for subsequent retrieval and use

of the regenerative cells in therapeutic applications as described herein including re-infusion into the

patient. The cells may also be subject to further processing as described herein either prior to



retrieval from the output chamber or after transfer to a second system or device. The re-usable

component shown in FIG. 14 is constructed such that it can be connected to one or more additional

systems or devices for further processing as needed.

[0244] To obtain certain compositions in which the composition primarily contains one

type of cell (e.g., adipose tissue-derived LECs or adipose tissue-derived pre-LECs), any suitable

method for further separating the different cell types may be employed, such as the use of cell-

specific antibodies that recognize and bind antigens present on either cell type, gradient

sedimentation through a selective media (e.g., ficoll-hypaque), cell sorting (e.g., FACS) or filtration.

Similarly, LECs and pre-LECs may be isolated by use of negative selection approaches in which

other cells are specifically removed. For example, LEC-specific markers such as podoplanin or

FLT-4 or other markers may be used to immunoselect LECs and/or pre-LECs from the

heterogeneous cell population as described by Kriehuber, et al. (Kriehuber, et al., 2001). In some

embodiments, the obtained, refined, enriched, isolated, or purified adipose-derived cell population

comprising LECs and/or pre-LECs has a cell population that is greater than or equal to 0.5%- 1%, 1-

2%, 2%-4%, 4%-6%, 6%-8%, 8%-10%, 10%-20%, 20%-30%, 30%-40%, 40%-50%, 50%-60%,

60%-70%, 70%-80%, 80%-90%, or 90%- 100% LECs and/or pre-LECs, as compared to the total

adipose-derived cell population. Many other positive and negative selection approaches can be

utilized to isolate and purify LECs and pre-LECs, as described below. It is desired that after

obtaining, enriching, concentrating, isolating, or purifying an adipose-derived cell population

comprising LECs and/or pre-LECs, a measurement, analysis, or characterization of the cell

population to determine the presence or absence of said LECs and/or pre-LECs is made. Several

approaches to identify, measure, evaluate, or confirm the presence or absence of LECs and/or pre-

LECs in an adipose-derived cell population are provided in the following section.

Measuring LECs and/orpre-LECs in an isolated adipose-derived cellpopulation

[0245] A measurement, analysis, or characterization of said LECs and/or pre-LECs to

determine the presence of these cells in an adipose-derived cell population can be undertaken within

the closed system of a cell processing unit or outside of the closed system of a cell processing unit

using any number of protein and/or RNA detection assays available in the art. Additionally, the

measurement, analysis, or characterization of said LECs and/or pre-LECs can be part of or can

accompany the isolation procedure (e.g., cell sorting using an antibody specific for LECs and/or pre-

LECs or gradient separation using a media selective for LECs and/or pre-LECs).



[0246] In some embodiments the measurement or characterization of the isolated cell

population is conducted by detecting the presence or absence of a protein marker that is unique to

LECs and/or pre-LECs or is otherwise considered to confirm the presence of LECs and/or pre-LECs

by those of skill in the art. In addition to conventional Western blots using antibody probes specific

for said proteins or markers, immunoselection techniques that exploit on cell surface marker

expression can be performed using a number of methods known in the art and described in the

literature. Such approaches can be performed using an antibody that is linked directly or indirectly

to a solid substrate (e.g., magnetic beads) in conjunction with a manual, automated, or semi-

automated device as described by Watts, et al., for separation of CD34-positive cells (Watts, et al.,

2002, Variable product purity and functional capacity after CD34 selection: a direct comparison of

the CliniMACS (v2.1) and Isolex 300i (v2.5) clinical scale devices," Br J Haematol. 2002

JuI; 118(1): 117-23), by panning, use of a Fluorescence Activated Cell Sorter (FACS), or other

means.

[0247] Pre-LECs can be measured, characterized and quantified, e.g., by detection of

cells that express FLT-4 but express markers characteristic of terminally differentiated LECs, such

as CD31, at low levels or not at all. Thus, one phenotype that could include pre-LECs is the

phenotype FLT-4+/CD31 ". Pre-LECs can also be measured, characterized and quantified by

expression of FLT-4 and the presence of markers of immature cells such as CD 133 (Salven, et al.,

2003). (check the previous three sentences with respect to our current knowledge) It is recognized in

the art that these phenotypes might not identify all pre-LECs and that some cells with the above

phenotypes might not be LEC progenitors; rather, these phenotypes are used by way of example and

can be used as surrogate measures of actual pre-LEC frequency similar to the same way that

expression of the CD34 molecule on hematopoietic cells is frequently used as a surrogate measure of

hematopoietic stem cells (Bender, et al. 1991).

[0248] Separation, measurement, and characterization can also be achieved by positive

selection using antibodies that recognize cell surface markers or marker combinations that are

expressed by LECs and pre-LECs, but not by one or more of the other cell sub-populations present

within the cell population. Separation, measurement, and characterization can also be achieved by

negative selection, in which non-LECs and/or non-pre-LECs are removed from the isolated cell

population using antibodies or antibody combinations that do not exhibit appreciable binding to

LECs and pre-LECs. Markers that are specifically expressed by LECs and putative pre-LECs have

been described (for example by Kriehuber, et al., 2001), and include, e.g., CD45, CD 133, FLT-4,



D2-40, podoplanin, LYYE-I, and Prox-1. See, e.g., Breiteneder-Geleff, 2/1999, "Angiosarcomas

Express Mixed Endothelial Phenotypes of Blood and Lymphatic Capillaries," Am. J. Path. 154(2):

385-394; U.S. Pub. No. 2005/0271636; Wilting, et al., 8/2002, "The transcription factor Proxl is a

marker for lymphatic endothelial cells in normal and diseased human tissues," The FASEB J .

16:1271-1273; Podgrabinska, et al., 12/10/2002, "Molecular characterization of lymphatic

endothelial cells," PNAS 99(25): 16069- 16074; Chen, et al., 12/2005, "Novel Expression and

Characterization of Lymphatic Vessel Endothelial Hyaluronate Receptor 1 (LYVE-I) by

Conjunctival Cells," Invest. Ophthalmol. Vis. Sci. 46(12):4536-4540; Banerji, et al., (2/22/1999).

"LYVE-I, a New Homologue of the CD44 Glycoprotein, Is a Lymph-specific Receptor for

Hyaluronan." J. Cell. Bio. 144(4): 789-801, and; Garrafa et al., 2006, all incorporated herein by

reference. Examples of antibodies that could be used in negative selection include, but are not

limited to, markers expressed by red blood cells (glycophorin A) or endothelial cells (CD31 and VE

cadherin). There are many other antibodies well known in the art that could be applied to negative

selection. The relative specificity of FLT-4 for LECs and pre-LECs can also be exploited in a

purification and/or characterization or measurement strategy. For example, a fluorescently-labeled

FLT-4 ligand can be used in FACS-based sorting of cells, or an FLT-4 ligand conjugated directly or

indirectly to a solid substrate can be used to separate in a manner analogous to the immunoselection

approaches described above.

[0249] Measurement and characterization of the adipose-derived cell population to

determine the presence or absence of LECs and/or pre-LECs can also involve analysis of one or

more RNAs that encode a protein that is unique to or otherwise considered by those of skill in the art

to be a marker that indicates the presence or absence of an LEC and/or pre-LEC. In some

embodiments, for example, the isolated cell population or a portion thereof is analyzed for the

presence or absence of an RNA that encodes one or more of, e.g., FLT-4, and/or CD45, and/or

CD31, and/or CD34, and/or podoplanin, and/or LYVE-I, and/or Prox-1. The detection of said

RNAs can be accomplished by any techniques available to one of skill in the art, including but not

limited to, Northern hybridization, PCR-based methodologies, transcription run-off assays, gene

arrays, and gene chips.

[0250] The measurement and characterization of an adipose-derived cell population that

comprises LECs and/or pre-LECs can also include an analysis of the cell population's ability to form

lymphatic structures, e.g., lymphatic cords or lymphatic vessels in vitro or in vivo. For example, the

presence or absence of LECs and/or pre-LECs can be measured or evaluated in a cord formation



assay using the protocol set forth in Garrafa, et al., 2006, hereby expressly incorporated by reference

in its entirety. Briefly, an adipose-derived cell population isolated in accordance with a method

described herein can be placed in 200 µl of Cultrex BME (10 mg/ml) (Biodesign International, Saco,

MA) at 4°C in pre-chilled 24-well culture plates using sterile tips that are cooled to -20 0C before

use. After gentle agitation to insure coating, the plates are incubated for 1 hour at 37 0C to allow the

Cultrex BME to solidify. The isolated adipose-derived cell population is then seeded at a

concentration of 6 xlO4/well in EGM containing VEGF-C. The presence or absence of LECs and/or

pre-LECs in an isolated adipose-derived cell population prepared as described herein can be

measured, characterized, or otherwise confirmed by the appearance of cord or cord-like structures,

which will form after 24 hours of incubation.

[0251] By introducing said adipose-derived cell population that comprises LECs and/or

pre-LECs into an experimental animal and determining the presence or absence of expansion of

LECS and/or pre-LECs, formation of lymphatic vessels, or formation of lymphatic tissue, one can

also measure, characterize, and determine the presence or absence of LECs and/or Pre-LECs.

Whereas the measurement and analysis of expansion of an adipose-derived cell population that

comprises LECs and/or pre-LECs and formation of lymphatic vessels and lymphatic tissues in

rodents is contemplated, other animals are also suitable. For example, in some embodiments, an

approach used by Daniels, et al., (published online 1/2/03), "Regenerating lizard tails: A New Model

for Investigating Lymphangiogenesis," FASEB Journal express article 10.1096/fj.02-0579fje, hereby

expressly incorporated by reference in its entirety, is used to evaluate the presence or absence of an

adipose-derived cell population that comprises LECs and/or pre-LECs. By one approach, for

example, a regenerating lizard tail is used to evaluate, characterize, and measure lymphangiogenesis

in the presence and absence of an adipose-derived cell population that comprises LECs and/or pre-

LECs. Histological analysis (staining and video camera imaging) can be used visualize and count

lymphatic and blood vessel formation in the presence and absence of an adipose-derived cell

population that comprises LECs and/or pre-LECs.

[0252] The teachings of U.S. Pat. No. 6,689,352, hereby expressly incorporated herein by

reference in its entirety, can also be used to measure, characterize, or evaluate the presence or

absence of LECs and/or pre-LECs in an adipose-derived cell population. By one approach, for

example, a measurement of the increase in lymph vessel endothelial cell formation based on the

presence, quantity or distribution of VEGF receptor-3 in the presence and absence of an adipose-

derived cell population comprising LECS and/or pre-LECs is conducted. In the presence of LECs



and/or pre-LECs, a greater presence, quantity, and distribution of the VEGF receptor-3 will be seen.

A variety of methods known in the art for evaluating parameters indicative of lymphatic function are

also described, e.g., in U.S. Pat. App. Pub. No. 2006/0025338, hereby expressly incorporated by

reference in its entirety.

[0253] There are also a large number of methods, which can be used to compare

lymphatic vessel growth and architecture in experimental animals in the presence and absence of an

adipose-derived cell population that comprises LECs and/or pre-LECs. For example, lymphatic

vessels can be studied with the aid of lymphography. In lymphography, X-ray contrast medium is

injected directly into a lymphatic vessel. The contrast medium is distributed along the efferent

drainage vessels of the lymphatic system and is collected in the lymph nodes. The contrast medium

can stay for up to half a year in the lymph nodes, during which time X-ray analyses allow the follow-

up of lymph node size and architecture. This diagnostic has been used in cancer patients with

metastases in the lymph nodes and in lymphatic malignancies, such as lymphoma. The use of

radioactive tracers, e.g., in lymphoscintigraphy, can also be used. Preferably, a plurality of the

aforementioned measurements are conducted to determine the presence or absence of LECs and/or

pre-LECs in an isolated cell population.

Compositions comprising adipose-derived LECs and/orpre-LECs

[0254] In accordance with the aforementioned approaches, raw adipose tissue is

processed to substantially remove mature adipocytes and connective tissue thereby obtaining a

heterogeneous plurality of adipose tissue-derived cells comprising LECs and/or pre-LECs suitable

for placement within the body of a subject. The extracted LECs and/or pre-LECs and/or LEC

progenitors may be provided in a neat composition comprising these cells substantially free from

mature adipocytes and connective tissue or in combination with an inactive ingredient (e.g., a

carrier) or a second active ingredient (e.g., adipose-derived stem cell and/or adipose-derived

endothelial cell). The cells may be placed into the recipient alone or in combination (e.g., in a single

composition or co-administered) with biological materials, such as cells, tissue, tissue fragments, or

stimulators of cell growth and/or differentiation, supports, prosthetics, or medical devices. The

composition may include additional components, such as cell differentiation factors, growth

promoters (including FLT-4 ligands, e.g., as disclosed by Alitalo, et al., in U. S. Pat. No. 6,730,658),

immunosuppressive agents, or medical devices, as discussed herein, for example. In some

embodiments, the cells, with any of the above mentioned additives, are placed into the person from



whom they were obtained (e.g., autologous transfer) in the context of a single operative procedure

with the intention of providing a therapeutic benefit to the recipient.

