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ALLOGENEIC MICROVASCULAR TISSUE FOR SOFT TISSUE TREATMENTS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Application No.

61/454,367, filed March 18, 201 1, which is herein incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] This application is directed to compositions and methods relating to tissue

repair using allogeneic microvascular tissue or cells.

BACKGROUND

[0003] Tendon injuries are very common. Sprains will heal spontaneously, but

complete tears will often lead to disability if not surgically treated. Despite surgical

repairs, about 15% of Achilles tendons and 40% of two tendon rotator cuff repairs

subsequently fail. Furthermore, the repaired tendons seldom return to pre-injury strength

and function levels. Attempts to improve the success rate have involved better suture and

bone anchors, new surgical methods, and patches to reinforce the repair and provide

scaffolding for tissue ingrowth to thicken the tendon. There are also reports of improved

tendon healing using growth factors such as BMP-2, BMP- 12, PDGF-BB, and bFGF in

preclinical models.

[0004] Although some researchers have indicated tendon as a possible tissue to

grow using mesenchymal stem cells (MSC), very little work has been done along that line.

There is even less work reported with adipose- or other microvascular tissue-derived stem

or progenitor cells. It has been shown that fresh cells from adipose and other

microvascular tissues could be used for regenerating orthopedic tissues. Others have since

shown that these cells help treat tendon lesions in horse models of tendon injury, as well as

other conditions. These cells were always autologous or syngeneic.

[0005] However, the use of autologous sourced stem cells is inconvenient. It

requires two surgical procedures with associated pain, cost, and morbidity. There are also

risks in shipping the tissue to the lab for processing and a delay in treatment of the injury

or disease.

[0006] Recently bone graft products have been launched that use uncultured bone

marrow cells from allogeneic donors adsorbed to bone chips or demineralized bone matrix

(DBM). However, this type of product is unsuitable for soft-tissue repair and requires

special handling to preserve the bone marrow cells.



SUMMARY

[0007] Embodiments of the described invention may include embodiments with

one or more of the following features:

[0008] Use of allogeneic stem or progenitor cells for repair or regeneration of

tendon, ligament, or skin.

[0009] Use of processed microvascular tissue for repair or regeneration of tendons,

ligaments, or skin.

[001 0] Use of allogeneic processed microvascular tissue for regeneration of

tendons, ligaments, or skin.

[001 1] Use of uncultured, dried allogeneic stem or progenitor cells to repair or

regenerate bone, cartilage, tendon, ligaments, discs, or to reduce injury from an ischemic

event in a human.

[001 2] A processed microvascular tissue product which does not contain bone or

bone matrix suitable for implantation into an allogeneic or xenogeneic recipient.

[001 3] Manufacture of processed microvascular tissue from donors in a process

validated to prevent viral contamination between lots.

[0014] Manufacture of processed microvascular tissue from donors in a process

that uses a single enzyme, removes blood cells, or uses no enzyme.

[001 5] A product suitable for implantation into a patient containing processed

microvascular tissue which is stable at room temperature for more than a month.

[0016] A dried or lyophilized formulation of processed microvascular tissue.

[001 7] A formulation comprising processed microvascular tissue dried at

hyperbaric pressures.

[001 8] The use of nonviable stem or progenitor cells for the repair or regeneration

of bone, cartilage, tendon, ligaments, discs, or to reduce injury from ischemic events in

people.

[0019] The use of allogeneic or xenogeneic nonviable stem or progenitor cells for

the repair or regeneration of bone, cartilage, tendon, ligaments, discs, or to reduce injury

from an ischemic event in a human.

[0020] The use of stem or progenitor cell products with less than 50% viability for

the repair or regeneration of bone, cartilage, tendon, ligaments, discs, or to reduce injury

from an ischemic event in a human.



[0021] The use of cryoperserved allogeneic microvascular tissue for the repair or

regeneration of tendon or ligament.

[0022] A product suitable for implantation into a human patient comprising

processed microvascular tissue with less than 50% viability.

[0023] A product suitable for implantation into a human patient comprising stem

cells with stabilized membranes.

[0024] Combining allogeneic processed microvascular tissue with an orthopedic

implant; a porous, flexible implantable scaffold; a surgical implant; pure water; porous

coated implant; polymer solution; solvents such as DMSO, N-methylpyrrolidone (NMP),

and alcohols; hydrogel; hyaluronic acid or other glycosaminoglycans or proteoglycans;

collagen; fibrin; thrombin; blood clot; platelets; platelet rich plasma; demineralized bone

matrix; or cancellous bone for implantation into a patient.

