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(57) ABSTRACT 

A method of processing an acellular tissue matrix to give a 
particulate acellular tissue matrix includes: cutting sheets of 
dry acellular tissue matrix into strips; cryofracturing the dry 
acellular tissue matrix strips at cryogenic temperatures; 
separating the resulting particles by siZe at cryogenic tem 
peratures; and freeze drying the fraction of particles desired 
siZe to remove any moisture that may have been absorbed to 

give a dry particulate acellular tissue matrix. Rehydration of 
the dry particulate acellular tissue matrix may take place just 
prior to use. The particulate acellular tissue may be applied 
to a recipient site, by Way of injection, spraying, layering, 
packing, in-casing or combinations thereof. The particulate 
acellular tissue may further include groWth and stimulating 
agents selected from epidermal groWth factor, ?broblast 
groWth factor, nerve groWth factor, keratinocyte groWth 
factor, platelet derived groWth factor, vasoactive intestinal 
peptide, stem cell factor, bone morphogetic proteins, chon 
drocyte groWth factor and combinations thereof. Other phar 
maceutically active compounds may be combined With the 
rehydrated particulate material including: analgesic drugs; 
hemostatic drugs; antibiotic drugs; local anesthetics and the 
like to enhance the acceptance of the implanted particulate 
material. The particulate material product may also be 
combined With stem cells selected from mesenchymal stem 
cells, epidermal stem cells, cartilage stem cells, hematopoi 
etic stem cells and combinations thereof. 
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PARTICULATE ACELLULAR TISSUE MATRIX 

[0001] This application is a divisional, and claims priority, 
of co-pending U.S. application Ser. No. 09/762,174, ?led 
Nov. 22, 2000, Which Was a 35 U.S.C. § 371 application of 
International Application No. PCT/US99/ 13861, ?led Jun. 
18, 1999, Which claimed priority of Us. Provisional Appli 
cation No. 60/089,865, ?led Jun. 19, 1998. The disclosures 
of Us. application Ser. No. 09/762,174, International Appli 
cation No. PCT/US99/13861, and Us. Provisional Appli 
cation No. 60/089,865 are incorporated herein by reference 
in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] Human, animal and synthetic materials are cur 
rently used in medical procedures to augment tissue or repair 
or correct tissue defects. To be optimum, such materials 
should not migrate and should promote the regeneration of 
normal tissue, repopulating With the host’s cells, revascu 
lariZing, and integrating With the patient’s oWn tissue With 
out triggering an in?ammatory response that results in the 
degradation or resorption of the material. Additionally, the 
manner of delivery of such material, eg by surgical proce 
dure or by injection, may signi?cantly affect the clinical 
applications of the material, the ease of use by the physician 
and the cost of the procedure. 

[0003] Injectable collagen and other materials have been 
used clinically for a Wide variety of pathological and cos 
metic applications in the ?elds of reconstructive surgery, 
dermatology, oncology, otolaryngology and urology. Cur 
rently, the most Widely used form of injectable collagen is 
derived from crosslinked bovine Type I collagen. In human 
clinical applications the effect of this xenogenic transplant is 
resorption by the human host. Patients receiving these 
xenogenic grafts are susceptible to an immune response to 
the animal collagen, requiring prescreening for existing 
antibodies. Examples of such materials may be found in Us. 
Pat. Nos. 4,582,640; 5,104,957; 5,728,752; and 5,739,176. 

[0004] Human collagen that may be injected is currently 
available and sold under the tradenames Autologen® o and 
Dermologen® and is manufactured by Collagenesis. This 
material it typically derived from autologous collagen 
obtained during elective surgery or allogenic collagen from 
cadavers. The starting material is dissociated by mechanical 
means and chemically treated to remove all noncollagenous 
proteins. The collagen is treated With additional chemicals to 
mask or crosslink the adverse effects of these damaged and 
exposed collagen ?bers. More information With regard to 
this technology may be found in Us. Pat. Nos. 4,969,912 
and 5,332,802. 

[0005] AlloDerm®, produced by LifeCell Corporation, is 
an acellular tissue matrix Which is produced from normal 
human skin using processing techniques established to 
remove the epidermis and cells Within the dermis Without 
signi?cantly altering the normal biochemistry and molecular 
architecture of the connective tissue matrix. The resulting 
product is in a freeZe-dried form alloWing extended shelf life 
and ease of shipping Without degradation or loss of the 
normal tissue matrix components. AlloDerm® is used clini 
cally to repair or replace damaged or inadequate tissues. 
Reported applications for AlloDerm® include: full thickness 
burn injury, replacement of lost gingiva due to periodontal 
disease, reconstructive surgical applications involving the 
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replacement of lost tissue or restoration of normal surface 
contours of skin damaged due to injury or aging neurosur 
gical application to replace lost dura and in urological 
applications such as bladder slings and pelvic ?oor recon 
struction. AlloDerm® has been reported to integrate at the 
graft site Where it is rapidly repopulated With the normal 
milieu of host cells. A reported bene?t of AlloDerm® is that 
it maintains the structure and biochemistry of the tissue 
matrix, promoting normal tissue regeneration. Studies have 
indicated that AlloDerm® retains decorin, hyaluronic acid, 
chondroitin sulfates, nidogen, groWth factors and other 
biochemical proteins present in normal soft tissues. Addi 
tionally, AlloDerm® is reported to contain the basement 
membranes of vascular channels and the orientation of 
elastin and collagen ?bers of the starting dermal tissue. For 
these reasons it is believed that the structure and biochem 
istry of the AlloDerm® matrix promotes tissue regeneration. 
Reducing sheet AlloDerm® to a particulate suitable for 
injection should extend the bene?cial properties of Allo 
Derm® to several neW applications. 