[0255] Accordingly, aspects of the invention include compositions that comprise, consist,

or consist essentially of a refined, enriched, concentrated, isolated, or purified adipose-derived cell

population comprising LECs and/or pre-LECs and mixtures of these cells with a biological material,

additive, support, prosthetic, or medical device, including but not limited to, unprocessed adipose

tissue, collagen matrix or support, cell differentiation factors, growth promoters, immunosuppressive

agents, processed adipose tissue containing adipose-derived stem cells and/or progenitor cells, and

cell populations already containing an enriched amount of LECs and/or pre-LECs. In some

embodiments, the aforementioned compositions comprise an amount or concentration of refined,

isolated, or purified adipose-derived LECs and/or pre-LECs that is greater than or equal to 0.5%-l%,

1-2%, 2%-4%, 4%-6%, 6%-8%, 8%-10%, 10%-20%, 20%-30%, 30%-40%, 40%-50%, 50%-60%,

60%-70%, 70%-80%, 80%-90%, or 90%- 100% LECs and/or pre-LECs, as compared to the total

adipose-derived cell population. In some embodiments, the adipose-derived LEC and/or pre-LEC

cells express an amount of, e.g., FLT-4, and/or CD45, and/or CD31, and/or CD34, and/or

podoplanin, and/or LYVE-I , and/or Prox-1 .

[0256] In some embodiments, the adipose-derived cell population that comprises LECs

and/or pre-LECs described herein is formulated in compositions that include at least one

pharmaceutically acceptable diluent, adjuvant, or carrier substance, using any available

pharmaceutical chemistry techniques. Generally, this entails preparing compositions that are

essentially free of impurities that could be harmful to humans or animals.

[0257] Appropriate salts and buffers can be employed to stabilize and to facilitate uptake

of the adipose-derived cell population that comprises LECs and/or pre-LECs. Compositions

contemplated herein can comprise an effective amount of the LECs or pre-LECs in a

pharmaceutically acceptable carrier or aqueous medium.

[0258] Administration of the compositions described herein can be via any common

route so long as the target tissue is available via that route. Compositions administered according to

the methods described herein may be introduced into the subject by, e.g., by intravenous,

intradermal, intramuscular, intramammary, intraperitoneal, intrathecal, retrobulbar, intrapulmonary

(e.g., term release); by oral, sublingual, nasal, anal, vaginal, or transdermal delivery, or by surgical

implantation at a particular site. The introduction may consist of a single dose or a plurality of doses

over a period of time. Vehicles for cell therapy agents are known in the art and have been described



in the literature. See, for example Remington's Pharmaceutical Sciences, 18th Ed. (1990, Mack

Publ. Co, Easton Pa. 18042) pp 1435-1712, incorporated herein by reference. Sterile solutions are

prepared by incorporating the adipose-derived cell population that comprises LECs and/or pre-LECs

in the required amount in the appropriate buffer with or without various of the other components

described herein.

[0259] Combination therapy with any two or more agents described herein also is

contemplated as an aspect of the invention. Similarly, every combination of agents described herein,

packaged together as a new kit, or formulated together as a single composition, is considered an

aspect of the invention. Compositions for use according to aspects of the invention preferably

include the adipose-derived cell population that comprises LECs and/or pre-LECs formulated with a

pharmaceutically acceptable carrier. The cells can also be applied with additives to enhance, control,

or otherwise direct the intended therapeutic effect. For example, in some embodiments, the adipose-

derived cell population that comprises LECs and/or pre-LECs can be further purified by use of

antibody-mediated positive and/or negative cell selection to enrich the cell population to increase

efficacy, reduce morbidity, or to facilitate ease of the procedure. Similarly, cells can be applied with

a biocompatible matrix, which facilitates in vivo tissue engineering by supporting and/or directing

the fate of the implanted cells. In the same way, cells can be administered following genetic

manipulation such that they express gene products that are believed to or are intended to promote the

therapeutic response provided by the cells. Examples of manipulations include manipulations to

control (increase or decrease) expression of factors promoting lymphangiogenesis (for example

VEGF-C) or expression of developmental genes promoting differentiation (for example Prox-1).

[0260] The adipose-derived cell population that comprises LECs and/or pre-LECs can be

applied alone or in combination with other cells, tissue, tissue fragments, growth factors such as

VEGF-C and other known lymphangiogenic growth factors, biologically active or inert compounds,

resorbable plastic scaffolds, or other additive intended to enhance the delivery, efficacy, tolerability,

or function of the population. The adipose-derived cell population that comprises LECs and/or pre-

LECs can also be modified by insertion of DNA or by placement in cell culture in such a way as to

change, enhance, or supplement the function of the cells for derivation of a structural or therapeutic

purpose.

[0261] A number of molecules have been reported to be involved in LEC differentiation,

including, but not limited to, VEGF-C, VEGF-D, VEGFR-3, Prox-1, Syk/SLP76, podoplanin, Ang-

2, Nrp2, FOXC2, etc. In addition, the importance of extracellular matrix (ECM) molecules in



lymphangiogenesis, and molecules including hyaluronan, integrins, reelin, IL-7, and matrix

metalloproteinases in LEC growth, migration, tube formation and survival, have been reported.

(See, e.g., Ji, R. C , 2006, "Lymphatic Endothelial Cells, Lymphangiogenesis, and Extracellular

Matrix," Lymphat. Res. Biol. 4(2):83-100.) In some embodiments, one or more of these molecules

is used to enhance or modify the activity of the cells, e.g., by use in culture of the cells or by co¬

administration.

[0262] In more embodiments, the adipose-derived cell population that comprises LECs

and/or pre-LECs are combined with a gene encoding a pro-drug converting enzyme which allows

cells to activate pro-drugs within the site of engraftment, that is, within a tumor. Addition of the

gene (or combination of genes) can be by any technology known in the art including but not limited

to adenoviral transduction, "gene guns," liposome-mediated transduction, and retrovirus or

lentivirus-mediated transduction, plasmid, or adeno-associated virus. Cells can be implanted along

with a carrier material bearing gene delivery vehicle capable of releasing and/or presenting genes to

the cells over time such that transduction can continue or be initiated in situ. Particularly when the

cells and/or tissue containing the cells are administered to a patient other than the patient from whom

the cells and/or tissue were obtained, one or more immunosuppressive agents can be administered to

the patient receiving the cells and/or tissue to reduce, and preferably prevent, rejection of the

transplant.

[0263] Still more embodiments concern the ex vivo transfection of an adipose-derived

cell population that comprises LECs and/or pre-LECs and subsequent transfer of these transfected

cells to subjects. It is contemplated that such embodiments can be an effective approach to

upregulate in vivo levels of the transferred gene and for providing relief from a disease or disorder

resulting from under-expression of the gene(s) or otherwise responsive to upregulation of the gene

(see e.g., Gelse, et al., 2003, "Articular cartilage repair by gene therapy using growth factor-

producing mesenchymal cells," Arthritis Rheum. 48:430-41; Huard, et al, 2002, "Muscle-derived

cell-mediated ex vivo gene therapy for urological dysfunction," Gene Ther. 9:1617-26; Kim, et al.,

2002, "Ex vivo gene delivery of IL-IRa and soluble TNF receptor confers a distal synergistic

therapeutic effect in antigen-induced arthritis," MoI. Ther. 6:591-600, all incorporated herein by

reference). Delivery of an adipose-derived cell population that comprises LECs and/or pre-LECs to

appropriate cells is effected ex vivo, in situ, or in vivo by use of vectors, and more particularly viral

vectors (e.g., adenovirus, adeno-associated virus, or a retrovirus), or ex vivo by use of physical DNA

transfer methods (e.g., liposomes or chemical treatments). See, for example, Anderson, 1998,



"Human Gene Therapy," Nature Suppl. to vol. 392 (6679):25-20, incorporated by reference herein.

Gene therapy technologies are also reviewed by Friedmann, 1989, "Progress toward human gene

therapy," Science 244(4910): 1275-1281, Verma (1990), "Gene therapy." Scientific American

263(5): 68-84, and Miller (1992), "Human gene therapy comes of age," Nature, 357:455-460, all

incorporated by reference herein. An adipose-derived cell population that comprises LECs and/or

pre-LECs can be cultured ex vivo in the presence of an additive (e.g., a compound that induces

differentiation or lymphatic vessel formation) in order to proliferate or to produce a desired effect on

or activity in such cells. Treated cells can then be introduced to a subject.

[0264] In some embodiments, the ex vivo gene therapy is conducted locally, e.g., to the

site of edema. For example, by using catheter-mediated transfer an adipose-derived cell population

that comprises LECs and/or pre-LECs can be transferred into a lymphatic vessel of the mammalian

subject. Materials and methods for local delivery are reviewed, e.g., in Lincoff, et al. (1994), "Local

drug delivery for the prevention of restenosis. Fact, fancy, and future," Circulation, 90: 2070-2084,

hereby expressly incorporated by reference. For example, adipose-derived cell population that

comprises LECs and/or pre-LECs can be provided to a subject by an infusion-perfusion balloon

catheter (preferably a microporous balloon catheter), such as those that have been described in the

literature for intracoronary drug infusions. See, e.g., U.S. Pat. No. 5,713,860 (Intravascular Catheter

with Infusion Array); U.S. Pat. No. 5,087,244; U.S. Pat. No. 5,653,689; Wolinsky, et al. (1990)

(Wolinsky Infusion Catheter), "Use of a perforated balloon catheter to deliver concentrated heparin

into the wall of the normal canine artery," J. Am. Coll. Cardiol. 15: 475-481 ; and Lambert et al.,

1993, "Local drug delivery catheters: functional comparison of porous and microporous designs,"

Coron. Artery Dis. 4 : 469-475; all of which are incorporated herein by reference in their entirety.

Use of such catheters for site-directed somatic cell gene therapy is described, e.g., in Mazur, et al.,

1994, "Coronary restenosis and gene therapy," Texas Heart Institute Journal 21: 104-1 11, hereby

expressly incorporated by reference.

[0265] Aspects of the invention also concern the ex vivo transfection of LECs or pre-

LECs with a gene encoding a therapeutic polypeptide, and administration of the transfected cells to

the mammalian subject. Procedures for seeding a vascular graft with genetically modified

endothelial cells are described in, e.g., U U. S. Pat. No. 5,785,965, "VEGF gene transfer into

endothelial cells for vascular prosthesis," hereby expressly incorporated by reference in its entirety.

[0266] U.S. Pat. App. Pub. No. 2006/0088532, titled "Lymphatic and blood endothelial

cell genes," provides methods for transforming cells with genes for use in treating impaired



lymphatic function, and lists, inter alia, selected classes of genes differentially expressed in BECs

and LECs, and a list of LEC-specific genes (Tables 1 and 2, respectively). For example, hereditary

lymphedema with distichiasis has been attributed to mutations in the FOXC2 gene, and a predictive

mutational model reported by Berry, et al., 2005, "The Establishment of a Predictive Mutational

Model of the Forkhead Domain through the Analyses of FOXC2 Missense Mutations Identified in

Patients with Hereditary Lymphedema with Distichiasis," Human Molecular Genetics 14(18):2619-

2627. Screening and therapy for hereditary lymphatic disorders is also described in, e.g., U. S. Pat.

App. Pub. No. 2003/026759, "Screening and Therapy for Lymphatic Disorders Involving the FLT-4

Receptor Tyrosine Kinase (VEGF-R3)," hereby expressly incorporated by reference. It is

contemplated that any one or more of the aforementioned genes can be expressed in an adipose-

derived cell population that comprises LECs and/or pre-LECs.

[0267] In some embodiments, the administering step comprises implanting a prosthetic

or medical device (e.g., intravascular stent ) in the mammalian subject, where the stent is coated or

impregnated with an adipose-derived cell population that comprises LECs and/or pre-LECs.

Exemplary materials for constructing valves, stents or grafts coated or seeded with transfected

endothelial cells are described in Pavcnik, et al., 2004, "Second-generation percutaneous

bioprosthetic valve: a short-term study in sheep," Eur. J. Endovasc. Surg. 40:1223-1227, and Arts,

et al., 2002, "Contaminants from the Transplant Contribute to Intimal Hyperplasia Associated with

Microvascular Endothelial Cell Seeding," Eur. J. Endovasc. Surg. 23:29-38, incorporated herein by

reference. See also U. S. Pat. App. Ser. No. 11/317,422, entitled CELL-LOADED PROSTHESIS

FOR REGENERATIVE INTRALUMINAL APPLICATIONS, filed December 22, 2005,

incorporated herein by reference. For example, in one variation, a synthetic valve that comprises an

adipose-derived cell population that comprises LECs and/or pre-LECs is sutured to a square stainless

steel stent. The square stent has a short barb at each end to provide anchors for the valve during

placement, and the submucosa membrane is slit at the diagonal axis of the stent to create the valve

opening.

[0268] Surfaces of the synthetic valve can be coated with a transfected or non-transfected

adipose-derived cell population that comprises LECs and/or pre-LECs, e.g., by placing the synthetic

valve in an appropriate cell culture medium for 1-3 days prior to implantation to allow for complete

coverage of valve surface with the cells.

[0269] In another embodiment, the administering step comprises implanting an

intravascular stent in the mammalian subject, where the stent is coated or impregnated, as described



in literature cited above and reviewed in Lincoff, et al., 1994. A metal or polymeric wire for

forming a stent is coated with a composition such as a porous biocompatible polymer or gel that is

impregnated with (or can be dipped in or otherwise easily coated immediately prior to use with) a

transfected or non-transfected adipose-derived cell population that comprises LECs and/or pre-

LECs. The wire is coiled, woven, or otherwise formed into a stent suitable for implantation into the

lumen of a vessel using conventional materials and techniques, such as intravascular angioplasty

catheterization. Exemplary stents that may be improved in this manner are described and depicted in

U. S. Pat. Nos. 5,800,507 and 5,697,967 (Medtronic, Inc., describing an intraluminal stent

comprising fibrin and an elutable drug capable of providing a treatment of restenosis); U. S. Pat. No.