[0025] Combining allogeneic processed microvascular tissue with any of the

following excipients: trehalose, sucrose, mannitol, or other sugars; glycols; DMSO;

aldehydes; albumin.

[0026] Allogeneic or xenogeneic processed microvascular tissue for repair or

regeneration of microvascular tissues other than bone in patients.

[0027] In an embodiment, a method is provided for repair or regeneration of a

tissue (e.g., tendon, ligament, or skin) comprising applying a plurality of uncultured

allogeneic stem or progenitor cells to the tissue and thereby effecting repair or

regeneration of the tissue as compared to a control tissue to which uncultured allogeneic

stem or progenitor cells are not applied. The plurality of uncultured allogeneic stem or

progenitor cells can be included in a processed or cryopreserved microvascular tissue.

The plurality of uncultured allogeneic stem or progenitor cells can include xenogeneic

cells.

[0028] In some embodiments, a plurality of uncultured allogeneic stem or

progenitor cells for use in a provided method can be less than 50% viable or can include

substantially no viable cells.

[0029] In another embodiment, a method is provided for repair or regeneration of a

tissue (e.g., tendon, ligament, bone, or skin) comprising applying a composition

comprising substantially intact cell membranes of non-viable stem or progenitor cells to

the tissue and thereby effecting repair or regeneration of the tissue as compared to a



control tissue to which the composition is not applied. The non-viable stem or progenitor

cells can be included in a processed or cryopreserved microvascular tissue.

[0030] In some embodiments, a composition for use in a provided method

comprises less than 50% viable cells or can include substantially no viable cells.

[0031] In some embodiments, a composition for use in a provided method can be

stable at room temperature and retains tissue healing activity for at least one month.

[0032] In some embodiments, a composition for use in a provided method can

include non-viable stem or progenitor cells that have been dried or lyophilized.

[0033] In some embodiments, a composition for use in a provided method can

include non-viable stem or progenitor cells have been treated to prevent microbial

contamination.

[0034] In some embodiments, a composition for use in a provided method can

further comprise an excipient or implantable scaffold.

[0035] In some embodiments, tissue healing activity in a provided method

comprises improved healing of a soft or hard tissue exposed to the composition as

compared to an analogous tissue similarly treated but without exposure to the composition.

[0036] In an embodiment, a composition is provided comprising a plurality of

uncultured stem or progenitor cells formulated for implantation into an allogeneic or

xenogeneic recipient, where the composition has tissue healing activity and includes no

bone or bone-derived matrix.

[0037] In another embodiment, a composition is provided comprising substantially

intact cell membranes of non-viable stem or progenitor cells formulated for implantation

into an allogeneic or xenogeneic recipient, where the composition has tissue healing

activity. In some embodiments, an internal component of the non-viable stem or

progenitor cells can be included in the composition.

[0038] In some embodiments, a composition provided herein can allogeneic stem

or progenitor cells that are included in a processed or cryopreserved microvascular tissue.

[0039] In some embodiments, a composition provided herein can include less than

50% viable cells. In some embodiments, a composition provided herein can include

substantially no viable cells.

[0040] In some embodiments, a composition provided herein can be stable at room

temperature and retain tissue healing activity for at least one month.



[0041] In some embodiments, the tissue healing activity of a composition provided

herein comprises improved healing of a soft or hard tissue exposed to the composition as

compared to an analogous tissue similarly treated but without exposure to the composition.

[0042] In some embodiments, a composition provided herein can include stem or

progenitor cells that have been dried or lyophilized.

[0043] In some embodiments, a composition provided herein can further include

an excipient or an implantable scaffold.

[0044] In some embodiments, a composition provided herein can include stem or

progenitor cells that has been treated to prevent microbial contamination.

[0045] While multiple embodiments are disclosed, still other embodiments of the

present invention will become apparent to those skilled in the art from the following

detailed description, which shows and describes illustrative embodiments of the invention.

Accordingly, the drawings and detailed description are to be regarded as illustrative in

nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] Figure 1 shows hematoxylin and eosin (H & E) stains of Achilles tendon

and associated tissue in surgical control, scaffold control, and scaffold plus microvascular

tissue cell (mVasc) sample sections.

[0047] Figure 2 shows trichrome stains of Achilles tendon and associated tissue in

surgical control, scaffold control, and scaffold plus microvascular tissue cell (mVasc)

sample sections.