[0006] Methods presently used to produce currently avail 
able injectable collagen materials include mechanical dis 
ruption of the starting material in its Wet, hydrated state. 
HoWever, When such processes are carried out on intact 
autograft, allograft or xenograft tissue, damage to the matrix 
occurs such that folloWing transplantation a foreign body 
response and rapid resorption of the tissue matrix occurs. 
Further, microscopic and histological analysis of material 
processed in such a manner exhibit mechanical disruption of 
the collagen ?bers. Mechanical disruption of dried human or 
animal tissue at non-cryogenic temperatures is believed to 
create a similar disruption of the collagen ?bers, resulting in 
a foreign body response by the recipient and resorption of 
the material. 

[0007] Thus there exists an unmet need for a method of 
making an intact particulate acellular tissue matrix from 
acellular tissues. 

SUMMARY OF THE INVENTION 

[0008] The present invention is generally directed to a 
method of processing an acellular tissue matrix to give a 
particulate acellular tissue matrix. A general embodiment of 
the method of the present invention includes the steps of: 
cryofracturing the dry acellular tissue matrix strips at cryo 
genic temperatures; and separating the resulting particles by 
siZe at cryogenic temperatures. In a preferred embodiment, 
the method of the present invention includes: cutting sheets 
of dry acellular tissue matrix into strips; cryofracturing the 
dry acellular tissue matrix strips at cryogenic temperatures; 
separating the resulting particles by siZe at cryogenic tem 
peratures; and freeZe drying the fraction of particles desired 
siZe to remove any moisture that may have been absorbed to 
give a dry particulate acellular tissue matrix. Rehydration of 
the dry particulate acellular tissue matrix may take place just 
prior to use. 

[0009] It is generally preferred that the cryofracturing be 
carried out at temperatures below 00 C. and preferably the 
temperature should be beloW about —500 C. and more 
preferably should be beloW about —1000 C. Commercially 
available refrigerants can be used to achieve such tempera 
tures, Which may include halocarbon refrigerants, liquid 
carbon dioxide, liquid nitrogen, liquid argon, liquid helium 
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and other similar such Well known non-chemically reactive 
and thus inert and non-toxic refrigerants. The separation of 
the resulting particles should also be carried out at cryogenic 
temperatures utilizing a series of metal mesh screens suit 
ably sized for the particle range desired. In one preferred 
embodiment the screens are selected so as to isolate particles 
having a size of about 1 micron to about 900 microns and 
preferably screens are selected to isolate particles having a 
size from about 30 microns to about 800 microns. The 
present invention also encompasses the product of the above 
described processes. 

[0010] These and other features of the present invention 
are more fully set forth in the folloWing description of 
illustrative embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The description is presented With reference to the 
accompanying draWings in Which: 

[0012] FIG. 1 is an illustration of a bundle of collagen 
?bers Which have been cryofractured in accordance With the 
present invention. 

[0013] FIG. 2 is an illustration of a bundle of collagen 
?bers Which have been homogenized at room temperature. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0014] Acellular tissue matrix tissue is the result of a 
multistep process in Which the tissue is collected from a 
donor and processed so as to isolate the natural tissue matrix. 
In its preferred form, the process includes the steps of 
processing biological tissues including treatment With a 
stabilizing solution to reduce procurement damage, treat 
ment With a processing solution to remove cells and other 
antigenic tissue components, treatment With a cryoprotectant 
solution, freezing and storage under speci?c conditions to 
avoid functionally signi?cant damaging ice crystal forma 
tion, drying under conditions to prevent damaging ice 
recrystallization, storage in the dry state at above freezing 
temperatures, rehydration under speci?c conditions and With 
a rehydration solution to minimize surface tension damage 
and further augment the selective preservation of the matrix, 
and reconstitution With viable cells that Will not be rejected 
by the host. 

[0015] The above summarized process for producing acel 
lular dermal or other tissue matrix is more fully disclosed in 
US. Pat. No. 5,336,616, the entire contents of Which is 
incorporated herein by reference. 

[0016] One of skill in the art Will appreciate hoWever that 
other acellular tissue matrix tissues may be used in the 
present invention. For example, acellular tissue matrix tissue 
derived from xenogenic source may be used in addition to 
the human derived tissue disclosed above, and other tissues 
such as blood vessels, heart valves, fascia and nerve con 
nective tissue may be used to create a particulate acellular 
matrix Within the scope of the present invention. Thus in one 
preferred embodiment of the present invention, the method 
disclosed herein utilizes acellular tissue matrix tissue, herein 
also referred to as AlloDerm®, Which is commercially 
available from LifeCell Corporation, The Woodlands Tex. 