5,776,184 (Medtronic, Inc., describing a stent with a porous coating comprising a polymer and a

therapeutic substance in a solid or solid/solution with the polymer); U. S. Pat. No. 5,799,384

(Medtronic, Inc., describing a flexible, cylindrical, metal stent having a biocompatible polymeric

surface to contact a body lumen); and U. S. Pat. Nos. 5,824,048, 5,679,400 and 5,779,729; all of

which are hereby expressly incorporated herein by reference in their entirety.

[0270] As disclosed herein, the adipose-derived cell population that comprises LECs

and/or pre-LECs may be provided to the subject, or applied directly to the damaged tissue, or in

proximity to the damaged tissue, without further processing or following additional procedures to

further purify, modify, stimulate, or otherwise change the cells. For example, the cells obtained

from a patient may be provided back to said patient without culturing the cells before administration.

In several embodiments, the collection and processing of adipose tissue, as well as, administration of

the adipose-derived cell population that comprises LECs and/or pre-LECs is performed at a patient's

bedside. In a preferred embodiment the cells are extracted from the adipose tissue of the person into

whom they are to be implanted, thereby reducing potential complications associated with antigenic

and/or immunogenic responses to the transplant. However, the use of cells extracted from another

individual is also contemplated.

[0271] In accordance with the invention herein disclosed, the adipose tissue-derived cells

can be delivered to the patient soon after harvesting the adipose tissue from the patient. For

example, the cells may be administered immediately after the processing of the adipose tissue to

obtain a composition of adipose tissue-derived stem cells. In one embodiment, the preferred timing

of delivery should take place on the order of hours to days after diagnosis of edema or of a procedure

likely to place the patient at risk for developing edema. In another embodiment, the harvest and, in

certain cases the treatment, can take place in advance of a procedure likely to induce a lymphatic



disorder or edema. Ultimately, the timing of delivery will depend upon patient availability and the

time required to process the adipose tissue. In another embodiment, the timing for delivery may be

relatively longer if the cells to be delivered to the patient are subject to additional modification,

purification, stimulation, or other manipulation, as discussed herein. Furthermore, the adipose-

derived cell population that comprises LECs and/or pre-LECs may be administered multiple times.

For example, the cells may be administered continuously over an extended period of time (e.g.,

hours), or may be administered in multiple injections extended over a period of time. In certain

embodiments, an initial administration of the adipose-derived cell population that comprises LECs

and/or pre-LECs will be administered within about 12 hours after diagnosis of lymphatic disease or

disorder or performance of a procedure likely to induce development of lymphatic insufficiency,

such as at 6 hours, and one or more doses of cells will be administered at 12 hour intervals.

[0272] The number of the adipose-derived cell population that comprises LECs and/or

pre-LECs administered to a patient may be related to the cell yield after adipose tissue processing.

In addition, the dose delivered will depend on the route of delivery of the cells to the patient. Fewer

cells may be needed when intra-lymphatic delivery systems are employed, as these systems and

methods can provide the most direct pathway for treating lymphatic conditions. The cell dose

administered to the patient will also be dependent on the amount of adipose tissue harvested and the

body mass index of the donor (as a measure of the amount of available adipose tissue). The amount

of tissue harvested will also be determined by the extent of the injury or insufficiency. Multiple

treatments using multiple tissue harvests or using a single harvest with appropriate storage of cells

between applications are within the scope of this invention.

[0273] A portion of the total number of cells may be retained for later use or

cryopreserved. Portions of the processed adipose tissue may be stored before being administered to a

patient. For short term storage (e.g., less than 6 hours) cells may be stored at or below room

temperature in a sealed container with or without supplementation with a nutrient solution. Medium

term storage (e.g., less than 48 hours) is preferably performed at 2-8°C in an isosmotic, buffered

solution (for example Plasmalyte®) in a container composed of or coated with a material that

prevents cell adhesion. Longer term storage is preferably performed by appropriate cryopreservation

and storage of cells under conditions that promote retention of cellular function, such as disclosed in

PCT App. No. PCT/US02/29207, filed September 13, 2002 and U.S. Pat. App. Ser. No. 60/322,070,

filed September 14, 2001, the contents of both of which are hereby expressly incorporated by

reference.



[0274] In some embodiments, the amount of adipose derived cells (e.g., an enriched,

concentrated, isolated, or purified population of the adipose-derived cells comprising LECs and/or

pre-LECs), which is provided to a subject in need thereof is greater than or equal to about 10,000,

20,000, 30,000, 40,000, 50,000, 60,000, 70,000, 80,000, 90,000, 100,000, 110,000, 120,000,

130,000,140,000, 150,000, 160,000, 170,000, 180,000, 190,000, or 200,000 cells and the amount of

LECs and/or pre-LECs in said population of adipose derived cells can be greater than or equal to

0.5%- 1%, 1-2%, 2%-4%, 4%-6%, 6%-8%, 8%-10%, 10%-20%, 20%-30%, 30%-40%, 40%-50%,

50%-60%, 60%-70%, 70%-80%, 80%-90%, or 90%- 100% of the total population of adipose derived

cells. The dose can be divided into several smaller doses, e.g., for administering over a period of

time or for injection into different parts of the affected tissue, e.g., by local injection. However, this

dosage can be adjusted by orders of magnitude to achieve the desired therapeutic effect.

[0275] The cells can also be subjected to cell culture on a scaffold material prior to being

implanted. Thus, tissue engineered valves, lymph vessels, and other structures such as lymph nodes

could be synthesized on natural or synthetic matrices or scaffolds using ADC prior to insertion or

implantation into the recipient.

[0276] Many routes of administration can be suitable for the therapeutics described

herein. In some variations, oral, intravenous, intraarterial, and other systemic administrations are

used. In some variations, local delivery to an edematous limb or other portion of the body, such as

administered subcutaneously at a site of edema, is contemplated.

[0277] In some embodiments, direct administration of cells to the site of intended benefit

is preferred. This can be achieved by local injection into the tissue, direct injection into a lymph

node or lymph vessel, the spleen, through insertion of a suitable cannula, by arterial or venous

infusion (including retrograde flow mechanisms) or by other means disclosed herein or known in the

art.

[0278] The adipose-derived cell population that comprises LECs and/or pre-LECs can be

applied by several routes including systemic administration by venous or arterial infusion (including

retrograde flow infusion) or by direct injection into the lymphatic system. Systemic administration,

particularly by peripheral venous access, has the advantage of being minimally invasive relying on

the natural transport of cells from the blood to the lymph. The adipose-derived cell population that

comprises LECs and/or pre-LECs can be injected in a single bolus, through a slow infusion, or

through a staggered series of applications separated by several hours or, provided cells are

appropriately stored, several days or weeks. The adipose-derived cell population that comprises



LECs and/or pre-LECs can also be applied by use of catheterization such that the first pass of cells

through the area of interest is enhanced by using balloons to manage lymph flow. As with peripheral

venous access, the adipose-derived cell population that comprises LECs and/or pre-LECs may be

injected through the catheters in a single bolus or in multiple smaller aliquots. Cells can also be

injected into interstitial space.

[0279] As previously set forth above, in a preferred embodiment, the adipose-derived cell

population that comprises LECs and/or pre-LECs is administered directly into the patient. In other

words, the active cell population (e.g., the LECs, LEC progenitors, stem cells and/or combinations

thereof) are administered to the patient without being removed from the system or exposed to the

external environment of the system before being administered to the patient. Providing a closed

system reduces the possibility of contamination of the material being administered to the patient.

Thus, processing the adipose tissue in a closed system provides advantages over existing methods

because the active cell population is more likely to be sterile. In some embodiments, the only time

the adipose-derived cell population that comprises LECs and/or pre-LECs are exposed to the

external environment, or removed from the system, is when the cells are being withdrawn into an

application device and administered to the patient. In other embodiments, the application device can

also be part of the closed system. Accordingly, a complete closed system is maintained from

removal of the adipose tissue from the subject (e.g., cannula) to introduction to the subject (e.g.,

application device). Thus, the cells used in these embodiments are may be processed for culturing or

cryopreservation and may be administered to a patient without further processing, or may be

administered to a patient after being mixed with other tissues, cells, or additives.

[0280] In other embodiments, at least a portion of the adipose-derived cell population

that comprises LECs and/or pre-LECs can be stored for later implantation/infusion. The population

may be divided into more than one aliquot or unit such that part of the population of cells is retained

for later application while part is applied immediately to the patient. Moderate to long-term storage

of all or part of the cells in a cell bank is also within the scope of this invention, as disclosed in U.S.

Pat. App. Ser. No. 10/242,094, entitled PRESERVATION OF NON EMBRYONIC CELLS FROM

NON HEMATOPOIETIC TISSUES, filed September 12, 2002, which claims the benefit of U.S.

App. Ser. No. 60/322,070, filed September 14, 2001, the contents of both expressly incorporated

herein by reference. At the end of processing, the concentrated cells may be loaded into a delivery

device, such as a syringe, for placement into the recipient by any means known to one of ordinary



skill in the art. The adipose-derived cell population that comprises LECs and/or pre-LECs with or

without an additive can be used in several therapeutic methods as described in the following section.

Therapeutic methods

[0281] Aspects of the invention concern methods of tissue transplantation, methods of

inducing expansion of lymphatic vessels, and methods of treatment of various lymphatic diseases,

which entail providing an adipose-derived cell population that comprises LECs and/or pre-LECs to a

subject that has been identified as one in need of tissue transplantation, an induction of lymphatic

vessels, and/or a subject suffering from a lymphatic disease. The identification of a subject in need

of a tissue transplantation, an induction of expansion of lymphatic vessels, or treatment of a

lymphatic disease (e.g., a patient suffering from a disease of the lymphatic system) can be

accomplished by a clinician or physician using evaluation techniques known in the field of medicine

(e.g., biopsy, clinical evaluation, and diagnostic procedures). Evaluation methods are described in,

e.g., U. S. Pat. App. Pub. 2006/0025338, including: examination of tissue biopsies, e.g., for the

presence of tortured lymphatic vessels and/or the presence of SMCs/PCs through appropriate

microscopy techniques; identification of markers for lymphatic endothelia, SMCs/PCs, and other

cell types; immunohistochemistry and fluorescence microlymphangiography to assay for arterial

endothelial cell markers including ephrinB2, notch l-notch4, jagged 1, Di l l , D l 14, transcription

factors Heyl and Hey2, hyaluronan receptor CD44, and neuropilin-1, venous endothelial cell

markers including EphB4 and neuropilin-2, lymphatic endothelial markers including VEGFR-3 and

LYVE-I, podoplanin and PROXl ; computed tomography (CT) to show the presence of edema; X-

ray lymphography involving the injection of a substance into the lymphatic vessels and viewing by

X-ray; assessing capillary density using simultaneous dual-site fluorescence angiography

(fluorescence microlymphography FML); measuring the diameter of lymphatic vessels using FML;

computer analysis of images generated by FML; isotope lymphography (lymphoscintigraphy or

lymphangioscintigraphy), to provide images of lymphatics and lymph nodes as well as quantitative

data on tracer (lymph) transport; direct oil contrast lymphography; non-invasive duplex-Doppler

studies; phlebography to examine the deep venous system; magnetic resonance imaging;

ultrasonography, indirect (water soluble) lymphography; lymph node biopsy; CVI diagnosis based

on physical examination; and Doppler bidirectional flow studies and Doppler color-flow studies.

[0282] Other methods to identify a subject in accordance with the methods provided

herein include the teachings of U. S. Pat. App. Pub. No. 2004/0127790, titled "Measurement of



Capillary Related Interstitial Fluid Using Ultrasound Methods and Devices," herein expressly

incorporated by reference, which describes the use of ultrasound to measure capillary related

interstitial fluid. Accordingly, the methods as described can be used for continuous or intermittent

monitoring, and applied to assessment of cardiac, renal, capillary and hepatic function. U. S. Pat.

No. 5,957,861, "Impedance Monitor For Discerning Edema Through Evaluation Of Respiratory

Rate," incorporated herein by reference, describes an implantable device that measures electrical

impedence in tissue to evaluate edema. Methods for screening patients for genetic mutations

associated with or responsible for lymphatic dysfunction, whether or not the patients are

symptomatic, are described in, e.g., U. S. Pat. App. Pub. No. 2006/0088532, "Lymphatic and Blood

Endothelial Cell Genes," incorporated herein by reference. U. S. Pat. No. 5,1 14,703, incorporated

herein by reference in its entirety, describes the use of contrast agents of a smaller size that are

suitable for use in imaging, which agents are in particulate form and are adapted to be preferentially

taken up by the lymphatic system upon percutaneous administration. This patent discloses as

contrast agents, e.g. radiopaque materials, MRI imaging agents, and ultrasound imaging agents. Any

one or a combination of the aforementioned approaches can be used to identify a subject in need of

tissue transplantation, an induction of lymphatic vessels, and/or a subject suffering from a lymphatic

disease. Methods of screening for an endothelial cell disorder in a mammalian subject are also

known. Evaluation can be performed by measuring the growth rate of the cells and correlating the

growth rate with a disorder. The growth rate determined in the method is the rate of cell division per

unit time, determined by any one of a number of techniques known in the art. The correlation of the

growth rate with a disorder can involve a positive or negative correlation.