[0048] Figure 3 shows H & E stains of Achilles tendon and associated tissue in

scaffold plus microvascular tissue cell sample sections, showing skin-like structures grown

into the scaffold.

[0049] Figure 4 shows a trichrome stain of Achilles tendon and associated tissue in

a scaffold plus microvascular tissue cell sample section, showing bone-like structure

grown into the scaffold where it was attached to the calcaneus.

[0050] Figure 5 shows immunohistochemical staining of tenascin expression in

Achilles tendon and associated tissue in surgical control, scaffold control, and scaffold

plus microvascular tissue cell (mVasc) sample sections.



DETAILED DESCRIPTION

[0051] Described herein is a process that generates allogeneic (i.e., allogeneic or

xenogeneic) processed or cryopreserved microvascular tissue which is ready to use off-

the-shelf when needed. Also described is the use of processed or cryopreserved allogeneic

microvascular tissue for soft tissue (e.g., tendon, ligament, skin) and hard tissue healing.

The processed or cryopreserved microvascular tissue provided herein is minimally

processed, uncultured microvascular tissue that includes a mixture of stem and/or

progenitor cells produced from the dissociation (e.g., by enzymatic digestion) of a

microvascular tissue (e.g., adipose, tendon, or muscle tissue). Processed or cryopreserved

microvascular tissue can include additional molecules (e.g., whole or fragmented

extracellular matrix molecules, growth factors, or cell surface molecules).

[0052] The term "processed microvascular tissue" as used herein refers to

microvascular tissue that is dissociated as described herein, and then dried using, for

example, a freeze-drying or spray drying technique. The term "cryopreserved

microvascular tissue" as used herein refers to microvascular tissue that is dissociated as

described herein, and then cryopreserved using known techniques. Processed

microvascular tissue and cryopreserved microvascular tissue have soft and hard tissue

healing (e.g., repair or regeneration) activity.

[0053] As used herein, "tissue healing activity" of a processed microvascular

tissue is the ability of the provided processed microvascular tissue to facilitate improved

healing (e.g., repair or regeneration) of a tissue (e.g., hard or soft tissue) exposed to the

provided processed microvascular tissue as compared to an analogous tissue similarly

treated but without exposure to a processed microvascular tissue. Improved healing is

measured using any appropriate means, such as time to complete healing, amount of new

tissue generated, strength of the resulting healed tissue, or functionality of the resulting

healed tissue. Soft tissue includes tendons, ligaments, fascia, skin, fibrous tissues, fat,

synovial membranes, muscle, nerves, and blood vessels. Soft tissue injuries that can

benefit from the soft tissue healing activity of the provided processed microvascular

tissues include, without limitation, injuries such as tendon and/or ligament tears and

injuries resulting from ischemic events.

[0054] Allogeneic and xenogeneic stem cells have not previously been used to

facilitate repair of soft tissues such as ligaments and tendons because of the difficulty of

producing new soft tissue with autologous stem cells and the perception that allogeneic



and xenogeneic stem cells will be rejected. In addition, the research on stem cell

preservation by freeze drying has been done on purified hematopoietic stem cells in order

to increase viability. In contrast, the process and composition described herein does not

rely on purified stem cells or cell viability. Rather, the provided process is used to

produce a processed or cryopreserved microvascular tissue containing a mixture of cells,

including nonviable cells, mesenchymal stem and progenitor cells, and other molecules

secreted by such cells (e.g., cytokines, growth factors, chemotactic molecules, and the

like). In some embodiments, the processed or cryopreserved microvascular tissue contains

a mixture of viable and nonviable cells.

[0055] Like autologous stem cell infusions, the allogeneic stem and/or progenitor

cells in the provided processed or cryopreserved microvascular tissue do not persist long

in a patient, but they trigger a cascade of responses in the patient that lead to improved

healing. The processed or cryopreserved microvascular tissue described herein need not

include viable or whole stem cells to induce improved soft tissue healing.

[0056] Processed or cryopreserved microvascular tissue described herein can be

produced by dissociating a microvascular tissue. In some embodiments, the microvascular

tissue is enzymatically digested using one or more enzymes. Suitable enzymes include

those that contribute to cell dissociation, such as collagenases and neutral proteases. The

enzymatic digestion process can be adjusted to increase or decrease cell dissociation. For

example, if more complete cell dissociation is desired, more than one enzyme can be

included or digestion time can be increased. While cell viability need not be maintained,

in some embodiments it is generally desired that cellular membranes remain generally

intact to preserve membranes containing attachment and signaling molecules even if some

cell lysis occurs during enzymatic digestion. Thus, the use of enzymes such as lipidases

may not be useful in such a process, according to one embodiment of the present

invention.