[0017] The process of the present invention utilizes a 
chemical free and minimally disruptive technique Which 
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minimizes the damage to the collagen ?bers including 
sheared ?ber ends that result from the conventional Wet or 
dry processes previously disclosed. The resulting particulate 
acellular tissue matrix can be suspended in a suitable car 
rying agent and thereby is made suitable for delivery 
through hypodermic needle injection or other modes of 
application including, spraying, layering, packing, in-casing 
or combinations of these methods. One of skill in the art 
should also appreciate that the particulate acellular matrix 
may be reconstituted into a sheet, or into a gelatinous form 
or other forms for use. 

[0018] Generally the method of the present invention 
includes the steps of: cryofracturing the dry acellular tissue 
matrix strips at cryogenic temperatures; and separating the 
resulting particles by size at cryogenic temperatures. In a 
preferred embodiment, the method of the present invention 
includes: cryofracturing the dry acellular tissue matrix strips 
at cryogenic temperatures; separating the resulting particles 
by size at cryogenic temperatures; and freeze drying the 
fraction of particles desired size to remove any moisture that 
may have been absorbed to give a dry particulate acellular 
tissue matrix. In a more preferred embodiment the method 
of the present invention includes: cutting sheets of dry 
acellular tissue matrix into strips; cryofracturing the dry 
acellular tissue matrix strips at cryogenic temperatures; 
separating the resulting particles by size at cryogenic tem 
peratures; freeze drying the fraction of particles desired size 
to remove any moisture that may have been absorbed to give 
a dry particulate acellular tissue matrix; and rehydrating the 
dry particulate acellular tissue matrix. 

[0019] Preferably the dry acellular tissue matrix is cryo 
genically cooled to a temperature that permits the cryogenic 
fracturing, shattering or milling of the material. In one 
embodiment of the present invention a sterilized homog 
enizer cooled to liquid nitrogen temperatures is utilized. The 
resulting cryogenically fractured material is then passed 
through a series of particle size exclusion screens so as to 
isolate the desired range of particulate acellular tissue matrix 
material. Once isolated, the particulate acellular tissue 
matrix material may be freeze-dried so as to remove any 
moisture that may have been absorbed to the matrix during 
the above described process. 

[0020] Generally the particulate acellular tissue matrix is 
produced in such a Way as to minimize the amount of 
mechanical damage incurred When reducing an intact tissue 
to a particulate form. As illustrated in FIG. 1. the cryofrac 
turing of the collagen ?bers in accordance With the present 
invention results in a “clean” break of the collagen ?bers. 
This is in contrast With the frayed ends and substantially 
damaged collagen ?bers that result from the room tempera 
ture shredding of collagen tissue as is the practice in the 
prior art. The damage cause by the mechanical shredding of 
the collagen ?ber bundle, and in particular the end of the 
collagen ?bers is illustrated in FIG. 2. The above illustra 
tions are based on electron microscopic observation of the 
processed materials and are representative of the ends of the 
collagen ?ber bundles present in the collagen based tissues. 

[0021] In developing the process of the present invention, 
several factors Were found to be important to the neW and 
unexpected properties of the resulting particulate acellular 
tissue matrix. One such factor is the temperature at Which 
the homogenization or cryofracturing of the dry acellular 
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matrix, such as AlloDerm®, takes place. As the term is used 
herein, homogenization and cryofracturing are utilized inter 
changeably and are intended to mean the process of creating 
particulate material from the sheet like starting material. It 
has been found that the temperature at Which the cryofrac 
turing takes place should be su?iciently enough beloW room 
temperature so that the collagen ?bers are cryogenically 
fractured and not shredded or torn. Generally the tempera 
ture should be beloW 0° C. and preferably the temperature 
should be beloW about —500 C. and more preferably should 
be beloW about —l00o C. Commercially available refriger 
ants can be used to achieve such temperatures, Which may 
include halocarbon refrigerants, liquid carbon dioxide, liq 
uid nitrogen, liquid argon, liquid helium and other similar 
such Well knoWn non-chemically reactive and thus inert and 
non-toxic refrigerants. 

[0022] Another factor found to be important in achieving 
the present invention is the particle size of the particulate 
acellular tissue matrix material. In order to select the desired 
range of particles, a cryogenically cooled homogenizing 
toWer is utilized. The role of the homogenization toWer is to 
separate particles Which are too small or too large in size 
from those Within the desired particle size range. In one 
embodiment, liquid nitrogen is utilized in combination With 
a ?rst metal screen to reject those particles that are too large. 
A second metal screen is used in conjunction With liquid 
nitrogen to capture those particles of the proper minimum 
size and to alloW those particles that are too small to be 
removed. In one preferred embodiment the ?rst screen is 
about 0.03 inch (0.0762 cm) metal screen and the second 
screen is about 0.0015 inch (0.00381 cm) metal screen. In 
another embodiment the screens are selected so as to isolate 

particles having a size of about 1 microns to about 900 
microns and preferably screens are selected to isolate par 
ticles having a size from about 30 microns to about 800 
microns. 

