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MIN-PATCHESS (HSDMEM): 
HRS, AVERAGE N STANDARD DEVATION STANDARD ERROR 
O 100,000% 12 0,000% 0,000% 
24 100,000% 12 0000% 0,000% 
48 96.740% 12 5.07% 1474% 
72 NAssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss-ests 
96 NA-sesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 
120 90218% 12 3.7.63% 1086% 

240 73.55.3% 12 95.36% 27S3% 
264 NA-s-s-s-s-s-s-s-s-s-as-a-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-sessssssssssssssssssssssssssssss 
288 67.39% 12 8.987% 25949 

MINI-PATCHES (HSF-12): 
VE N TANDA V N TA RDERROR 

O 100,000% 4 0.000% 0,000% 
24 100,000% 4. 0.000% 0000% 
48 100,000% 4. 0,000% 0.000% 
72 
96 

NA-as-s-s-s-s-as-s-s-s-s-a--asessess-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-assssssssssssssssssssssss 
NAsesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 

20 9456.3% 4 2.75% 108.8% 
144 NA-s-s-s-s-s-s-sease-ne-asaasus--essessssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 
168 93.475% 4 251.1% 1.25.6% 
192 93.475% 4 2.51% 1.2S6% 
216 93.475% 4 251.1% 12S6% 
240 93.475% 4 251.1% 1.256% 
264 NA-s-as-s-s-s-s-s-s-s-salas-s-s-s-s-s-s-s-s-s-assasssssssssssssssssssssssssssssssssssssss 
288 92.38.8% 4 2.75% 108.8% 

MINI-PATCHES (F-12): 
T RD DEVIATI T ER 

O 100,000% 12 0,000% 0,000% 
24 100,000% 12 0,000% 0.000% 
48 100,000% 12 0.000% 0.000% 
72 NAssessessesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 
96 NA-s-s-sessssssssssssssssssssssssssssssssssssssssssssssssssssssss--a--assssssssssssssssssssssss 
120 99.63.8% 12 25.6% 0.36.3% 
144 NA-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-s-sessessesssssssssssssssssssssssssssssss 
168 99.638% 12 1256% 0.36.3% 
192 99.638% 12 2S6% 0.36.3% 
26 99.638% 12 25.6% 0.36.3% 
240 99.63.8% 12 125.6% 0.36.3% 
264 NA-as-s-s-s-s-s-s-s-s-s-s-s-as-s-s-s-s-s-s-see-seaase-ass-assssssssssssssssssssssssssssssssssss 
288 99.63.8% 12 25.6% O36.3% 

FIG. 3A TABLE 1. 
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20n- Full Size PAP (HSDMEM) 
Hrs. Average Standard D. Viation Standard Error 
O 100.000 A. O.OOO% O.OOOA 
24 100.000% 0.000% O.OOO% 
48 100.000% 0.000% 0.000% 
72 99.690% 1.037% it 0.299% 
96 91.350% - 4.81.2% 1.389% 
120 NA--NA -------------------- 
144 83.330% - 7.693%. 2,221 
168 61.770% 9.177 2.649 

F.G. 4A TABLE 2 

Matrix Reorganization PAP 

24 48 72 96 120 144 168 

Hours of High Serum Exposure 

FIG. 4B. GRAPH 2 
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FIG. 5A 

FIG.SB 
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F.G. 6A 
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FIG. 7C 

FIG. 7D 
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FG. 8B 
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FIG. 8C 

FIG. 8D 
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F.G. 8E 

FIG. 9A 
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PERICARDIAL ANTI-ADHESION PATCH 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This invention claims the benefits of provisional 
patent application Serial No. 60/226,503, filed Aug. 18, 
2OOO. 

FIELD OF THE INVENTION 

0002 The present invention generally relates to tissue 
equivalent technology. Particularly, the present invention 
relates to a pericardial anti-adhesion patch (PAP), a pre 
formed loose collagenous acellular tissue, which comprises 
a collagen and at least one non-living cellular component 
that is reorganized prior to implantation into a patient. The 
patch prevents tissue adhesions between organs and other 
tissues being operated upon during Surgical procedures and 
has to be maintained in place during the post-operative 
period when the mechanisms of adhesion formation are the 
most active (initial 2-3 weeks). Thereafter PAP diverts the 
wound healing proceSS into the remodeling phase during 
which the anti-adhesion patch will be dissolved to compo 
nent amino acids, predominantly prolyne and lysine. 

DESCRIPTION OF THE PRIOR ART 

0.003 Opening and entering of the body cavities is an 
intrusive event that exposes the Surfaces of internal organs 
to a variety of traumatic conditions. The Severity of trauma 
or injuries may range from desiccation and undue handling 
of the tissues, inadequate hemostasis, prolonged contact 
with foreign materials, misalignment of tissue planes in 
anastomosis, and failure to remove all abnormal tissues. 
During cardiothoracic Surgery access to the coronary vas 
culature and the heart requires incision in the pericardial 
Sack (i.e., pericardium) which envelops and isolates the heart 
from the chest walls and Surrounding internal organs (e.g. 
lungs). Following Such procedures, adhesions routinely 
form between the epicardium and the pericardium, Sternum, 
pleura and other adjacent Structures. RetroSternal adhesions 
cause injury to right ventricle, aorta, right atrium, innomi 
nate vein, and aortocoronary by-pass graft. In general, 
adhesion formation after cardiac Surgery is associated with 
high morbidity and cannot usually be avoided. Once the 
Surgery is complete, the chest cavity is closed but the 
incision (slit) in the pericardium may be loosely closed or 
left open. In either case due to post-Surgical edema this 
incision usually becomes an oval opening. During the heal 
ing process the flaps of the pericardium adhere (“scar 
down”) to the chest wall, the lungs and the heart itself. These 
adhesions occur in 100% of the cases and are a Serious risk 
factor when there is a need for repeated Surgeries. AS 
repeated Surgeries are now on the increase, there is a Serious 
need for a method to prevent formation of pericardial 
adhesions in order to improve the Success of the procedure. 
There are no devices approved by the FDA to prevent 
pericardial adhesions. Adhesions may also be ophthalmic, 
orthopedic, central nervous System, and intrauterine. It is 
therefore desirable to prevent post-operative adhesions not 
only in the thoracic cavity but also in all anatomical loca 
tions. 