[0057] Alternatively, the microvascular tissue can be dissociated without the use of

enzymes. Rather, microvascular tissue can be dissociated using physical or chemical

means, including the use of chelators, ultrasonic agitation, or mechanical cell dissociation.

[0058] The procurement of donor microvascular tissue and subsequent treatment

can include steps for preventing microbial (e.g., bacterial, fungal, or viral) contamination.

For example, donors can be screened for a predetermined list of microbial organisms (e.g.,

HIV, HPV, EBV, TB, etc.) prior to processing. Screening can be done using known



techniques, such as detecting the presence of a microbial nucleic acid using polymerase

chain reaction, or by detecting the presence of a molecule associated with a particular

microbe by ELISA. Microbially contaminated microvascular tissue can be excluded from

use, according to some embodiments of the present invention. In addition, processed or

cryopreserved microvascular tissue can be produced using aseptic or sterile techniques.

[0059] Following tissue dissociation, microvascular tissue can be further treated to

remove undesired cells or molecules, such as red blood cells, lipids, or adipocytes.

Additional treatment will depend upon the source of microvascular tissue. For example, if

the microvascular tissue source is adipose tissue, the dissociated microvascular tissue can

be centrifuged at relatively low force to separate lipids, adipocytes, and some pre-

adipocytes from the rest of the microvascular tissue. In other embodiments, known

muscle cell isolation protocols, such as the use of density gradient centrifugation, may be

used to further treat muscle tissue following enzymatic digestion to remove muscle cells

and enrich for desired cells.

[0060] Once the microvascular tissue is prepared, it is preserved dried using a

freeze-drying or spray-drying technique to produce processed microvascular tissue, or is

cryopreserved. Any appropriate excipient can be used when preserving microvascular

tissue, including sugars (e.g., trehalose, mannitol, sucrose), polyalcohols (e.g.,

polyethylene glycol), aldehydes, proteins (e.g., albumin), amino acids (e.g., glycine),

surfactants (e.g., Tween 20), DMSO, and/or permanganates.

[0061] Freeze drying typically involves four steps: pretreatment, freezing, primary

drying, and secondary drying. Pretreatment can include concentration adjustment or the

addition of one or more excipients. Following pretreatment, the microvascular tissue is

frozen. The freezing step is typically done in a carefully controlled manner (e.g., at a rate

of cooling of between about -0.5° C per minute to about -50° C per minute) to preserve

cell structure, however cell viability need not be preserved. In some embodiments,

microvascular tissue is frozen at a rate of cooling of about -10° C per minute. The rate of

cooling can be adjusted based on the particular microvascular tissue and excipients used.

The microvascular tissue can be frozen using any appropriate means, including using

mechanical refrigeration and/or exposing a container containing the microvascular tissue

to dry ice or liquid nitrogen until it reaches a temperature suitable for freeze drying.

[0062] During the primary drying step, the temperature and pressure are adjusted

to provide conditions suitable to cause sublimation of water from the microvascular tissue.



The specific temperature and pressure can be adjusted to accommodate the excipient used

and/or the concentration of the microvascular tissue.

[0063] During the secondary drying step, the temperature and pressure can be

further adjusted to facilitate the removal of unfrozen water from the microvascular tissue.

The final water content following the secondary drying step is preferably between 1% and

4% by weight, but can be adjusted in order to maximize shelf life or soft tissue healing

activity.

[0064] In some embodiments, the microvascular tissue is spray dried. Prior to

spray drying, the microvascular tissue can be pretreated similarly to microvascular tissue

that is to be freeze dried, with the excipients being chosen as appropriate for spray drying

rather than freeze drying. During spray drying, the microvascular tissue is atomized into

droplets and exposed to heated air in a drying chamber.

[0065] In some embodiments, microvascular tissue is not processed by drying, but

cryopreserved. Methods for cryopreserving tissue are known. For example,

microvascular tissue is mixed with one or more excipients (e.g., DMSO) and cooled in a

carefully controlled manner. In some embodiments, cooling is done in two or more stages

in which the first stage is done in a controlled manner (e.g., reducing the temperature by

1° C per minute) to an intermediate temperature (e.g., -30° C), with the second stage

transferring cells at the intermediate temperature to a colder storage temperature (e.g., -

196° C).