[0023] The resulting particulate acellular tissue matrix 
may be rehydrated by suspension of the particles in any 
suitable aqueous solution, preferably normal saline and local 
anesthetic. If desired the rehydrated particulate acellular 
tissue matrix may be isolated by ?ltration or pelletizing the 
particle via centrifugation and decantation of the superna 
tant. The particulate acellular tissue matrix may then be 
resuspended to an appropriate concentration in a suitable 
physiologically compatible carrier, such as normal saline, 
normal saline and local anesthetic or if desired a pharma 
ceutical carrier. Either the physiological carrier or the rehy 
drating saline solution may contain antibiotics or other 
drugs, cells or cell extracts, anti-in?ammatory agents, pro 
teoglycans, analgesics, hemostatic agents, groWth factors 
such as epidermal groWth factor, ?broblast groWth factor, 
nerve groWth factor, keratinocyte groWth factor, platelet 
derived groWth factor, vasoactive intestinal peptide, stem 
cell factor, bone morphogenic proteins, chondrocyte groWth 
factor and other similar such components as Well as other 
components that are desirable at the injection site. 

[0024] Once rehydrated, the particulate acellular tissue 
matrix may also be combined With stem or progenitor cells 
prior to or during transplantation into the host. These stem 
cells may be native to the site of transplantation, but due to 
their nature need not be. One of ordinary skill in the art 
should understand and appreciate that upon division, stem 
cells replicate and also give rise to cells that differentiate 
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further into one or more specialized cells. Such stem cells 
may include mesenchymal stem cells, epidermal stem cells, 
cartilage stem cells, hematopoietic stem cells, and other 
similar cells. 

[0025] Thus in one illustrative embodiment of the present 
invention the processing of acellular tissue matrix to create 
injectable size particles includes: cutting sheets of dry 
acellular tissue matrix into strips using a modi?ed cutting or 
meshing devise; homogenization of the dry acellular tissue 
matrix strips at cryogenic temperatures; separation of the 
resulting particles by size at cryogenic temperatures; and 
freeze drying the fraction of particles desired to remove any 
moisture that may have been absorbed during homogeniz 
mg. 

[0026] Another illustrative embodiment of the present 
invention includes the processing of acellular tissue derived 
from a human donor, e.g. AlloDerm®, to create injectable 
size particles includes: cutting sheets of dry acellular tissue 
matrix into strips using a modi?ed cutting or meshing 
devise; equilibration of homogenizing equipment to liquid 
nitrogen temperatures; addition of dry acellular tissue matrix 
strips to a liquid nitrogen cooled homogenizer; cryofractur 
ing of the dry acellular tissue matrix strips at liquid nitrogen 
temperatures; separation of the resulting particles by size at 
liquid nitrogen temperatures; and freeze drying the fraction 
of particles desired to remove any moisture that may have 
been absorbed during homogenizing. 

[0027] Potential applications of the particulate acellular 
tissue matrix materials disclosed herein may include: der 
matological applications such as acne scar revision, replace 
ment of dermis lost to disease or accident; urological appli 
cations such as the relief of incontinence, and vesicoureteral 
re?ux; otolaryngological applications including vocal cord 
position adjustment; reconstructive surgical applications to 
replace tissue lost to cancer surgery or other surgical pro 
cedures in Which there is the removal of tissue; cosmetic 
surgery procedures such as tissue replacement, reconstruc 
tion or augmentation procedures; correctional procedures 
for gastrointestinal re?ux; and other applications Which 
should be appreciated by one of skill in the art. As an 
illustrative example, see U.S. Pat. No. 5,712,252, the con 
tents of Which are hereby incorporated herein by reference 
and the references cited therein. 

[0028] The folloWing examples are included to demon 
strate preferred embodiments of the invention. It should be 
appreciated by those of skill in the art that the techniques 
disclosed in the examples Which folloW represent techniques 
discovered by the inventors to function Well in the practice 
of the invention, and thus can be considered to constitute 
preferred modes for its practice. HoWever, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many changes can be made in the speci?c embodiments 
Which are disclosed and still obtain a like or similar result 
Without departing from the scope of the invention. 

[0029] Preparation Of Acellular Tissue Matrix 

[0030] The folloWing procedure Was carried out in accor 
dance With the teachings of process for producing acellular 
dermal or other tissue matrix is fully disclosed in Us. Pat. 
No. 5,336,616, the entire contents of Which is incorporated 
herein by reference, as Well as being the subject of co 
pending U.S. patent applications including: Ser. No. 09/029, 
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179, ?led Aug. 22, 1998; and the contents of Which are 
hereby incorporated herein by reference. This material is 
commercially available from LifeCell Corporation, The 
Woodlands Tex. 

[0031] Donor skin is harvested under aseptic conditions 
With a dermatome, and maintained at 400 C. in RPMI 1640 
tissue culture media containing penicillin and streptomycin 
solution for no more than 7 days prior to further processing. 
Transportation to LifeCell’s tissue processing center is via 
overnight delivery, on Wet ice, in the same media. On arrival 
at the processing center, the temperature of the tissue con 
tainer is veri?ed to be at least 400 C., or the skin discarded. 
FolloWing veri?cation of container temperature, donor iden 
ti?cation and test screening data, the skin is transferred to a 
laminar-?ow hood for further processing. 

[0032] The donor skin is removed from the transportation 
container and placed With its reticular side doWn on a piece 
of siZing support being a loW density polyethylene. An 
appropriately siZed piece of gauZe is added to the epidermal 
side of the skin Which is then cut into a rectangular piece as 
large as possible, not to exceed a 4x4 inch square and no 
smaller than 2><3 inches. The skin is then placed reticular 
side doWn, in a petri dish, to Which 50 ml of De-epidermiZ 
ing Solution consisting of 1 M NaCl is added. The petri dish 
is then transferred to an incubator and incubated at 37°12o 
C. for 18 to 32 hours for human skin and 35 to 55 hours for 
porcine skin. 