[0283] Once a subject in need is identified, the identified subject is provided a

therapeutically effective amount of an adipose-derived cell population that comprises LECs and/or

pre-LECs. In some embodiments, a method of treating a patient includes steps of: a) providing a

tissue removal system; b) removing adipose tissue from a patient using the tissue removal system,

the adipose tissue having a concentration of therapeutic cells; c) processing at least a part of the

adipose tissue to obtain a concentration of therapeutic cells other than the concentration of

therapeutic cells of the adipose tissue before processing; and d) administering the therapeutic cells

to a patient without removing the therapeutic cells from the tissue removal system before they are

ready to be administered to the patient using several methods known to one of ordinary skill in the

art, including but not limited to, injection into lymph nodes, into the lymphatic vessels, into the

blood system, and into tissues and tissue space.



[0284] In some embodiments, an adipose-derived cell population that comprises LECs

and/or pre-LECs used to treat conditions, diseases, and disorders of the lymphatic system. Adipose

tissue-derived cells of the invention have properties that can contribute to modulating expansion,

repair, or regeneration of lymph vessels. These properties include, among other things, the ability to

synthesize and secrete growth factors that modulate LEC expansion, as well as the ability to

proliferate and differentiate into cells directly participating in lymphangiogenesis. The methods and

compositions described herein can also be used to modulate re-growth or permeability of lymphatic

vessels in, for example, organ or tissue transplant patients. LECs, LEC progenitors and/or pre-LECs

can be used to mitigate the loss of axillary lymphatic vessels following surgery in cancer patients,

e.g., breast cancer patients. Changes in lymph flow caused by radiation therapy can also be treated

using the methods of the invention. The methods and compositions described herein can be useful in

treating or preventing inflammation, edema, or aplasia of the lymphatic vessels, lymphatic

obstruction, elephantiasis, and Milroy's disease. LECs, LEC progenitors and/or pre-LECs can

further be used to stimulate lymphocyte production and maturation, and to promote or inhibit

trafficking of leukocytes between tissues and lymphatic vessels or to affect migration in and out of

the thymus.

[0285] Conditions specifically contemplated for treating using the methods described

herein include, but are not limited to: obesity; lymphatic vessel aplasia; edema; lymphatic vessel loss

or damage due to surgical intervention; lymphatic vessel loss, damage or deficiency due to organ or

tissue transplant; reduced lymphatic vessel function due to lymphatic vessel blockage; lymphatic

vessel occlusion; elephantiasis; cardiovascular disease; heart disease; chronic granulomatous disease

(CGD); lymphatic malignancies, including Hodgkin's Disease, non-Hodgkin's lymphoma, and

Castleman Disease; non-lymphatic malignancies, including breast cancer, ovarian cancer, colorectal

cancer, lung cancer, liver cancer, stomach cancers, pancreatic cancer, and CNS cancer.

[0286] Myocardial edema can result in compromised cardiac function (see, e.g.,

Mehlhorn, et al., 2001, "Myocardial Fluid Balance," Eur. J . Cardio-thoracic Surg. 20:1220-1230).

Causes of myocardial edema include cardiac surgery, e.g., cardiopulmonary bypass and cardioplegia,

as well as myocardial ischemia, arterial hypertension, pulmonary hypertension, and cardiac

transplantation. Some of the methods described herein can be used to increase lymphatic function

either directly, e.g., through cell engraftment, or indirectly, e.g., by secreting factors that stimulate

growth or activity of the existing lymphatic system. Secreted factors can act on host cells and/or

cells administered according to the methods of the invention. Regenerative cells can be



administered by methods described in the art and herein, e.g., by intracoronary or intramyocardial

injection. In disorders where damage to the blood vessel endothelial cells results in increased vessel

permeability, the cells of the invention can penetrate the blood vessel walls to enter the surrounding

tissue.

[0287] Some of the methods described herein can be used in conjunction with tissue or

cell transplantation (e.g., pancreatic islet transplantation) to expedite the formation of lymphatics in

and around the transplant. Depending on the type of tissue or cells to be transplanted, lymphatic

regenerative cells can be provided with the transplant material as a mixture or they can be

administered separately by other methods described herein and in the literature, e.g., intravenously,

subcutaneously, intraarterially, etc. Additives, e.g., growth factors and immunosuppressive agents,

can be co-administered as desired. Administration of the additives as well as the adipose-derived

cell population that comprises LECs and/or pre-LECs can take place before, during or after the tissue

transplantation procedure. The adipose-derived cell population that comprises LECs and/or pre-

LECs can also be administered via a scaffold, e.g., a resorbable scaffold known in the art.

[0288] The methods described herein are contemplated for use in treating obesity related

to lymphatic defects. Obesity has also been related to defective lymphatic system function. For

example, mice having a defect in Proxl, a gene needed for lymphatic vascular development, were

reported to develop adult-onset obesity (Harvey, et al., 2005, "Lymphatic Vascular Defects

Promoted by Proxl Haploinsufficiency Cause Adult-Onset Obesity," Nature Genetics 37[1O]: 1072-

1081). According to the report, defects in the lymphatic vasculature of the mice were the cause of

the obesity phenotype. For lymphatic system disorders resulting from genetic defects, treatment

using non-autologous lymphatic regenerative cells might prove beneficial. Administration of non-

autologous cells using the methods of the invention can be accomplished using methods known in

the art and described herein and in the literature.

[0289] Wound-healing is also dependent on lymphatic function. For example, impaired

wound healing is a common complication of diabetes. Maruyama, et al., in "Decreased Macrophage

Number and Activation Lead to Reduced Lymphatic Vessel Formation and Contribute to Impaired

Diabetic Wound Healing" (Am J Pathol. 170(4): 1178-91, Apr 2007), reported that both the presence

of activated macrophages and the formation of lymphatic vessels are rate-limiting to the healing of

diabetic wounds. They further reported that cells that co-stain for the macrophage marker F4/80 and

the lymphatic markers LYVE-I and podoplanin contribute to lymphatic vessels in full-thickness



wounds, and that LYVE-I -positive lymphatic vessels and CD31 -positive blood vessels were

significantly reduced in corneal wound healing in diabetic mice compared with control mice.

[0290] Aspects of the present invention are also useful for treating patients with wounds

including incisional ulcerous or other cutaneous or internal wounds, wounds of diabetic patients,

radiation necrosis, skin wounds following surgery, skin abrasions caused my mechanical trauma,

caustic agents or burns, cornea following cataract surgery or corneal transplants, mucosal epithelium

wounds following infection or drug therapy (e.g., respiratory, gastrointestinal, genitourinary,

mammary, oral cavity, ocular tissue, liver and kidney), skin wounds following grafting, and

regrowth of blood vessels following angioplasty.

[0291] Cells may be administered to a patient in any setting in which lymphatic function

is insufficient or abnormal. Examples of such settings include, but are not limited to, primary and

secondary edema, and risk of developing edema, among other things. Endothelial cell disorders

contemplated by the invention include, but are not limited to, physical loss of lymphatic vessels

(e.g., surgical removal of axillary lymph tissue), lymphatic vessel occlusion (e.g., elephantiasis), and

lymphangiomas. In a preferred embodiment, the subject, and the adipose-derived cell population

that comprises LECs and/or pre-LECs are human. The adipose-derived cell population that

comprises LECs and/or pre-LECs may be provided in vitro, or in vivo. The cells may be extracted in

advance and stored in a cryopreserved fashion or they may be extracted at or around the time of

defined need.

Methods of screening compounds

[0292] It is contemplated that screening techniques using an adipose-derived cell

population that comprises LECs and/or pre-LECs will be useful for the identification of compounds

that will augment, stimulate or otherwise increase the effects of the LECs and pre-LECs of the

present invention on the lymphatic system and be useful in the treatment of lymphatic disorders in

general. It is similarly contemplated that such screening techniques will prove useful in the

identification of compounds that will inhibit the ability of LECs and pre-LECs to modulate

expansion of the lymphatic system within a developing tumor and thereby reduce the likelihood of

metastasis of the tumor via the lymphatic system. In these embodiments, the present invention is

directed to a method for determining the ability of a candidate substance to modulate the growth or

activity of the lymphatic system.



[0293] Another aspect of the invention concerns methods of identifying compounds that

modulate expansion of lymphatic cells, the formation of lymphatic vessels or the formation of

lymphatic tissue. By some approaches, a test compound is contacted with a composition comprising

an adipose-derived cell population that comprises LECs and/or pre-LECs (preferably, a population

having FLT-4+ cells). Next, the ability of said test compound to modulate expansion of lymphatic

cells, the formation of lymphatic vessels or the formation of lymphatic tissue is determined or

measured. A candidate compound that increases or decreases the ability of said adipose-derived cell

population that comprises LECs and/or pre-LECs cells to modulate expansion of lymphatic cells, the

formation of lymphatic vessels or the formation of lymphatic tissue in comparison to control cells

not exposed to the candidate compound is then identified. In some embodiments the adipose-

derived cell population that comprises LECs and/or pre-LECs (for example, a population having

FLT-4+ cells) is identified as a source of LECs and/or pre-LECs.

[0294] In other embodiments, a method of screening for an agent that inhibits lymphatic

growth within a tumor is provided. Accordingly, a test compound is contacted with an adipose-

derived cell population that comprises LECs and/or pre-LECs (preferably, a population having FLT-

4+ cells) and the ability of said compound to modulate expansion of lymphatic cells, the formation of

lymphatic vessels or the formation of lymphatic tissue is measured. A candidate compound that

inhibits the ability of said cells to modulate expansion of the lymphatic system in comparison to

control cells not exposed to the candidate drug is then identified.

[0295] To identify a candidate substance as being capable of promoting or inhibiting the

growth of a lymphatic endothelial cell network, one could, e.g., measure or determine the presence

of growth of LECs, LEC progenitors and pre-LECs of the present invention in the absence of the

added candidate substance. One could then add the candidate substance to the co-cultured cells and

determine the response of the co-culture in the presence of the candidate substance. A candidate

substance that modulates the expansion of lymphatic vessels in the co-culture is indicative of a

candidate substance having the desired activity. In in vivo screening assays, the compound can be

administered to a model animal, over a period of time and in various dosages, and an alleviation of

the symptoms associated with edema or tumor progression or tumor metastasis monitored. Any

improvement in one or more of these symptoms can be indicative of the candidate substance being a

useful agent.



[0296] As used herein the term "candidate substance" refers to any molecule that may

potentially act as a modulator of lymphatic vessel expansion. Such an agent may be a protein or

fragment thereof, a small molecule inhibitor, or even a nucleic acid molecule.

[0297] Additionally, one can acquire from commercial sources small molecule libraries

that are believed to meet the basic criteria for useful drugs in an effort to identify useful compounds.

Screening of such libraries, including combinatorial Iy generated libraries (e.g., peptide libraries), is a

rapid and efficient way to screen large number of related (and unrelated) compounds for activity.

Combinatorial approaches also lend themselves to rapid evolution of potential drugs by the creation

of second, third and fourth generation compounds derived from active, but otherwise undesirable

compounds. The application of such libraries to the adipose-derived cell population that comprises

LECs and/or pre-LECs prepared as described herein is also contemplated.

[0298] Candidate compounds may include fragments or parts of naturally-occurring

compounds or may be found as active combinations of known compounds which are otherwise

inactive. It is proposed that compounds isolated from natural sources, such as animals, bacteria,

fungi, plant sources, including leaves and bark, and marine samples may be assayed as candidates

for the presence of potentially useful pharmaceutical agents. It will be understood that the

pharmaceutical agents to be screened could also be derived or synthesized from chemical

compositions or manmade compounds.

[0299] As described, the LECs, pre-LECs, and LEC progenitors of the present invention

can be cultured according to methods known in the art, and the cultured cells used in drug screening

assays. " Effective amounts" of the candidate agent in certain circumstances are those amounts

effective to reproducibly produce an alteration in the modulation of expansion of lymphatic vessels.

Significant changes in activity and/or expression will be those that are represented by alterations in

activity of, e.g., 30%-40%, and preferably, by changes of at least about 50%, with higher values of

course being possible.

[0300] The following examples are provided to demonstrate particular situations and

settings in which this technology may be applied and are not intended to restrict the scope of the

invention and the claims included in this disclosure.

EXAMPLES

Example I

Isolation of an adipose-derived cell population that comprises LECs and/or pre-LECs



[0301] Cell processing procedures that employed either a cell processing unit as

described herein, or a manual method, were used to successfully isolate an adipose-derived cell

population comprising LECs and/or pre-LECs. In manual processing, lipoaspirate removed from the

patient was warmed in a sterile container in a 37°C water bath. At this point, if bloody, the lower

portion (blood-saline mixture) was removed aseptically using vacuum suction and discarded. The

remaining material was then placed in a sterile separatory funnel with an equal volume of pre-

warmed sterile saline, shaken gently, and the phases allowed to separate. Upon completion of

separation, multiple layers were observed, with the adipose tissue floating on top and the blood-

saline mixture below the adipose tissue layer. The stopcock was then opened to allow removal of

the blood-saline mixture into a waste container. The washes were repeated until most of the red

blood cells have been removed from the lipoaspirate.

[0302] The lipoaspirate was then removed to a sterile bottle and digested with

collagenase and thermolysin. A volume of pre-warmed sterile buffered saline, equal to the volume

of lipoaspirate was added. Enzyme was then combined with the washed lipoaspirate/saline solution.

The enzyme was added through a sterile 0.2 µm syringe filter. Digestion was allowed to take place

with gentle shaking, e.g., on a thermal shaker, pre-warmed to 35 - 38 0C, for 20 ± 5 minutes. When

digestion was complete (e.g., after approximately 5% of the initial amount of adipose tissue

remained), the solution was poured into a fresh sterile glass separatory funnel and incubated for 5 -

10 minutes for phase separation to occur. The undigested adipose tissue and free lipid floated.