[0066] Cryopreserved microvascular tissue is stored at a temperature suitable for

maintaining the cryopreserved state (e.g., from about -30° C to -196° C). Freeze dried or

spray dried processed microvascular tissue can be stored in a wider variety of conditions

than cryopreserved cells, live cells, or fresh tissue. Suitable temperatures for the storage

for processed microvascular tissue include temperatures from about -100° C to about 45°

C. In some embodiments, freeze dried or spray dried processed microvascular tissue can

be stored at room temperature. The shelf life of the provided processed microvascular

tissue is at least one week, and preferably, at least one month, while maintaining tissue

healing activity.

[0067] Additionally, because viability is not required for suitability of the

processed or cryopreserved microvascular tissue for use in soft tissue repair, the

preservation process and storage need not be adjusted to maintain viability. The

percentage of viable cells in the provided microvascular tissue before processing or



cryopreservation can be up to 100%. After processing or cryopreservation, it is less than

50%, e.g., less than 40%, less than 30%, less than 20%, or less than 10%. In some

embodiments, the provided processed microvascular tissue contains no viable cells after

processing or cryopreservation.

[0068] Further provided are methods of using processed microvascular tissue.

Processed microvascular tissue can be applied directly to a tissue in need of repair, or can

be applied to tissue surrounding such a tissue in need of repair. In some embodiments, a

dried processed microvascular tissue is reconstituted in a suitable carrier (e.g., water or

saline) and directly applied to a tissue in need of repair. In some embodiments,

reconstituted processed microvascular tissue is applied to a scaffold, such as a collagen

matrix or biocompatible fabric, prior to being applied to a tissue. In other embodiments, a

processed microvascular tissue is used to coat a material, such as a flexible biocompatible

scaffold (e.g., woven or nonwoven fabric sheets or thread), biocompatible microbeads or

particles, or an implantable medical device. Spray dried processed microvascular tissue is

particularly suited to coating a material comprising microbeads or particles without

requiring reconstitution prior to coating, as coating can be done during the spray drying

process.

[0069] Processed or cryopreserved microvascular tissue can be combined with any

suitable device or material prior to implant into a patient. Processed or cryopreserved

microvascular tissue can be combined with an orthopedic implant; a porous, flexible

implantable scaffold; a surgical implant; pure water; saline; a porous coated implant;

polymer solution; solvents such as DMSO, N-methylpyrrolidone (NMP), and alcohols;

hydrogel; hyaluronic acid or other glycosaminoglycans or proteoglycans; collagen; fibrin;

thrombin; blood clot; platelets; platelet rich plasma; demineralized bone matrix;

autologous cells; and/or cancellous bone.

[0070] Processed or cryopreserved microvascular tissue can be packaged alone for

example, in a vial, or in combination with other products, such as those listed as being

suitable for combination with processed or cryopreserved microvascular tissue. When

packaged with another material, the processed or cryopreserved microvascular tissue can

be separately packaged, or premixed or associated with the other material. In some

embodiments, processed microvascular tissue is packaged as a coating on a biocompatible

material.



[0071] The following examples are meant to illustrate specific embodiments, and

are not intended to limit the scope of the invention.

EXAMPLES

Example 1. Preparation of lyophilized microvascular tissue.

Preparation of microvascular tissue cells

[0072] Rat microvascular tissue was prepared from epididymal fat pads or inguinal fat

pads. Briefly, Worthington collagenase (lot #4145) was put into solution in phosphate

buffered saline at 1 mg/ml, resulting in a solution with a specific activity of 40 U/ml. This

collagenase solution was applied to the fat (inguinal and epididymal pads were processed

separately) in an equal volume to weight ratio and incubated at 4° C for 45 minutes while

mixing. Collagenase activity was stopped with 25% bovine serum albumin and the cells

were spun down. As assessed by trypan blue exclusion, cells collected from epididymal

fat pads had a viability of about 75%, while cells collected from inguinal fat pads had a

viability of about 80%. The cells were resuspended and counted. Epididymal fat yielded

about 720,000 cells per ml, and inguinal fat yielded about 215,000 cells per ml.

[0073] Human microvascular tissue can be prepared using lipoaspirate that is

enzymatically treated in a similar manner as the rat microvascular tissue.

Lyophilization of microvascular tissue cells

[0074] The collected cells were prepared for lyophilization in preservation medium (6.8%

trehalose, 2% Hetastarch, 5% albumin, and 1unit/ml heparin), and placed into glass vials

with stopper closures and crimp seals suitable for lyophilization. To lyophilize the cells,

the lyophilizer temperature was dropped from 23° C to -45° C at a rate of 2.5° C per

minute. Temperature was held at -45° C for 3 hours, followed by a first drying step.