[0033] After incubation, the petri dish containing the skin 
is transferred to a laminar ?oW hood for deepidermiZation. 
The gauZe is ?rst removed and discarded. The epidermis is 
then gently grasped With forceps and pulled aWay from 
dermis as a sheet. The excess De-epidermiZing Solution is 
then aspirated. A slit approximately one centimeter long is 
then made in the loWer left comer of the dermis to identify 
the upper and loWer surfaces. 

[0034] The dermis is next rinsed in the same petri dish by 
the addition of 50 ml Tissue Wash Solution, consisting of 
sterile Hanks’ balanced salt solution. The petri dish is then 
placed on a rotator at 4015 RPM for 5 minutes at room 
temperature (20°-26o C.). The petri dish is then returned to 
the laminar ?oW hood and the lid from the petri dish is 
removed in order to aspirate the Tissue Wash Solution. This 
procedure is repeated a further tWo times. 

[0035] The dermis is then treated With 50 ml. of De 
cellulariZing solution and the petri dish is placed on a rotator 
at 4015 RPM for 1 hour at room temperature (20°-26o C.). 
The decellulariZing solution for human skin consists of 0.5% 
sodium dodecyl sulfate in Hanks’ balanced salt solution and 
for porcine skin contains 1 mM disodium ethylenediamine 
tetraacetic acid (EDTA). The De-cellulariZing solution is 
removed by aspiration. The dermis is then Washed With 50 
ml of Tissue Wash Solution. The petri dish is then placed on 
a rotator at 4015 RPM for 5 minutes at room temperature 
(20°-26o C.). The Tissue Wash Solution is removed by 
aspiration. The Washing procedure is repeated (2) times. 
After the dermis has been Washed a total of 3 times 50 ml 
of Pre-freeZing Solution is added to the petri dish. The dish 
is then placed on a rotator at 4015 RPM for 30 minutes at 
room temperature (20°-26o C.). The prefreeZing solution for 
human skin consists of 7% dextran (70,000 MWT), 6% 
sucrose, 6% raf?nose and 1 mM disodium ethylenediamine 
tetraacetic acid in Hanks’ balanced salt solution. The pre 
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freeZing solution for porcine skin consists of 7.5% dextran 
(70,000 MWT), 6% sucrose, 7.5% polyvinylpyrrolidone 
(MWT 40,000), 1.25% raf?nose and 1 mM disodium eth 
ylenediamine tetraacetic acid made up in Hanks’ balanced 
salt solution. 

[0036] A neW piece of gauZe is then placed on the papil 
lary side of the dermis and the dermis is turned over so that 
the reticular side faces up. The backing from the reticular 
side of the piece of dermis is discarded into a biohaZard 
Waste container. An approximately 0.5 to 1.0 cm Wide strip 
of backing and dermis is then cut from the original sample. 
This strip is then cut into tWo satellite pieces, each approxi 
mately 1.0 cm long. All necessary quality assurance is 
ultimately performed on these satellite samples, including 
microbiology and structural analysis. 

[0037] The tissues are then transferred into individual 
TYVEK bags. The tissues are positioned in the bag backing 
side up With the White vent side doWn. The TYVEK bag is 
then heat sealed. 

[0038] The sealed Freeze-dry Bag is transferred to a 
freeZe-dryer Which has a minimum shelf temperature of 
—700 C. and a minimum condenser temperature of —85° C. 
The tissue is then froZen on the freeZe-dryer shelf by 
ramping the shelf temperature at a rate of —2.50 C./minute to 
—35° C., and held for at least 10 minutes. 

[0039] The drying cycle is such that the ?nal residual 
moisture content of the sample is less than 6% and optimally 
2%. In this example, the froZen dermis is dried by the 
folloWing program: 

[0040] 1. The shelf temperature is ramped at a rate of 
—2.50 C./minute to —35° C., and held for 10 minutes, 
With vacuum set to 2000 mT (266 Pa). 

[0041] 2. The shelf temperature is then ramped at a rate 
of 1 .5o C./minute to —23° C., and held for 36 hours With 
vacuum set to 2000 mT (266 Pa). 

[0042] 3. The temperature is then ramped at rate of 1 .5o 
C./minute to a shelf temperature of —15° C., and held 
for 180 minutes With vacuum set to 2000 mT (266 Pa). 

[0043] 4. The temperature is then ramped at a rate of 
1.50 C./minute to a shelf temperature of —5° C. and held 
for 180 minutes With vacuum set to 2000 mT (266 Pa). 

[0044] 5. The temperature is ?nally ramped at a rate of 
1.50 C./minute to a shelf temperature of 200 C. and held 
for 180 minutes With the vacuum set to 0 mT (0 Pa). 

[0045] FolloWing drying, the Freeze-dry Bag containing 
the dried dermis is unloaded under an atmosphere of dry 
nitrogen gas, placed in a second predried impervious pouch 
and heat sealed under the same inert environment. 

[0046] During the processing procedure and prior to seal 
ing for freeZe drying, a satellite sample is cut from the main 
sample and further processed under identical conditions to 
the main sample. Prior to use of the main sample in 
transplantation, all necessary quality assurance is performed 
on the satellite sample, including microbiology and struc 
tural analysis. 