[0303] The non-buoyant solution was then removed, without the buoyant later, through a

sterile 265 µm filter and rinsed with buffered-saline. The mixture was shaken gently and allowed 5

- 10 minutes for phase separation again. Undigested adipose tissue and free lipid floated. The non-

buoyant solution was removed through a new, sterile 265 µm filter and placed into centrifuge tubes.

The tubes were centrifuged at 400 x g for 5 minutes at room temperature with a low-medium brake

speed. The supernatant was removed without disturbing the pellet, and the cells were resuspended in

the remaining supernatant or a desired amount of buffered saline. The tubes were centrifuged a

second time at 400 x g for 5 minutes at room temperature with a low-medium brake speed. The

supernatant was removed and the cells resuspended as necessary for further processing. Care was

taken throughout the process to ensure that sterility was maintained.

[0304] The example below provides an approach to further isolate and purify an adipose-

derived cell population that comprises LECs and/or pre-LECs.



Example II

Purification of a cell population that comprises LECs and/or pre-LECs by density gradient

[0305] This example describes one approach to purify LECs and/or pre-LECs from an

adipose-derived cell population that comprises LECs and/or pre-LECs. An adipose-derived cell

population that comprises LECs and/or pre-LECs can be obtained as described in Example I. A cell

population was further purified by density gradient centrifugation using ficoll-hypaque as follows.

The adipose-derived cell population that comprises LECs and/or pre-LECs obtained in Example 1

was layered onto "Lymphocyte Separatium Medium" (LSM - Mediatech, Inc) and subjected to

density gradient centrifugation. The cell suspension was diluted to 107 cells/mL into DPBS (Ca+

and Mg + free) and carefully overlayed on top of the LSM to create a sharp cell suspension/LSM

interface in 50 mL conical tubes. The tubes were then centrifuged at 40Og with the brake off. For

each volume of LSM, 2-3 volumes of cell suspension were used. Centrifugation sediments most of

the red blood cells and polymorphonuclear cells, and the mononuclear fraction forms a distinct layer

between the PBS and the LSM. After aspiration of the top layer (DPBS), the mononuclear fraction

was collected in a new flask and washed using DPBS. Cells were resuspended at 107 cells/mL in

Dulbecco's phosphate buffered saline (DPBS). The data provided by the experiments done using

these cells confirmed that an adipose-derived cell population comprising LECs and/or pre-LECs is

present in adipose tissue. The results also confirmed that an adipose-derived cell population that

comprises LECs and/or pre-LECs can be effectively isolated from adipose tissue using a cell

processing unit and/or density gradient centrifugation. The example below provides another

approach that can be used to isolate or purify LECs and/or pre-LECs from an adipose-derived cell

population.

Example III

Purification of a cell population that comprises LECs and/or pre-LECs by cell sorting

[0306J This example describes a cell sorting approach that was used to further purify the

LECs and/or pre-LECs from an adipose-derived cell population that comprises LECs and/or pre-

LECs. It should be noted that this approach can be performed in lieu of the density gradient

sedimentation procedure provided in Example II or, as presented in this example, in addition to the

procedure provided in Example II. An adipose-derived cell population comprising LECs and/or

pre-LECs obtained in accordance with the procedure provided in either Example II was strained

using a 100 µm cell strainer and resuspended in sorting buffer, which contained D-PBS solution



(Ca/Mg++ free) supplemented with ImM EDTA, 25 mM HEPES, 1% BSA (or 1% fetal bovine

serum) and lOU/ml DNAse I. FLT-4+ and FLT-4 cells were sorted using the FACSAria according

to the manufacturer's instructions.

Example IV

Measurement of FLT-4+ Cells in ADC Preparation

[0307] The mononuclear cells were then stained for cytofluorometric assays. The Fc

receptors on the adipose-derived cell population were blocked using normal mouse immunoglobulin.

Aliquots of lOOµl of the cell suspension were transferred into 12x75mm centrifuge tubes containing

the sorting buffer (D-PBS solution (Ca/Mg++ free) supplemented with ImM EDTA, 25 mM

HEPES, 1% BSA (or 1% fetal bovine serum) and 10U/ml bovine DNAse I) described in Example III

above, and incubated in the presence of the target-conjugated antibodies for 30 minutes at 4°C

protected from the light. Following this incubation, the unbound antibody was removed by washing

the cells twice in 500µl of DPBS. The cells were then fixed using FACS Lysis buffer (Becton

Dickinson) and the data was acquired in the FACSAria cytometer no more than 24 hours after

fixation.

[0308] Flow cytometry data were evaluated using FACSDiva software. From a plot of

FSC-A vs SSC-A, a gate (Pl) was drawn to include the nucleated cells. Cells inside this gate were

then displayed in a SSC-H vs SSC-W plot and a second gate around low SSC-W cells was drawn

(P2). Cells inside P2 were then displayed in a FSC-H vs FSC-W plot and a gate (P3) was drawn

around low FSC-W. This strategy was used to eliminate double events from being analyzed as

single events. Only cells that fell in P3 were evaluated relative to their reactivity with the target

antibodies. Fluorescence minus one (FMO) or isotype controls were used to set up the gates to

evaluate positive events. Negative controls were used for all markers. The negative gates were set

up to include at least 99.5% of the cells in the control tubes.

[0309] Low density cells were evaluated as described above. Between 11.9% and 39.8%

of cells in the fraction analyzed were found to express FLT-4 (Table 3).

TABLE 3



[0310] Thus, in this sample population, between 11.9% and 39.8% of the adipose-derived

cell population expressed FLT-4, a marker of adult lymphatic endothelial lineage cells.

Accordingly, the data provided in this example demonstrate that adipose tissue is a rich source of

LECs and/or pre-LECs, which can be isolated using a cell processing unit and further purified using

gradient sedimentation and/or cell sorting technology. Further, the data in this example confirms

that either the procedures employed in Example II (selective media gradient centrifugation) or this

example (cell sorting) can be used to measure the presence or absence of LECs and/or pre-LECs in

an adipose-derived cell population. More approaches to measure and characterize the presence of

LECs and/or pre-LECs in an adipose-derived cell population are provided below.

Example V

Characterization of LECs and pre-LECs using flow cytometry

[0311] LEC and pre-LECs were further defined and quantified by multicolor flow

cytometry as described in this example. An adipose-derived cell population was obtained and

processed using the methods provided in Examples I and II, using antibodies specific for a plurality

of markers that are characteristic of LECs and pre-LECs.

[0312] As described above, the tissue was collected through vacuum liposuction and

rinsed with saline to remove excess blood. An adipose-derived cell population comprising LECs

and/or pre-LECs was obtained by enzymatic digestion and centrifugation, and the pelleted nucleated

fraction was isolated, washed and stained for cytofluorometric assays. Cells were resuspended at 107

cells/mL in Dulbecco's phosphate buffered saline (DPBS) and the Fc receptors on the cells were

blocked using normal mouse immunoglobulin. Aliquots of lOOµl of the cell suspension were then

transferred to 12x75mm centrifuge tubes containing sorting buffer and were incubated in the

presence of one of the following antibodies: antibody to CD34 (a marker of mature and immature

endothelial cells) conjugated to APC-A; antibody to CD45 (a marker of hematopoietic cells that has

been suggested to be associated with circulating LEC progenitor cells (Kerjaschki, et al., 2006))



conjugated to APC-Cy7-A; antibody to CD31 (a marker of mature endothelial cells) conjugated to

FITC; and the conjugated FLT-4 antibody used in Example III.

[0313] Following the incubation, the unbound antibody was removed by washing the

cells twice in 500µl of DPBS. The cells were then fixed using FACS Lysis buffer (Becton

Dickinson) and the data was acquired in the FACSAria cytometer no more than 24 hours after

fixation.

[0314] Flow cytometry data were evaluated for each tube using FACSDiva software. As

described above, from a plot of FSC-A vs SSC-A, a gate (Pl) was drawn to include the nucleated

cells. Cells inside this gate were then displayed in a SSC-H vs SSC-W plot and a second gate

around low SSC-W cells was drawn (P2). Cells inside P2 were then displayed in a FSC-H vs FSC-

W plot and a gate (P3) was drawn around low FSC-W. This strategy was used to eliminate double

events from being analyzed as single events. Only cells that fell in P3 were evaluated relative their

reactivity with the target antibodies. Fluorescence minus one (FMO) or isotype controls were used

to set up the gates to evaluate positive events. Negative controls were used for all markers. The

negative gates were set up to include at least 99.5% of the cells in the control tubes.

[0315] In the three samples, 36.9%, 21.5%, and 5.1% of cells exhibited FLT-4

expression, indicating that the adipose-derived cell population was rich in lymphatic endothelial

cells. The percentages of cells found to express certain combinations of the markers tested, as

calculated using the FACSDiva software, are shown in Table 4.

TABLE 4



[0316] Figure 1 shows an analysis of marker expression observed in Sample 503. In

general, the population of FLT-4+ cells could be split into three populations based on CD34, CD31,

and CD45 expression. One population exhibited high expression of CD3 1 and CD34 and low to

absent expression of CD45 (Gate Ql, Figures 16A, 16B). This phenotype is consistent with mature

LECs. A second population exhibited expression of CD34 and low to absent expression of both

CD45 and CD3 1, a phenotype that is consistent with one class of pre-LECs (Gate Q2, Figures 16A,

16C). The remaining cells exhibited intermediate to absent expression of CD34, intermediate CD31

expression, and were largely positive for CD45 expression (Gate Ql, Figures 16A, 16D). This

phenotype is consistent with a second class of pre-LECs (Kerjaschki, et al. 2006). Accordingly the

adipose-derived cell population obtained using the cell processing unit as described herein yielded

appreciable quantities of LECs and pre-LECs.

[0317] The percentages of cells observed in the three general populations described are

shown in Table 5.

TABLE 5

[0318] In one sample, dual staining with antibodies to FLT-4 and CD 14 showed that

approximately 56% of FLT-4 + ADC co-expressed CD 14. In this analysis, approximately 51% of all

ADC expressed FLT-4. Accordingly, the results provided in this example provide more support for



the conclusion that an adipose-derived cell population containing LECs and/or pre-LECs can be

efficiently isolated from adipose tissue using a cell processing unit as described herein and further

isolation and purification can be obtained by isolated and various techniques in cell sorting. The

example below provides more evidence of the presence of LECs and/or pre-LECs in an adipose-

derived cell population isolated as described herein.

Example VI

Measurement of the presence or absence of markers for LECs and pre-LECs in an adipose-

derived cell population using immunohistochemistry

[0319] This example provides an immunohistochemistry approach that was used to

measure the presence or absence of LEC and/or pre-LEC specific markers on an adipose-derived cell

population prepared as described herein. An adipose-derived cell population that comprises LECs

and/or pre-LECs was prepared as described in Example II. A cell suspension having approximately

a concentration of 107 cells/ml was then prepared from the adipose-derived cell population that

comprises LECs and/or pre-LECs. The adipose-derived cell population comprising LECs and/or

pre-LECs was subsequently stained for the lymphatic endothelial cell-specific antigens Prox-1 and

Lyve-1 as follows. Cytospins were prepared from 100 µl of this suspension, and

immunohistochemistry was performed using the Vectastain® Universal Elite ABC Kit (Vector

Labs). Conjugated antibodies specific for Prox-1 and Lyve-1 were employed and the cells were co-

stained with hematoxylin.

[0320] Figure 17 shows staining of nucleated cells with Lyve-1 and Prox-1 at IOOX

magnification, indicating the presence of the lymphatic endothelial cell-specific antigens Prox-1 and

Lyve-1 on the isolated adipose derived cell population. The data provided in this example further

demonstrates that the adipose-derived cell population prepared as described in Example II contains

LECs and/or pre-LECs. This example also provides another approach by which one of skill in the

art can measure the presence or absence of LECs and/or pre-LECs in an adipose-derived cell

population. The next example teaches yet another approach by which to measure the presence or

absence of LECs and/or pre-LECs in an adipose-derived cell population.

Example VH

Further characterization and measurement of the presence or absence of LECs and pre-LECs

in an adipose-derived cell population using a CFU-F assay



[0321] As described in this example, an adipose-derived cell population containing LECs

and/or pre-LECs was isolated (Example I) and further purified using density gradient centrifugation

(Example II) and cell sorting (Example III). Once the cells were sorted into FLT4+ and FLT4

populations, the purified cells were then measured for development of CFU-F.

[0322] More specifically, the source of the adipose-derived cell population was 400 ml

liposuction fat removed from the hips, thighs and abdomen of a 20-year-old woman. Tissue

processing, performed as described in Example I, yielded 6.175 x 106 cells/ml, or 0.42 x 106 cells/ml

of fat tissue, in Lactated Ringer's Solution. Density gradient centrifugation was conducted as

described in Example II and the viability of the cells was determined to be 84.6% (pre-ficoll), and

80.2% (post-ficoll). The LEC and/or pre-LEC population removed from the gradient was then

sorted in accordance with Example III and the FLT4+ and FLT4 sorted populations were determined

by flow cytometry analysis to be 94.5% pure and 99.7% pure, respectively.

[0323] Aliquots of 1000 cells (each in 5 ml) of the sorted populations were then plated in

uncoated six-well plates. Samples were plated in each of three different media: DMEM Fl2

(Cellgro), Media 231 (Smooth muscle media, Cascade Biologies), and EGM-2 MV (Cambrex). A

CFU-F was defined as a colony of fifty or more fibroblastic-like cells. The observed CFU-F

frequencies are shown in Table 6.