During the first drying step, temperature was increased from -45° C to -35° C at a rate of

2.5° C per minute and the pressure was reduced to 80 torr, where the temperature and

pressure were held for 36 hours. A secondary drying step was then performed by

increasing the temperature from -35° C to -5° C at a rate of 0.2 C per minute, then held at

5° C for 6 hours. Following the second drying step, the vials were stoppered and crimp

sealed under nitrogen.



Viability assessment of microvascular tissue cells

[0075] Two days after lyophilization, the cells were rehydrated and initial cell viability

was assessed by trypan blue exclusion. Cell metabolic function was assessed by

measuring alamarBlue® (Life Technologies, Carlsbad, CA) metabolism according to the

manufacturer's instructions. Rehydrated cells were incubated in M3:10™ medium (Incell,

San Antonio, TX) supplemented with 10% fetal bovine serum in a T-25 flask at 37° C for

7 days to assess proliferation ability.

[0076] Following rehydration, the general structure of the cells appeared to be maintained

in 5-25% of cells, with a more exact calculation being difficult due to the appearance of

many broken cells. The cells had an initial viability of less than 1-2%, with few cells

retaining the ability to exclude trypan blue. The morphology of those cells maintaining

the ability to exclude trypan blue suggested they were undergoing apoptosis, displaying

enlarged nuclei and nuclear and cytoplasmic blebbing. No significant ability to

metabolize alamarBlue® was observed, indicating that metabolic integrity of the

lyophilized cells was not maintained. None of the cells were able to establish a culture in

M3:10™ medium, confirming low/no viability of the lyophilized cells.

Example 2. Treatment of tendon damage using cryopreserved microvascular tissue.

Preparation of cells from microvascular tissue

[0077] Microvascular tissue cells were prepared from rat epididymal fat pads as described

in Example 1. The cells were cryopreserved by resuspending the cells in M3DEF defined

medium without supplements (Incell), adding an equal volume of EZ-CPZ (Incell), with a

final DMSO concentration of 5%. The cells were then frozen slowly in vials in a slow

cool box overnight at -80° C and then transferred to -130°C. Viability of the

cryopreserved cells was determined to be less than 50% as assessed using trypan blue

exclusion. Viability was typically around 90% before preparation.

Preparation of microvascular tissue cell-impregnated scaffold material

[0078] BioFiber® Collagen-coated Scaffold material (Tornier) was placed on top

of thick gauze material resting in PBS. The scaffold material was pre-wet with PBS prior

to addition of microvascular tissue cells.

[0079] The cells were thawed quickly at 37° C, centrifuged at 400 x g for 5

minutes, and resuspended at 1 x 106 cells per ml in phosphate buffered saline (PBS). The



suspended cells were applied to the pre-wet scaffold material at a rate of 100 µ ΐ of the

suspended cells per cm2 of scaffold material, and allowed to absorb into the scaffold

material by wicking action of the gauze beneath the scaffold material.

[0080] Scaffold material was kept moist using PBS, and allowed to incubate for

15-20 minutes at 37° C and 5% CO2 in a humid chamber. Microvascular tissue cell-

impregnated scaffold material was kept moist and under aseptic conditions until use in

Achilles tendon model.

Achilles tendon damage model

[0081] Prior to treatment, 32 animals were weighed and randomly assigned to 4

treatment groups. The right rear limb of each animal was shaved one day prior to the start of

the test. Prior to surgery on Day 1, animals were weighed and anesthetized with an

intramuscular injection of ketamine hydrochloride 100 mg/mL (40-90 mg/kg) and xylazine

100 mg/mL (5-10 mg/kg). Mask or chamber induction with Isoflurane may also be used.

The skin was surgically prepared with betadine and alcohol scrubs, and draped using

aseptic surgical techniques.

[0082] Microvascular tissue cell-impregnated scaffold material was prepared

immediately prior to implantation. The graft was trimmed to 10 mm x 11 mm and two of

the corners were notched. Two 5-0 polypropylene sutures were placed in the graft for

fixation. The graft was then rolled to form a cylindrical structure for wrapping around the

Achilles tendon. The graft was set aside in the Petri dish with saline and covered until used.

[0083] A straight, lateral skin incision was made from the caudal (distal) tibia of the

right rear limb to the level of the mid tibia. The skin was dissected and retracted to allow a

lateral exposure of the Achilles tendon from calcaneus to its musculo-tendinous junction.