[0047] FolloWing drying, the sample is stored at above 
freeZing temperatures, optimally 400 C. in a light protected 
environment. 
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[0048] Preparation Of Particulate Acellular Tissue Matrix 

[0049] The following procedure utilizes AlloDerm®, an 
acellular tissue matrix packaged Without a backing material 
the preparation of Which is described above. AlloDerm® is 
commercially available from LifeCell Corporation, The 
Woodlands Tex. After removal from the packaging, the dry, 
acellular tissue matrix is cut into strips using a Zimmer 
mesher ?tted With a non-interrupting “continuous” cutting 
Wheel. The resulting long strips of acellular tissue matrix are 
cut into lengths of about 1 to about 2 centimeters in length. 

[0050] A homogenizer and sterilized homogenizer probe, 
such as a LabTeck Macro homogenizer available from 
OMNI International, Warrenton, Va., is assembled and 
cooled to cryogenic temperatures using sterile liquid nitro 
gen Which is poured into the homogenizer toWer. Once the 
homogenizer has reached cryogenic temperatures, acellular 
tissue matrix previously prepared into strips as noted above 
are added to the homogenizing toWer containing sterile 
liquid nitrogen. The homogenizer is then activated so as to 
cryogenically fracture the strips of acellular tissue matrix. 
The time and duration of the cryogenic fractionation step 
Will depend upon the homogenizer utilized, the size of the 
homogenizing chamber, the speed and time at Which the 
homogenizer is operated and should be able to be deter 
mined by one of skill in the art by simple variation of the 
parameters to achieve the desired results. 

[0051] The cryofractured particulate acellular tissue 
matrix material is sorted by particle size by Washing the 
product of the homogenizer With liquid nitrogen through a 
series of metal screens, that have also been cooled to liquid 
nitrogen temperatures. We have found it especially useful to 
utilize a combination of screens Within the homogenizing 
toWer of the type described above in Which the particles are 
Washed and sorted ?rst to exclude oversized particles and 
then to exclude undersized particles. 

[0052] Once isolated, the particulate acellular tissue 
matrix is removed and placed in a vial for freeze drying once 
the sterile liquid nitrogen has evaporated. This last step is to 
ensure that any residual moisture that may have been 
absorbed during the above procedure is removed. 

[0053] The ?nal product is a White poWder having a 
particle size of about 1 micron to about 900 microns and 
preferably a particle size of about 30 microns to about 750 
microns. Preferably the particles are distributed about a 
mean of about 150-300 microns. The material is readily 
rehydrated by suspension in normal saline or other similar 
suitable rehydrating agent. The rehydrated acellular tissue 
matrix may be resuspended in normal saline or any other 
suitable pharmaceutically compatible carrier. 

[0054] lnj ection Of Particulate Acellular Tissue Matrix: A 
sample of the dry cryofractured particulate acellular tissue 
matrix made in accordance With the procedure disclosed 
hereinabove Was rehydrated and resuspended in phosphate 
buffer saline at a concentration of about 50 mg of particulate 
material per milliliter of phosphate buffered saline. The 
suspension Was draWn into 1 cc tuberculin syringes. The 
samples Were sent by overnight delivery at 40 C. to an 
independent laboratory for injection into test animals. The 
samples Were injected either into the dorsum of the back in 
the subcutaneous plane or subauricularly (on the back of the 
ears) of rats. The animals Were monitored for 3 days, at 
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Which time samples of the skin surrounding and including 
the area of injection Were excised for evaluation. Histologi 
cal evaluation revealed particles of human dermis just above 
the subcutaneous muscle layer in the rat. Microscopic 
examination of the excised tissue revealed that the particu 
late acellular tissue matrix had been repopulated With rat 
cells With no evidence of severe acute in?ammatory 
response by the host animal. 

[0055] Comparison Of Wet Processed And Cryofractured 
Acellular Tissue Matrix: 

[0056] Samples of both the Wet processed (room tempera 
ture) particulate acellular tissue matrix and the cryofractured 
(liquid nitrogen temperature) particulate acellular tissue 
matrix Were prepared in the folloWing manner: Wet pro 
cessed particulate acellular tissue matrix Was made by ?rst 
rehydrating a sample of AlloDerm® and cutting the rehy 
drated acellular tissue matrix into strips and homogenizing 
those strips in phosphate buffered saline at room tempera 
ture. The cryofractured particulate acellular tissue matrix 
Was prepared in accordance With the process of the present 
invention as described hereinabove. Prior to use, the cryof 
ractured particulate acellular tissue matrix Was rehydrated in 
phosphate buffered saline and pelleted using centrifugation. 