TABLE 6

[0324] The data in this example demonstrate that fibroblastic-like cells are, in general,

absent from the purified adipose-derived cell population comprising LECs and/or pre-LECs. This



example also provides an approach by which to measure the presence and absence of LECs and/or

pre-LECs in an adipose-derived cell population. The next example provides even more evidence of

the presence of LECs and/or pre-LECs in an adipose-derived cell population prepared, as described

herein, and teaches yet another approach by which to measure the presence or absence of LECs

and/or pre-LECs in an adipose-derived cell population.

Example Viπ

Further characterization and measurement of the presence or absence of LECs and pre-LECs

in an adipose-derived cell population using a CFU-Endo assay

[0325] As described in this example, an adipose-derived cell population containing LECs

and/or pre-LECs was isolated (Example I) and further purified using density gradient centrifugation

(Example II) and cell sorting (Example III). Once the cells were sorted into FLT4+ and FLT4

populations, the purified cells were then measured for development of CFU-Endo.

[0326] As in the CFU-F assays above, once the cells were isolated (Example I) and

purified (Examples II and III), the FLT4+ and FLT4 populations were plated in each of the three

different media, DMEM-F 12, EGF-2 and Media 231. Additionally, three different substrates

(gelatin, fibronectin, and laminin) were used with each medium. CFU-F was also assayed on the

same substrates for comparison.

[0327] The results showed that the DMEM-F 12 cultures and the 231 cultures produced

very few or no colonies. Although the frequency of colonies detected was highest when the cells

were cultured on gelatin-coated plates in EGM2-MV medium, it was only possible to expand

colonies sufficiently for use in morphology assays or cytofluorometric analysis in Media 231 on

fibronectin or laminin.

[0328] CFU-Endo was defined as a colony of ten or more cells having a rounded,

cobblestone formation. Table 7 shows the CFU frequencies at 28 days of culture in EGM2-MV

media.

TABLE 7



[0329] Most FLT-4+ CFU-Endo colonies were found to present a cobblestone formation,

consistent with an endothelial cell phenotype. (See Figure 18.) Accordingly, the data provided in

this example provide even more evidence that the procedures described herein can effectively isolate

LECs and/or pre-LECs from an adipose-derived cell population. This example also provides another

approach that can be used to identify, measure, or characterize the presence or absence of LECs

and/or pre-LECs in an adipose-derived cell population. The following example describes

experiments that were performed to further characterize cell obtained from the CFU-Endo colonies

prepared in this example.

Example IX

Cytofluorometric Analysis of Cells Derived from CFU-Endo Colonies

[0330] This example describes experiments that were performed to further characterize

the cells obtained from the CFU-Endo colonies prepared in Example VIII. Two CFU-Endo colonies

observed in the CFU-Endo assay described above were further expanded and evaluated by flow

cytometry for expression of surface markers typically expressed by endothelial cells. One of these

two colonies was first detected at 7 days of culture (on a laminin-coated plate) and the other at 28

days of culture (on a fibronectin-coated plate).

[0331] Several lymphatic endothelial cell-specific markers have been described in the

literature. Anti-podoplanin antibodies have been described, e.g., by Breiteneder-Geleff, et al. 1999.

Anti-Proxl antibodies have been described, e.g., in U.S. Pub. No. 2005/0271636. Anti-LYVE-I

antibodies have been described, e.g., by Banerji, et al., 1999, "LYVE-I, a New Homologue of the

CD44 Glycoprotein, Is a Lymph-specific Receptor for Hyaluronan," J . Cell Biology 144(4):789-801.

[0332] FACS analysis was performed using methods similar to those described in the

above examples.

[0333] Following expansion for cytofluorometric analysis, the FLT-4 antigen was no

longer detectable in either cultured population. Interestingly, there were more CD31 cells identified

in the colony that arose at day 28. As shown in Table 8, 25.7% of the cells from the Day 28 colony

were CD31 ", whereas 10.1% of those from the Day 7 colony were CD31 . The two populations

expressed CD 105 and CD 146 at about the same level, and both failed to express detectable levels of

CD144, CDl Ib, CD133, and podoplanin. The cytofluorometric analysis data are shown in Figure

19. The example below provides more evidence of the presence of LECs and/or pre-LECs in the



adipose-derived cell populations prepared as described herein and provides yet another approach to

measure and/or characterize the adipose-derived cell population.

TABLE 8

Example X

In Vitro analysis of adipose-derived LECs and/or pre-LECs

[0334] This example describes experiments that were conducted to analyze and measure

the ability of the expanded cells obtained from the two populations described in Example IX for their

ability to proliferate, migrate, and form capillary-like structures (tubes).

[0335] Cells obtained from the Day 7 and Day 28 colony (Example IX) were analyzed

for the ability to form tubes on Matrigel, previously described by, e.g., Pounce ML, 2001, "In vitro

Matrigel Angiogenesis Assays." In: Methods in Molecular Medicine," VoI 46: Angiogenesis

Protocols, Edited by JC Murray, Humana Press, Totowa, NJ. Matrigel is composed of basement

membrane components, and is an extract of the Engelbreth-Holm-Swarm tumor. When plated in

Matrigel, cells derived from both the colonies (detected at days 7 and 28) formed tube-like

structures, as shown in Figure 20. This result provides further evidence that cells derived from the

FLT-4+ population of the adipose-derived cell population isolated in accordance with the methods

described herein are functional endothelial cells. This example offers yet another method by which

the presence or absence of LECs and/or pre-LECs can be evaluated in an adipose-derived cell

population.

Example XI

RNA analysis of adipose-derived LECs and/or pre-LECs

This example describes several approaches that can be used to measure the presence or

absence of LEC and/or pre-LEC-specific RNAs in an adipose derived cell population so as to

confirm the presence of these cells in an adipose-derived cell population and differentiate said cells



from LECs and/or pre-LECs present in dermis and tonsil tissue. Lymphatic endothelial cells and

their precursors that are derived from adipose tissue are phenotypically distinct from those derived

from other tissues, for example, the dermis or tonsil. One approach by which this is demonstrated is

to isolate FLT4-positive cells from adipose tissue, dermis, and tonsils (e.g., using the procedures

described in Examples I, II, or III), extract RNA from the cells, and perform a differential expression

analysis, for example, a microarray. For each analysis RNA is extracted using TRIzol® (Invitrogen)

followed by clean-up using the RNEasy Mini kit (Qiagen). cDNA is generated, pooled, labeled, and

hybridized onto the Affymetrix GeneChip Human Genome U133A 2.0 Array or the Affymetrix

Gene Chip rat Expression Set 230 according to the manufacturer's recommendations (GeneChip

Expression Analysis: Technical Manual, Affymetrix). Normalization and analysis is performed

using GeneSight software package from BioDiscovery. Heat mapping is performed with HEATMAP

BUILDER (Stanford University, Palo Alto, CA).

[0336] Differences detected using this approach are validated using alternate strategies

such as polymerase chain reaction (PCR) and, preferably, by immunoassay for expressed protein.

For example, differences in the level of expression of a particular cell surface marker are

demonstrated by flow cytometry demonstrating that certain markers are reproducibly expressed in

adipose LECs or their progenitors but are not expressed in dermal LECs (or vice versa). Relative

differences, for example, markers that are expressed at higher levels in one population or the other

can also be determined by this approach. It is expected that the data produced from these

experiments will show that LECs and/or pre-LECs isolated from adipose tissue are functionally

different than LECs and/or pre-LECs isolated from, e.g., dermis or tonsil. The following example

describes more approaches that can be used to measure and characterize the presence or absence of

LECs and/or pre-LECs in an adipose-derived cell population and differentiate these cells from LECs

and/or pre-LECs isolated from dermis and/or tonsil tissue.

Example XII

Immunophenotyping adipose-derived LECs and/or pre-LECs

[0337] This example describes more approaches that can be used to measure the presence

or absence of LEC and/or pre-LEC-specific RNAs in an adipose derived cell population so as to

confirm the presence of these cells in an adipose-derived cell population and differentiate said cells

from LECs and/or pre-LECs present in other tissues, e.g., dermis and tonsil. By employing

techniques in immunophenotyping, the expression of lineage specific proteins that are characteristic



of lymphatic endothelial cells can be exploited to distinguish LECs and/or pre-LECs isolated from

adipose tissue from LECs and/or pre-LECs from other tissues. For example, pure populations of

LECs and/or pre-LECs are isolated from dermis, tonsils, and adipose tissue using the techniques

described in Examples I, II, or III. The FLT-4+ cells are then cultured using a specific endothelial

cell growth medium. For the immunophenotyping, the cultured cells are then harvested from the

culture vessels using a detachment enzyme, such as trypsin or similar, and incubated with antibodies

recognizing different proteins. Differences in the level of expression of, e.g., CD34, CD31, vWF,

KDR, VE-cadherin, CD54, CD58, FLTl, CD 133, endoglin, macrophage mannose receptor,

desmoplakin, podoplanin, prolyl-hydroxilase, CD36, Prox-1, LYVE-I, CD40, CD80, MHC class I

and II molecules, ICAM-I, P-selectin, E-selectin, CD146, thrombomodulin, Tie-2 are then

evaluated by flow cytometry. It is expected that the data produced from these experiments will

show that LEC and pre-LEC cells isolated from adipose tissue are functionally different than LEC

and/or pre-LEC cells isolated from dermis or tonsil. The following example describes more

approaches that can be used to measure and characterize the presence or absence of LECs and/or

pre-LECs in an adipose-derived cell population.

Example XIII

Transplantation of adipose-derived LECs and/or pre-LECs into lacZ animals

[0338] This example describes an approach that can be used to measure the ability of an

adipose derived cell population comprising LECs and/or pre-LECs to expand lymphatic cells and

induce formation of lymphatic vessels and lymphatic tissue. It is contemplated that an adipose-

derived cell population comprising LECs and/or pre-LECs, prepared as described herein, can induce

the repair and/or expansion of lymphatic cells, lymph vessels, and lymphatic tissue in a subject (e.g.,

a mammal such as a human). Preferably, the adipose-derived cell population comprising LECs

and/or pre-LECs, prepared as described herein, are introduced into such existing lymphatic vessels

in said subject. This can be in the context of repair of an existing vessel in a setting where a lymph

vessel has become fully or partially denuded of lymphatic endothelial cells and it can be in a setting

where lymph vessels are being replaced or generated de novo.

[0339] By one approach, de novo generation of lymph vessels is performed in a tissue

transplant in which anastomosis of blood and lymphatic vessels is not performed surgically. In this

context, vessels within the tissue either connect with adjacent, active vessels by biologic processes or

they atrophy and are replaced by new vessels. In the related case where a tissue-engineered



construct lacking lymphatic vessels is implanted into a subject the implanted tissue will become

colonized by newly formed lymph vessels.

[0340] For example, free adipose tissue grafts (that is, portions or fragments of adipose

tissue that are implanted without the surgical generation of connections with host lymph vessels) are

implanted into syngeneic mice. One group of animals receives free adipose tissue grafts alone, the

second receives similar grafts that are supplemented with an adipose-derived cell population

comprising LECs and/or pre-LECs, prepared as described herein. In order to allow definitive

determination of supplemental cell fate the supplemental cells are obtained from donor mice that

carry the lacZ transgene in all cells. The product of this transgene, Betagalactosidase, is not

expressed in non-transgenic mice, and can be detected by histologic staining with colorigenic

substrates such as X-gal.

[0341] Several weeks after implantation the free adipose grafts are harvested and

prepared for histologic evaluation of donor cell fate. Co-staining with X-gal and markers specific for

lymphatic cells (for example, Prox-1, Lyve-1, Podoplanin, and FLT-4) is performed. Detection of

cells that exhibit co-staining for these markers is evidence that supplemental cells have developed a

lymph vessel-associated cell fate. It is expected that the data produced from these experiments will

show that the adipose-derived cell population comprising LECs and/or pre-LECs are capable of

inducing the expansion and proliferation of lymphatic cells in vivo, and said cells will induce the

formation of lymphatic vessels and lymphatic tissue in transplanted mammals more effectively than

the unprocessed adipose tissue. The following example describes another approach that can be used

to measure and characterize the presence or absence of LECs and/or pre-LECs in an adipose-derived

cell population.

Example XIV

Transplantation of adipose-derived LECs and/or pre-LECs and detection of lymphatic tissue

formation by histology

[0342] This example describes another approach that can be used to measure the ability

of an adipose derived cell population comprising LECs and/or pre-LECs to expand lymphatic cells

and induce formation of lymphatic vessels and lymphatic tissue. By this approach, the ability of an

adipose derived cell population comprising LECs and/or pre-LECs to expand lymphatic cells and

induce formation of lymphatic vessels and lymphatic tissue is determined by measuring the



frequency or density of such vessels in the mammal in the presence and absence of the inventive cell

population.

[0343] In these studies a wound is formed in recipient mammals. The wound is a

cutaneous, full thickness skin wound, a myocardial wound formed by occlusion of the coronary

artery for approximately 45 minutes followed by release of the occlusion and reperfusion of the

ischemic capillary bed, or an ischemic limb injury model. In this latter injury model, sections of the

femoral artery serving one hind limb are resected and/or ligated. Over approximately two weeks

perfusion is at least partially restored by development of new blood and lymph vessels.