The exposed Achilles tendon was slightly abraded with mouse-tooth forceps prior to graft

test article placement. A single 0.5 mm drill hole was made in the lateral to medial direction

through the calcaneus to allow suture passage for graft fixation. The implant area was

irrigated with saline to remove any debris and blotted dry.

[0084] The graft was removed from the saline and then wrapped around the Achilles

tendon with the notched ends adjacent to the calcaneus. The graft edge was closed with

interrupted 5-0 polypropylene sutures. The cranial graft fixation suture was placed in the

gastrocnemius cranial to the musculo-tendinous junction using a modified Mason-Allen

suture pattern. The caudal graft fixation suture was then passed through the drill hole in the



calcaneus and tensioned with the foot in a neutral position and tied. Six suture knots were

tied for all fixation sutures. The incision was closed in a layered fashion using appropriate

suture material. The incision site was observed evaluated daily until day 10 post operation.

[0085] The rats were grouped into the treatment groups outlined in Table 1.

Table 1. Treatment Groups

Group No. Treatment

Surgical 8 Achilles tendon will be slightly abraded with mouse-
control tooth forceps

Scaffold 8 Achilles tendon will be slightly abraded with mouse-
control tooth forceps +Tornier's BioFiber Scaffold Coated with

Collagen

Scaffold + 8 Achilles tendon will be slightly abraded with mouse-
microvascular tooth forceps +Tornier's BioFiber Scaffold Coated with

tissue cells Collagen + Rat microvascular tissue cells (thawed)
(mVasc)

Tissueprocessing

[0086] Rats were euthanized at day 42 ± 1. Immediately following euthanasia, the

implanted test or control article sites and surrounding tendinous tissue were collected by

excision from each animal. All collected samples were split in half. One-half of the

collected tissue was stored in 10% neutral buffered formalin for routine histopathological

and immunohistochemistry evaluation. The remaining half was snap frozen at < -70°C in

liquid nitrogen for gene expression analysis. A section of tendon and liver of each animal

was also collected as staining controls and stored in 10% neutral buffered formalin for

immunohistochemistry evaluation.

[0087] Histopathological, immunohistochemical, and gene expression analysis was

done by BioModels (Watertown, MA). Briefly, hematoxylin and eosin and trichrome

stains were performed on the tissues stored in 10% neutral buffered formalin.

Immunohistochemistry utilizing anti-tenascin antibodies was also performed on the tissues

stored in 10% neutral buffered formalin and on the tissues collected as staining controls.

The tissues snap frozen at < -70°C were utilized for isolation of RNA and qPCR of tenascin.

Tenascin is a marker for tenocyte progenitor cells.



Results

[0088] Surgical controls showed normal histology in all but one animal, which

demonstrated cellular invasion and loss of fascicular structure. This is commonly seen in

tendons that have been treated surgically. Examples of H & E stains of tendon and

associated tissue in surgical control sample sections are shown in the left column of Figure

1. Examples of trichrome stains of tendon and associated tissue in surgical control sample

sections are shown in the left column of Figure 2.

[0089] Rats receiving scaffolds with no microvascular tissue cells showed tissue

invasion into the scaffolds. The associated tendons in the scaffold controls showed normal

structure in 6 of 8 animals. Two of the scaffold control animals showed inflammation,

which may have resulted from infections and/or wound dehiscence. Examples of H & E

stains of tendon and associated tissue in scaffold control sample sections are shown in the

center column of Figure 1. Examples of trichrome stains of tendon and associated tissue

in scaffold control sample sections are shown in the center column of Figure 2.

[0090] Rats receiving scaffold plus microvascular tissue cells also displayed tissue

invasion into the scaffolds. The associated tendons showed normal structure in 6 of 7

animals and cellular invasion in 1 of 7. In 5 of 7 of the animals, tendon approximated the

cell- loaded scaffolds, and the appearance of new tendon formation was evident in 4 of 7

animals. Examples of H & E stains of tendon and associated tissue in scaffold plus

microvascular tissue cell sample sections are shown in the right column of Figure 1.

Examples of Masson's trichrome stains of tendon and associated tissue in microvascular

tissue cell sample sections are shown in the right column of Figure 2 . One of the rats

exhibited inflammation and one animal showed bone ingrowth into the scaffold (Figure 4).

In two of the rats with scaffold plus microvascular tissue cells, skin appeared to have

grown in the vicinity of the scaffold (Figure 3), suggesting enhanced skin regeneration.