[0057] Samples of each of the resulting particulate acel 
lular tissue matrix materials Were suspended in phosphate 
buffer saline at a concentration of about 50 mg of particulate 
material per milliliter of phosphate buffered saline. The 
suspension Was draWn into 1 cc tuberculin syringes. The 
samples Were sent by overnight delivery at 40 C. to an 
independent laboratory for injection into test animals. 
Samples Were injected either into the dorsum of the back in 
the subcutaneous plane or subauricularly into rats. The 
animals Were monitored for 3 Weeks after Which samples of 
the tissue surrounding and including the point of injection 
Were excised for evaluation. Macroscopic and microscopic 
inspection of the samples revealed the folloWing: 

Wet Processed Cryofractured 

Macroscopic l/l5* l2/l5* 
Microscopic 6/30* 24/30* 

*# of samples exhibiting persistence of particulate AlloDerm ®/Total # of 
samples 

[0058] Upon revieW of the above, one of skill in the art 
should understand and appreciate that the samples that Were 
processed in accordance With the present invention had a 
rate of persistence approximately four times that of the Wet 
processed material. From this, such a person should con 
clude that the Wet processed particulate acellular tissue 
matrix causes fundamental changes to the physiological 
properties of the acellular tissue matrix resulting in a more 
rapid degradation or resorption of the sample by the host 
animal. 

[0059] Long Term Animal Study: Cryofractured particu 
late acellular porcine tissue matrix prepared in accordance 
With the process of the present invention Was injected 
subcutaneously and subderrnally in a pig model organism. A 
concentration of 150 mg of particulate matrix per milliliter 
of saline Was used in this study. Biopsies from the injection 
sites Were obtained at one, three and six months post 
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inj ection. These biopsies revealed evidence of persistence of 
the particulate matrix at 6 months With no evidence of acute 
in?ammation. Further, the particulate matrix had become 
repopulated With porcine ?broblasts and exhibited evidence 
of revasculariZation of the particulate matrix. 

[0060] In vieW of the above disclosure, one of ordinary 
skill in the art should appreciate that one illustrative embodi 
ment of the present invention includes a method of process 
ing an acellular tissue matrix to give a particulate acellular 
tissue matrix, the method including: cryofracturing the dry 
acellular tissue matrix strips at cryogenic temperatures; and 
separating the resulting particles by siZe at cryogenic tem 
peratures so as to produce the particulate acellular tissue 
matrix. 

[0061] Another illustrative embodiment of the present 
invention includes a method of processing an acellular tissue 
matrix to give a particulate acellular tissue matrix. The 
illustrative the method includes: cryofracturing the dry acel 
lular tissue matrix strips at cryogenic temperatures; separat 
ing the resulting particles by siZe at cryogenic temperatures; 
and freeze drying the fraction of particles of desired siZe to 
remove any moisture that may have been absorbed so as to 
produce the particulate acellular tissue matrix. 

[0062] Yet another illustrative embodiment of the present 
invention included a method of processing an acellular 
tissue matrix to give a particulate acellular tissue matrix, the 
method comprising: cutting sheets of dry acellular tissue 
matrix into strips; cryofracturing the dry acellular tissue 
matrix strips at cryogenic temperatures; separating the 
resulting particles by siZe at cryogenic temperatures; freeZe 
drying the fraction of particles desired siZe to remove any 
moisture that may have been absorbed to give a dry par 
ticulate acellular tissue matrix; and rehydrating the dry 
particulate acellular tissue matrix. 

[0063] In addition to the above methods, the present 
invention is also directed to the product of the processes 
described herein. In one illustrative embodiment the product 
includes the product of the process disclosed herein along 
With groWth and stimulating agents selected from epidermal 
groWth factor, ?broblast groWth factor, nerve groWth factor, 
keratinocyte groWth factor, platelet derived groWth factor, 
vasoactive intestinal peptide, stem cell factor, bone morpho 
genic proteins, chondrocyte groWth factor and combinations 
thereof. Another embodiment of the present invention 
includes the product of the present invention combined With 
stem cells selected from mesenchymal stem cells, epidermal 
stem cells, cartilage stem cells, hematopoietic stem cells and 
combinations thereof. The product of the present invention 
may also further include analgesic drugs or hemostatic drugs 
or antibiotic drugs or combinations of these. 

[0064] While the compositions and methods of this inven 
tion have been described in terms of preferred embodiments, 
it should be apparent to those of skill in the art that variations 
may be applied to the process described herein Without 
departing from the concept and scope of the invention. All 
such similar substitutes and modi?cations apparent to those 
skilled in the art are considered to be Within scope and 
concept of the invention. 

1. Aparticulate acellular matrix comprising particles of an 
acellular tissue matrix, Wherein the acellular tissue matrix is 
acellular and dehydrated and comprises a basement mem 
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brane to Which, subsequent to rehydration, viable endothe 
lial cells or viable epithelial cells securely attach. 

2. The particulate acellular matrix of claim 1, further 
comprising one or more groWth and stimulating agents 
selected from the group consisting of: (a) epidermal groWth 
factor, (b) ?broblast groWth factor, (c) nerve groWth factor, 
(d) keratinocyte groWth factor, (e) platelet derived groWth 
factor, (f) vasoactive intestinal peptide, (g) stem cell factor, 
(h) bone morphogenic proteins, and (i) chondrocyte groWth 
factor. 

3. The particulate acellular matrix of claim 1, further 
comprising one or more stem cell populations selected from 
the group consisting of (a) mesenchymal stem cells, (b) 
epidermal stem cells, (c) cartilage stem cells, and (d) 
hematopoietic stem cells. 

4. The particulate acellular matrix of claim 1, further 
comprising analgesic drugs. 

5. The particulate acellular matrix of claim 1, further 
comprising hemostatic drugs. 

6. The particulate acellular matrix of claim 1, further 
comprising antibiotic drugs. 

7. The particulate acellular matrix of claim 1, Wherein the 
particles have a siZe of about 1 micron to about 900 microns. 