[0344] Within 48 hours of the creation of each injury type, the animals are divided into

two groups, a control group (that receives saline vehicle only) and a cell-treatment group (to which

an adipose derived cell population comprising LECs and/or pre-LECs are administered). For the

cutaneous wound, the adipose derived cell population comprising LECs and/or pre-LECs are

administered by direct application to the wound bed and intra- and sub-cutaneous injection into the

surrounding area. For myocardial injury, the adipose derived cell population comprising LECs

and/or pre-LECs are delivered into the vascular system. For the hind limb wound, the adipose

derived cell population comprising LECs and/or pre-LECs are delivered either by direct injection

into the muscles of the affected hind limb or into the vasculature.

[0345] One to three weeks following cell delivery, the recipient animal is euthanized and

injured tissues are excised and prepared for histology. The frequency and density of lymph vessels is

determined by immunostaining sections with lymphatic-specific antibodies. Computer-aided

analysis is performed to determine the number of positive staining structures present within a

defined surface area. Detection of a statistically significant difference in lymph vessel density

between the cell-treated and control group for any wound type is expected and such evidence will

indicate that the adipose derived cell population comprising LECs and/or pre-LECs, prepared as

described herein, can expand lymphatic cells and induce formation of lymphatic vessels and

lymphatic tissue in vivo. The following example describes approaches that can be used to treat

patients having post-surgery lymphedema.

Example XV

Use of an adipose-derived cell population comprising LSCs and/or pre-LECs for the treatment

of post-surgery lymphedema



[0346] This example provides methods of treating patients having post-surgery

lymphedema by providing patients identified as having post-surgery lymphedema with an adipose

derived cell population comprising LECs and/or pre-LECs. In some embodiments, patients having

post-surgery lymphedema are identified as individuals in need of an adipose derived cell population

comprising LECs and/or pre-LECs prior to administration of said cells. Identification of patients in

need of an adipose derived cell population comprising LECs and/or pre-LECs and/or patients having

post-surgery lymphedema can be accomplished using clinical evaluation. For example, following

partial mastectomy for breast carcinoma, patients suffer from lymphedema due to axillary lymph

node removal and these patients can be identified as patients in need of an adipose derived cell

population comprising LECs and/or pre-LECs through routine clinical evaluation by the surgeon or

physician.

[0347] Identified patients, as described above, are then injected with cells in the affected

area in one or more injections.

[0348] Lymph circulation in the breast is then measured by 99mTc-nanocolloid clearance

and skin circulation by Laser Doppler Fluxmetry (LDF), as described, e.g., by Perbeck, et al., in

"Lymph Circulation in the Breast after Radiotherapy and Breast Conservation," Lymphology. 2006

Mar;39(l):33-40. Measurements are made prior to cell injections and at other times as desired. The

lymph circulation is measured 2 cm above and medial or lateral to the areolar border in the quadrant

not operated on for carcinoma. Skin circulation is measured at corresponding sites. The lymph

circulation is expressed as the ratio of 99mTc-nanocolloid clearance and compared with that in

patients who did not receive cell injections. These experiments can show that transplantation of an

adipose-derived cell population comprising LECs and/or pre-LECs will expand lymphatic cells and

induce formation of lymphatic vessels and lymphatic tissue in the patient and thereby treat post-

surgery lymphedema. The following example provides an approach to use adipose-derived cell

population comprising LECs and/or pre-LECs in breast augmentation procedures.

Example XVI

Use of an adipose-derived cell population comprising LECs and/or pre-LECs in breast

augmentation

[0349] This example describes the use of an adipose-derived cell population comprising

LECs and/or pre-LECs in breast augmentation procedures. Accordingly, a patient in need of breast

augmentation is identified as one in need of an adipose-derived cell population comprising LECs



and/or pre-LECs. The identification of a patient that desires breast augmentation as one in need of

an adipose-derived cell population comprising LECs and/or pre-LECs can be accomplished using

clinical analysis by a physician or surgeon. U.S. Pat. App. Pub. No. 20050025755, entitled

"Methods of Using Adipose Tissue-Derived Cells in Augmenting Autologous Fat Transfer," hereby

expressly incorporated by reference, details a breast augmentation approach that may be applicable

in some embodiments. Accordingly, a patient is identified as one in need of an adipose-derived cell

population comprising LECs and/or pre-LECs and adipose tissue is collected from said identified

patient. Adipose tissue is selected to be harvested from the lateral and medial thigh regions of the

patient. The area to be harvested is injected subcutaneously with a standard tumescent fluid

solution, which may or may not contain a combination of lidocaine, saline, and/or epinephrine in

different standardized dosing regimens.

[0350] Using an 11-blade scalpel (or other standard blade), a small puncture wound is

made in order to transverse the dermis. The blade is turned 360 degrees to complete the wound. A

blunt tip 14-gauge (or appropriately sized) cannula is then inserted into the subcutaneous adipose

tissue plane. The cannula may be connected to a power assisted suction device or to a syringe for

manual aspiration. The cannula is then moved throughout the plane to disrupt the connective tissue

architecture. The volume of aspirate obtained is between 700 cc and 1000 cc. A fraction of the

adipose tissue collected in this manner is provided to an adipose cell processing unit for isolation and

concentration of an adipose-derived cell population comprising LECs and/or pre-LECs. The

remainder of the adipose tissue is processed for re-implantation into the breast. Alternatively, the

patient may have adipose tissue removed through a lipectomy procedure.

[0351] After removal of adipose tissue, hemostasis of the patient is achieved with

standard surgical techniques and the wound closed primarily. The collection of adipose tissue

occurs about 1-2 hours prior to augmentation mammoplasty in a clinical office. However, the timing

of collection is expected to vary and will depend on quality of care standards. Ultimately, the

practitioner responsible for administering care to the patient will determine the timing of collection.

[0352] A portion of the adipose tissue is used to prepare an enriched or concentrated

population of adipose-derived cells comprising LECs and/or pre-LECs (e.g., by using the procedure

in Example I). While the adipose-derived cell population comprising LECs and/or pre-LECs

prepared in accordance with, e.g., Example I, can be provided to the patients identified above with

adipose tissue, collagen matrix or another material suitable for breast augmentation without further

processing, it is oftentimes more desirable to further purify the adipose-derived cell population



comprising LECs and/or pre-LECs by using the procedures detailed in Example Il and/or III. That

is, in some embodiments, the isolated adipose-derived cell population comprising LECs and/or pre-

LECs obtained from the cell processing unit (e.g., Example I) are provided with adipose tissue,

collagen matrix, or another material suitable for breast augmentation to said identified patient

without further purification and in some embodiments, the purified adipose-derived cell population

comprising LECs and/or pre-LECs obtained after density gradient centrifugation (e.g., Example II)

or cell sorting (e.g., Example III) or a combination of density gradient centrifugation and cell sorting

(e.g., Example III) are provided with adipose tissue, collagen matrix, or another material suitable for

breast augmentation to said identified patient. Preferably, cell suspensions are mixed with a unit of

adipose tissue (approximately 100-300 cc) to be transplanted. After tissue processing is complete,

the patient is prepared to undergo augmentation mammoplasty. The cell dose delivered to the

patient is determined from the cell yield after adipose tissue processing. For example, approximately

5.5 x 105 cells per 50cc of autologous fat is transplanted into the breast. The composition is

delivered through a standard 14-gauge blunt tip cannula inserted into the breast tissue through a

periareolar incision. The regenerative-cell-enhanced adipose tissue is administered in a tear-like

fashion to increase the surface area to volume ratio. The results in these studies can show that the

use of an adipose-derived cell population comprising LECs and/or pre-LECs will improve breast

augmentation procedures (e.g., by inducing the expansion of lymphatic cells, formation of lymphatic

vessels, or the formation of lymphatic tissue). The following example describes approaches that can

be used to treat diabetic ulcers.

Example XVD

Use of an Adipose-Derived Cell Population Comprising LSCs and/or pre-LECs to Treat

Patients Having Diabetic Ulcers

[0353] This example provides an approach by which an adipose-derived cell population

comprising LECs and/or pre-LECs is used to treat diabetic ulcers. As above, an adipose-derived cell

population comprising LECs and/or pre-LECs is provided by using a cell processing unit (e.g.,

Example I), density gradient sedimentation (e.g., Example II), cell sorting (e.g., Example III) or a

combination of any of these approaches. Once the adipose-derived cell population comprising LECs

and/or pre-LECs is obtained it can be combined with any number of growth factors or additives as

known in the art, preferably additives described in WO 2006/014157, entitled "Methods of Using

Regenerative Cells to Promote Wound Healing," by Vojtassak, et al., 2006; "Autologous Biograft



and Mesenchymal Stem Cells in Treatment of the Diabetic Foot," Neuro Endocrinol Lett. 27 Suppl

2:134-7 (reporting use of a method for treatment of chronic non-healing wound (diabetic ulcer) using

an autologous biograft composed of autologous skin fibroblasts on biodegradable collagen

membrane (Coladerm) in combination with autologous mesenchymal stem cells (MSC) derived from

the patient's bone marrow); and by Cavallini, M., 2007, "Autologous Fibroblasts to Treat Deep and

Complicated Leg Ulcers in Diabetic Patients," Wound Repair Regen. 15(l):35-8, incorporated

herein by reference.

[0354] Patients suffering from a diabetic ulcer are identified as ones in need of an

adipose-derived cell population comprising LECs and/or pre-LECs using techniques available in

routine clinical evaluation and said identified patients are provided an effective amount of an

adipose-derived cell population comprising LECs and/or pre-LECs. The adipose-derived cell

population comprising LECs and/or pre-LECs can be prepared using a cell processing unit (e.g.,

Example I), density gradient sedimentation (e.g., Example II), cell sorting (e.g., Example III) or a

combination of any of these approaches and the cells can include an additive as described herein. In

patients that receive said adipose-derived cell population comprising LECs and/or pre-LECs with or

without an additive, an improvement in the ability to heal the diabetic ulcer will be seen.

[0355] It is to be understood that this invention is not limited to particular formulations or

process parameters, as these may, of course, vary. It is also to be understood that the terminology

used herein is for the purpose of describing particular embodiments of the invention only, and is not

intended to be limiting. Further, it is understood that a number of methods and materials similar or

equivalent to those described herein can be used. Any feature or combination of features described

herein are included within the scope of the present invention provided that the features included in

any such combination are not mutually inconsistent as will be apparent from the context, this

specification, and the knowledge of one of ordinary skill in the art. The above-described

embodiments have been provided by way of example, and the present invention is not limited to

these examples. Multiple variations and modification to the disclosed embodiments will occur, to

the extent not mutually exclusive, to those skilled in the art upon consideration of the foregoing

description. Additionally, other combinations, omissions, substitutions and modifications will be

apparent to the skilled artisan in view of the disclosure herein. Accordingly, the present invention is

not intended to be limited by the disclosed embodiments, but is to be defined by reference to the

appended claims.



[0356] The contents of all cited references, including literature references, issued patents,

published patent applications, and co-pending patent applications, cited throughout this application

are hereby expressly incorporated by reference in their entirety. Those skilled in the art will

recognize, or be able to ascertain using no more than routine experimentation, many equivalents to

the specific embodiments of the invention described herein. Such equivalents are intended to be

encompassed by the appended claims.



CLAIMS

WHAT IS CLAIMED IS:

1. An isolated population of adipose-derived cells comprising lymphatic endothelial

cells (LECs) and pre-LECs, wherein greater than 5% of said isolated population of adipose-derived

cells express FLT-4.

2. The isolated population of adipose-derived cells of Claim 1, wherein greater than

10% of said population of adipose-derived cells express FLT-4.

3. The isolated population of adipose-derived cells of Claim 1, wherein greater than

20% of said population of adipose-derived cells express FLT-4.

4. The isolated population of adipose-derived cells of Claim 1, wherein greater than

30% of said population of adipose-derived cells express FLT-4.

5. The isolated population of adipose-derived cells of Claim 1, wherein about 40% of

said population of adipose-derived cells express FLT-4.

6. The isolated population of adipose-derived cells of Claim 1, wherein greater than 5%

of said population of adipose-derived cells also express CD45.

7. The isolated population of adipose-derived cells of Claim 1, wherein greater than 5%

of said population of adipose-derived cells also express CD34.

8. The isolated population of adipose-derived cells of Claim 1, wherein greater than

10% of said population of adipose-derived cells also express CD45.

9. The isolated population of adipose-derived cells of Claim 1, wherein greater than

10% of said population of adipose-derived cells also express CD34.

10. A composition comprising the isolated population of adipose-derived cells of any one

of Claims 1-9 mixed with a biological material, an additive, a support, a medical device, a prosthetic,

a cell differentiation factor, a growth promoter, an immunosuppressive agent, an anti-apoptosis

agent, a biological tissue, a tissue graft, a portion of unprocessed adipose tissue, a collagen, a

population of adipose-derived stem cells, a population of adipose-derived endothelial cells, or a

population of adipose derived progenitor cells.

11. A method of lymphatic endothelial cell (LEC) and pre-LEC transplantation in a

mammal comprising:

identifying a mammal in need of LECs or pre-LECs; and



providing an isolated population of adipose-derived cells comprising lymphatic

endothelial cells (LECs) and pre-LECs, wherein greater than 5% of said population of

adipose-derived cells express FLT-4, to said identified mammal.

12. The method of Claim 11, wherein said isolated population of adipose-derived cells is

mixed with a biological material, an additive, a medical device, a prosthetic, a cell differentiation

factor, a growth promoter, an immunosuppressive agent, an anti-apoptosis agent, a biological tissue,

a tissue graft, a portion of unprocessed adipose tissue, a collagen, a population of adipose-derived

stem cells, a population of adipose-derived endothelial cells, or a population of adipose derived

progenitor cells.