[0091] Quantitative PCR analysis for tenascin determined tenascin expression

levels to be 3.9-fold and 7.4-fold higher than surgical controls in the scaffold control and

scaffold plus microvascular tissue cells, respectively (absolute values, 2.3, 8.9, and 17.0

for surgical controls, scaffold controls, and scaffold plus microvascular tissue cells,

respectively). Immunohistochemical staining also showed an increase of tenascin

expression in scaffold plus microvascular tissue cells (Figure 5, right column).



[0092] Various modifications and additions can be made to the exemplary

embodiments discussed without departing from the scope of the present invention. For

example, while the embodiments described above refer to particular features, the scope of

this invention also includes embodiments having different combinations of features and

embodiments that do not include all of the above described features.



CLAIMS

The following is claimed:

1. A method for repair or regeneration of a tissue selected from the group

consisting of tendon, ligament, and skin, said method comprising applying a plurality of

uncultured allogeneic stem or progenitor cells to said tissue and thereby effecting repair or

regeneration of the tissue as compared to a control tissue to which uncultured allogeneic

stem or progenitor cells are not applied.

2. The method of claim 1, wherein said plurality of uncultured allogeneic

stem or progenitor cells are included in a processed or cryopreserved microvascular tissue.

3. The method of claim 1, wherein said plurality of uncultured allogeneic

stem or progenitor cells comprise xenogeneic cells.

4. The method of claim 1, wherein said plurality of uncultured allogeneic

stem or progenitor cells is less than 50% viable.

5. The method of claim 1, wherein said plurality of uncultured allogeneic

stem or progenitor cells contains substantially no viable cells.

6. A composition comprising a plurality of uncultured stem or progenitor cells

formulated for implantation into an allogeneic or xenogeneic recipient, said composition

having tissue healing activity and comprising no bone or bone-derived matrix.

7. The composition of claim 6, wherein said plurality of uncultured allogeneic

stem or progenitor cells are included in a processed or cryopreserved microvascular tissue.

8. The composition of claim 6, wherein said plurality of uncultured allogeneic

stem or progenitor cells is less than 50% viable.

9. The composition of claim 6, wherein said plurality of uncultured stem or

progenitor cells contains substantially no viable cells.

10. The composition of claim 6, wherein said composition is stable at room

temperature and retains tissue healing activity for at least one month.



11. The composition of claim 6, wherein said tissue healing activity comprises

improved healing of a soft or hard tissue exposed to the composition as compared to an

analogous tissue similarly treated but without exposure to the composition.

12. The composition of claim 6, wherein said uncultured stem or progenitor

cells have been dried or lyophilized.

13. The composition of claim 6, wherein said composition further comprises an

excipient.

14. The composition of claim 6, wherein said composition further comprises an

implantable scaffold.

15. The composition of claim 6, wherein said plurality of uncultured stem or

progenitor cells has been treated to prevent microbial contamination.

16. A method for repair or regeneration of a tissue selected from the group

consisting of tendon, ligament, bone, and skin, said method comprising applying a

composition comprising substantially intact cell membranes of non-viable stem or

progenitor cells to said tissue and thereby effecting repair or regeneration of the tissue as

compared to a control tissue to which the composition is not applied.

17. The method of claim 16, wherein said non-viable stem or progenitor cells

are included in a processed or cryopreserved microvascular tissue.

18. The method of claim 16, wherein said composition comprises less than

50% viable cells.

19. The method of claim 16, wherein said composition contains substantially

no viable cells.

20. The method of claim 16, wherein said composition is stable at room

temperature and retains tissue healing activity for at least one month.

21. The method of claim 16, wherein said tissue healing activity comprises

improved healing of a soft or hard tissue exposed to the composition as compared to an

analogous tissue similarly treated but without exposure to the composition.



22. The method of claim 16, wherein said non-viable stem or progenitor cells

have been dried or lyophilized.

23. The method of claim 16, wherein said composition further comprises an

excipient.

24. The method of claim 16, wherein said composition further comprises an

implantable scaffold.

25. The method of claim 16, wherein said non-viable stem or progenitor cells

have been treated to prevent microbial contamination.

26. A composition comprising substantially intact cell membranes of non

viable stem or progenitor cells formulated for implantation into an allogeneic or

xenogeneic recipient, said composition having tissue healing activity.

27. The composition of claim 26, further comprising an internal component of

the non-viable stem or progenitor cells.
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