8. The particulate acellular matrix of claim 1, Wherein the 
particles have a siZe of about 30 microns to about 800 
microns. 

9. The particulate acellular matrix of claim 1, Wherein the 
acellular tissue matrix is made from dermis. 

10. The particulate acellular matrix of claim 1, Wherein 
the acellular tissue matrix is made from a tissue selected 
from the group consisting of blood vessel tissue, heart valve 
tissue, fascia, and nerve connective tissue. 

11. The particulate acellular matrix of claim 1, Wherein 
the acellular tissue matrix is made from a human collagen 
based tissue. 

12. The particulate acellular matrix of claim 1, Wherein 
the acellular tissue matrix is made from a non-human animal 
collagen-based tissue. 

13. The particulate acellular matrix of claim 12, Wherein 
the non-human animal is a pig. 

14. The particulate acellular matrix of claim 12, Wherein 
the non-human animal is a dog. 

15. A method of treatment, the method comprising apply 
ing the particulate acellular matrix of claim 1 to a site in a 
recipient. 

16. The method of claim 15, Wherein the applying com 
prises one or more modalities selected from the group 
consisting of (a) injecting, (b) spraying, (c) layering, (d) 
packing, and (e) in-casing. 

17. The method of claim 15, Wherein said recipient has a 
defect selected from the group consisting of an acne scar, 
urinary incontinence, vesicoureteral incontinence, lost tis 
sue, and gastrointestinal re?ux. 

18. The method of claim 17, Wherein the lost tissue is 
dermis. 

19. The method of claim 17, Wherein the lost tissue is 
tissue lost in surgery in Which tissue is removed. 

20. A particulate acellular matrix comprising particles of 
an acellular tissue matrix, Wherein the acellular tissue matrix 
is made by a process comprising: 

(a) procuring a collagen-based tissue; 

(b) incubating the collagen-based tissue in a processing 
solution to produce processed tissue, Wherein the pro 
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cessing solution extracts viable cells from the structural 
protein and collagen matrix of the collagen-based tis 
sue; 

(c) cryopreparing the processed tissue by incubation in a 
cryoprotective solution and freezing at cooling rates 
such that minimal functional damage occurs to the 
structural protein and collagen matrix of the processed 
tissue to produce a frozen, processed tissue; and 

(d) drying the frozen, processed tissue under temperature 
and pressure conditions that permit removal of Water 
Without substantial ice recrystallization or ultrastruc 
tural damage to produce a dried, processed tissue, 
Wherein the residual moisture content of the dried, 
processed tissue permits storage and rehydration of the 
dried, processed tissue. 

21. The particulate acellular matrix of claim 20, further 
comprising one or more groWth and stimulating agents 
selected from the group consisting of: (a) epidermal groWth 
factor, (b) ?broblast groWth factor, (c) nerve groWth factor, 
(d) keratinocyte groWth factor, (e) platelet derived groWth 
factor, (f) vasoactive intestinal peptide, (g) stem cell factor, 
(h) bone morphogenic proteins, and (i) chondrocyte groWth 
factor. 

22. The particulate acellular matrix of claim 20, further 
comprising one or more stem cell populations selected from 
the group consisting of (a) mesenchymal stem cells, (b) 
epidermal stem cells, (c) cartilage stem cells, and (d) 
hematopoietic stem cells. 

23. The particulate acellular matrix of claim 20, further 
comprising analgesic drugs. 

24. The particulate acellular matrix of claim 20, further 
comprising hemostatic drugs. 

25. The particulate acellular matrix of claim 20, further 
comprising antibiotic drugs. 

26. The particulate acellular matrix of claim 20, Wherein 
the particles have a size of about 1 micron to about 900 
microns. 
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27. The particulate acellular matrix of claim 20, Wherein 
the particles have a size of about 30 microns to about 800 
microns. 

28. The particulate acellular matrix of claim 20, Wherein 
the collagen-based tissue is dermis. 

29. The particulate acellular matrix of claim 20, Wherein 
the collagen-based tissue is selected from the group con 
sisting of blood vessel tissue, heart valve tissue, fascia, and 
nerve connective tissue. 

30. The particulate acellular matrix of claim 20, Wherein 
the collagen-based tissue is a human collagen-based tissue. 

31. The particulate acellular matrix of claim 20, Wherein 
the collagen-based tissue is a non-human animal collagen 
based tissue. 

32. The particulate acellular matrix of claim 31, Wherein 
the non-human animal is a pig. 

33. The particulate acellular matrix of claim 31, Wherein 
the non-human animal is a dog. 

34. A method of treatment, the method comprising apply 
ing the particulate acellular matrix of claim 20 to a site in a 
recipient. 

35. The method of claim 34, Wherein the applying com 
prises one or more modalities selected from the group 
consisting of (a) injecting, (b) spraying, (c) layering, (d) 
packing, and (e) in-casing. 

36. The method of claim 34, Wherein said recipient has a 
defect selected from the group consisting of an acne scar, 
urinary incontinence, vesicoureteral incontinence, lost tis 
sue, and gastrointestinal re?ux. 

37. The method of claim 36, Wherein the lost tissue is 
dermis. 

38. The method of claim 36, Wherein the lost tissue is 
tissue lost in surgery in Which tissue is removed. 