13. The method of Claim 11, further comprising assessing said mammal for one or more

of the following: induction of lymphatic cell proliferation, lymphatic cell expansion, lymphatic

vessel formation, and lymphatic tissue formation.

14. The method of any one of Claims 11-13, wherein said cell transplantation

accompanies a breast augmentation procedure.

15. The method of any one of Claims 11-13, wherein said identified mammal has a

disease or disorder selected from the group consisting of obesity, lymphatic vessel aplasia, edema,

lymphatic vessel loss or damage due to surgical intervention, lymphatic vessel loss, damage or

deficiency due to organ or tissue transplant, reduced lymphatic vessel function due to lymphatic

vessel blockage, lymphatic vessel occlusion, elephantiasis, cardiovascular disease, heart disease,

chronic granulomatous disease (CGD), a lymphatic malignancy, Hodgkin's Disease, a non-

Hodgkin's lymphoma, Castleman Disease; a non-lymphatic malignancy, a breast cancer, an ovarian

cancer, a colorectal cancer, a lung cancer, a liver cancer, a stomach cancer, a pancreatic cancer, and a

cancer of the central nervous system.

16. A method of inducing expansion of lymph vessels in a mammal comprising:

identifying a mammal in need of an expansion of lymph vessels; and

providing an isolated population of adipose-derived cells comprising lymphatic

endothelial cells (LECs) and pre-LECs, wherein greater than 5% of said population of

adipose-derived cells express FLT-4, to said identified mammal.

17. The method of Claim 16, wherein said isolated population of adipose-derived cells is

mixed with a biological material, an additive, a medical device, a prosthetic, a cell differentiation

factor, a growth promoter, an immunosuppressive agent, an anti-apoptosis agent, a biological tissue,

a tissue graft, a portion of unprocessed adipose tissue, a collagen, a population of adipose-derived



stem cells, a population of adipose-derived endothelial cells, or a population of adipose derived

progenitor cells

18. The method of Claim 16 or Claim 17, further comprising assessing said mammal for

one or more of the following: induction of lymphatic cell proliferation, lymphatic cell expansion,

lymphatic vessel formation, and lymphatic tissue formation.

19. The method of any one of Claims 15-17, wherein said providing step accompanies a

breast augmentation procedure.

20. The method of any one of Claims 15-17, wherein said identified mammal has a

disease or disorder selected from the group consisting of obesity, lymphatic vessel aplasia, edema,

lymphatic vessel loss or damage due to surgical intervention, lymphatic vessel loss, damage or

deficiency due to organ or tissue transplant, reduced lymphatic vessel function due to lymphatic

vessel blockage, lymphatic vessel occlusion, elephantiasis, cardiovascular disease, heart disease,

chronic granulomatous disease (CGD), a lymphatic malignancy, Hodgkin's Disease, a non-

Hodgkin's lymphoma, Castleman Disease; a non-lymphatic malignancy, a breast cancer, an ovarian

cancer, a colorectal cancer, a lung cancer, a liver cancer, a stomach cancer, a pancreatic cancer, and a

cancer of the central nervous system.

21. A method of treating a disease or disorder selected from the group consisting of

obesity, lymphatic vessel aplasia, edema, lymphatic vessel loss or damage due to surgical

intervention, lymphatic vessel loss, damage or deficiency due to organ or tissue transplant, reduced

lymphatic vessel function due to lymphatic vessel blockage, lymphatic vessel occlusion,

elephantiasis, cardiovascular disease, heart disease, chronic granulomatous disease (CGD), a

lymphatic malignancy, Hodgkin's Disease, a non-Hodgkin's lymphoma, Castleman Disease; a non-

lymphatic malignancy, a breast cancer, an ovarian cancer, a colorectal cancer, a lung cancer, a liver

cancer, a stomach cancer, a pancreatic cancer, and a cancer of the central nervous system

comprising:

identifying a mammal that has a disease or disorder selected from the group

consisting of obesity, lymphatic vessel aplasia, edema, lymphatic vessel loss or damage due

to surgical intervention, lymphatic vessel loss, damage or deficiency due to organ or tissue

transplant, reduced lymphatic vessel function due to lymphatic vessel blockage, lymphatic

vessel occlusion, elephantiasis, cardiovascular disease, heart disease, chronic granulomatous

disease (CGD), a lymphatic malignancy, Hodgkin's Disease, a non-Hodgkin's lymphoma,

Castleman Disease; a non-lymphatic malignancy, a breast cancer, an ovarian cancer, a



colorectal cancer, a lung cancer, a liver cancer, a stomach cancer, a pancreatic cancer, and a

cancer of the central nervous system; and

providing the isolated population of adipose-derived cells comprising lymphatic

endothelial cells (LECs) and pre-LECs, wherein greater than 5% of said population of

adipose-derived cells express FLT-4 to said identified mammal.

22. The method of Claim 21, wherein said isolated population of adipose-derived cells is

mixed with a biological material, an additive, a medical device, a prosthetic, a cell differentiation

factor, a growth promoter, an immunosuppressive agent, an anti-apoptosis agent, a biological tissue,

a tissue graft, a portion of unprocessed adipose tissue, a collagen, a population of adipose-derived

stem cells, a population of adipose-derived endothelial cells, or a population of adipose derived

progenitor cells.

23. The method of Claim 19, further comprising assessing said mammal for one or more

of the following: induction of lymphatic cell proliferation, lymphatic cell expansion, lymphatic

vessel formation, and lymphatic tissue formation.

24. A method of processing adipose tissue to obtain an isolated population of adipose-

derived cells that comprises lymphatic endothelial cell (LECs) and pre-LECs for transplantation in a

mammal in need thereof comprising:

providing adipose tissue from a mammal;

processing said adipose tissue by filtration or centrifugation or both to obtain an

adipose-derived cell population that is substantially separated from collagen, adipocytes, and

blood cells; and

determining the presence or absence of LECs or pre-LECs in said adipose-derived

cell population.

25. The method of Claim 24, wherein said processing step is performed in a closed

system.

26. The method of Claim 24, wherein said determining step comprises determining the

presence or absence of a marker for LECs or pre-LECs.

27. The method of Claim 26, wherein said marker is selected from the group consisting

of FLT-4, CD45, CD31, CD34, Podoplanin, LYVE-I, and Prox-1 or an RNA encoding FLT-4,

CD45, CD31, CD34, Podoplanin, LYVE-I, and Prox-1 or a fragment thereof.

28. The method of any one of Claims 24-27, further comprising:



mixing said adipose derived cell population with a biological material, an additive, a

support, a medical device, a prosthetic, a cell differentiation factor, a growth promoter, an

immunosuppressive agent, an anti-apoptosis agent, a biological tissue, a tissue graft, a

portion of unprocessed adipose tissue, a collagen, a population of adipose-derived stem cells,

a population of adipose-derived endothelial cells, or a population of adipose derived

progenitor cells.

29. The method of any one of Claims 24-27, further comprising

identifying a mammal in need of a transplantation of LECs or pre-LECs; and

providing said identified mammal an isolated population of adipose-derived cells

comprising lymphatic endothelial cells (LECs) and pre-LECs, wherein greater than 5% of

said population of adipose-derived cells express FLT-4.

30. The method of Claim 29, wherein said isolated population of adipose-derived cells is

mixed with a biological material, an additive, a medical device, a prosthetic, a cell differentiation

factor, a growth promoter, an immunosuppressive agent, an anti-apoptosis agent, a biological tissue,

a tissue graft, a portion of unprocessed adipose tissue, a collagen, a population of adipose-derived

stem cells, a population of adipose-derived endothelial cells, or a population of adipose derived

progenitor cells.

31. The method of Claim 29, wherein said mammal has a disease or disorder selected

from the group consisting of obesity, lymphatic vessel aplasia, edema, lymphatic vessel loss or

damage due to surgical intervention, lymphatic vessel loss, damage or deficiency due to organ or

tissue transplant, reduced lymphatic vessel function due to lymphatic vessel blockage, lymphatic

vessel occlusion, elephantiasis, cardiovascular disease, heart disease, chronic granulomatous disease

(CGD), a lymphatic malignancy, Hodgkin's Disease, a non-Hodgkin's lymphoma, Castleman

Disease; a non-lymphatic malignancy, a breast cancer, an ovarian cancer, a colorectal cancer, a lung

cancer, a liver cancer, a stomach cancer, a pancreatic cancer, and a cancer of the central nervous

system.

32. The method of Claim 29 or 30, wherein said mammal that is provided said adipose

derived cell population is the same mammal from which the adipose derived cell population was

obtained.

33. A method of delivering a chemotherapeutic agent to a mammal comprising:

identifying a mammal in need of a chemotherapeutic agent; and



providing the isolated population of adipose-derived cells comprising lymphatic

endothelial cells (LECs) and pre-LECs, wherein greater than 5% of said population of

adipose-derived cells express FLT-4, to said identified mammal, wherein said isolated

population of adipose derived cells expresses said chemotherapeutic agent.

34. The method of Claim 33, wherein said isolated population of adipose-derived cells is

mixed with a biological material, an additive, a support, a medical device, a prosthetic, a cell

differentiation factor, a growth promoter, an immunosuppressive agent, an anti-apoptosis agent, a

biological tissue, a tissue graft, a portion of unprocessed adipose tissue, a collagen, a population of

adipose-derived stem cells, a population of adipose-derived endothelial cells, or a population of

adipose derived progenitor cells.

35. A method of identifying a compound that modulates expansion or induction of cells

or tissue selected from the group consisting of adipose-derived LECs, adipose-derived pre-LECs,

lymphatic vessels, and lymphatic tissue, comprising:

providing a candidate compound;

contacting said candidate compound with an isolated population of adipose-derived

cells comprising lymphatic endothelial cells (LECs) and pre-LECs, wherein greater than 5%

of said population of adipose-derived cells express FLT-4;

determining a difference in the expansion of said population of adipose-derived cells

or the induction of lymphatic vessels or lymphatic tissue formation in the presence of said

candidate compound, as compared to expansion of said population of adipose-derived cells

or the induction of lymphatic vessel or lymphatic tissue formation in the absence of said

candidate compound; and

identifying said candidate compound as a compound that modulates expansion or

induction of adipose-derived LECs or pre-LECs, lymphatic vessels, or lymphatic tissue when

a difference in the expansion of said population of adipose-derived cells or the induction of

lymphatic vessels or lymphatic tissue formation in the presence of said candidate compound,

as compared to expansion of said population of adipose-derived cells or the induction of

lymphatic vessel or lymphatic tissue formation in the absence of said candidate compound is

determined.

36. The method of Claim 35, wherein said isolated population of adipose-derived cells is

mixed with a biological material, an additive, a medical device, a prosthetic, a cell differentiation

factor, a growth promoter, an immunosuppressive agent, an anti-apoptosis agent, a biological tissue,



a tissue graft, a portion of unprocessed adipose tissue, a collagen, a population of adipose-derived

stem cells, a population of adipose-derived endothelial cells, or a population of adipose derived

progenitor cells.

37. Use of the isolated population of adipose-derived cells of any one of Claims 1-9 to

prepare a medicament for transplantation.

38. The use of Claim 37, wherein the medicament further comprises a biological material,

an additive, a medical device, a prosthetic, a cell differentiation factor, a growth promoter, an

immunosuppressive agent, an anti-apoptosis agent, a biological tissue, a tissue graft, a portion of

unprocessed adipose tissue, a collagen, a population of adipose-derived stem cells, a population of

adipose-derived endothelial cells, or a population of adipose-derived progenitor cells.

39. The use of Claim 37 or 38, wherein said transplantation is a breast augmentation

procedure.

40. Use of the isolated population of adipose-derived cells of any one of Claims 1-9 to

prepare a medicament for inducing expansion of lymph vessels in a mammal.

41. The use of Claim 40, wherein the medicament further comprises a biological material,

an additive, a medical device, a prosthetic, a cell differentiation factor, a growth promoter, an

immunosuppressive agent, an anti-apoptosis agent, a biological tissue, a tissue graft, a portion of

unprocessed adipose tissue, a collagen, a population of adipose-derived stem cells, a population of

adipose-derived endothelial cells, or a population of adipose-derived progenitor cells.

42. Use of the isolated population of adipose-derived cells of any one of Claims 1-9 to

prepare a medicament for the treatment of a disease or disorder selected from the group consisting

of: obesity, lymphatic vessel aplasia, edema, lymphatic vessel loss or damage due to surgical

intervention, lymphatic vessel loss, damage or deficiency due to organ or tissue transplant, reduced

lymphatic vessel function due to lymphatic vessel blockage, lymphatic vessel occlusion,

elephantiasis, cardiovascular disease, heart disease, chronic granulomatous disease (CGD), a

lymphatic malignancy, Hodgkin's Disease, a non-Hodgkin's lymphoma, Castleman Disease; a non-

lymphatic malignancy, a breast cancer, an ovarian cancer, a colorectal cancer, a lung cancer, a liver

cancer, a stomach cancer, a pancreatic cancer, and a cancer of the central nervous system.

43. The use of Claim 42, wherein the medicament further comprises a biological material,

an additive, a medical device, a prosthetic, a cell differentiation factor, a growth promoter, an

immunosuppressive agent, an anti-apoptosis agent, a biological tissue, a tissue graft, a portion of



unprocessed adipose tissue, a collagen, a population of adipose-derived stem cells, a population of

adipose-derived endothelial cells, or a population of adipose-derived progenitor cells.
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