0004. The Surgical trauma involves tissue damage rang 
ing from the incision itself to the loSS of the measothelial 
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cells that line the body cavity. Measothelial cells secrete 
fibrinolysin, an enzyme that dissolves fibrin. Inadequate 
hemostasis causes accumulation of blood and blood clots, 
and leads to formation and deposition of fibrin, which 
accumulates at the Sites of injuries in the absence of mea 
Sothelial cells. Fibrin is a very adhesive protein and glues 
injured Surfaces together. Ischemia caused by Surgery, 
although transient, allows the fibrin matrix to persist and 
gradually becomes populated by macrophages, fibroblasts, 
and giant cells. The initial adhesion matures as fibrin 
becomes fibrinous band with calcification nodules, and is 
often covered by measothelium which is formed after 4-5 
days (complete in 10 days post-operatively). The adhesions 
can vascularize and even innervate, and in the last Stages of 
maturation the adhesion becomes collagenized. This process 
involves activation of the principal connective tissue cells, 
which are involved in tissue repair, the fibroblasts, as well as 
the circulating immune System cells (macrophages). These 
cells begin to divide and migrate into the injured area as a 
part of a general inflammatory response. The fibroblasts 
Secrete collagen (collagenization) and finally contract the 
collagen (fibrin) mass into a dense tissue. This contraction 
process further intensifies Scar formation, forming Stronger 
“adhesions” that “join' or “weld” the adjacent tissue Sur 
faces, which were previously well Separated. In time the 
adhesions become increasingly fibrous and may even cal 
cify. Calcification is a highly undesirable aspect of adhesion 
formation. Some individuals (particularly of African Ameri 
can and Hispanic ethnicity) are genetically predisposed to 
Severe Scarring and therefore adhesion formation. These 
individuals are also at high-risk for cardiac problems which 
require Surgical intervention. It is critical that the high-risk 
groups be protected from adhesion formation. 
0005 Prevention of adhesions has been a problem for a 
number of years and the most consistently applied Strategy 
to prevent their formation has been to Separate, physically, 
with “a barrier', the tissue surfaces which are likely to 
adhere. The anti-adhesion barriers were initially quite primi 
tive (e.g. fine Surgical Steel wire mesh) and mostly biocom 
patible but non-biodegradable. In recent years, interest in 
more effective and biodegradable anti-adhesion barriers has 
intensified. However, a totally satisfactory solution is still to 
be found and development of new approaches is highly 
desirable. Particularly desirable are the Strategies which may 
lead to a general Solution to the problem of adhesion 
formation and which would prevent them in any anatomical 
location in the body. Advances in methodologies used for 
harvesting and culturing a wide variety of normal human 
cells and incorporation of these cells into three-dimensional 
matrices to form primitive tissue, now offer new opportu 
nities for advances in adhesion prevention and design of a 
new generation of anti-adhesion barriers. 

SUMMARY OF THE INVENTION 

0006 The present invention is directed to an anti-adhe 
sion patch (Patch) and a method for constructing the Patch 
disclosed herein. Specifically, PAP is engineered tissue 
equivalent whose mechanical and optical properties arise 
from organization of collagen type I gel by human fibro 
blasts, but which in its final form is acellular. In detail, the 
Patch is constructed by mixing normal human connective 
tissue cells, preferably fibroblast, or vascular Smooth muscle 
cells, and a collagen Such as collagen type I Solution. The 
resulting mixture is incubated to Stimulate the cells to adapt 
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to and organize the collagen gel matrix into a mono-cellular 
tissue equivalent (MCTE) having desirable dimensions and 
mechanical properties. 
0007. The present invention is further directed to a 
method of preventing tissue adhesions between organs and 
other tissues being operated upon during Surgical procedures 
by utilizing the anti-adhesion patch disclosed herein. 
0008. Other and further aspects, features, and advantages 
of the present invention will be apparent from the following 
description of the presently preferred embodiments of the 
invention given for the purpose of disclosure. 

BRIEF DESCRIPTION OF THE DRAWING 

0009 So that the matter in which the above-recited 
features, advantages and objects of the invention, as well as 
others which will become clear, are attained and can be 
understood in detail, more particular descriptions of the 
invention briefly summarized above may be had by refer 
ence to certain embodiments thereof which are illustrated in 
the appended drawings. These drawings form a part of the 
Specification. It is to be noted, however, that the appended 
drawings illustrate preferred embodiments of the invention 
and therefore are not to be considered limiting in their Scope. 
0010 FIG. 1A shows the prototype Patch after initial 
adaptation of cells (fibroblasts) to the three-dimensional 
collagen type I environment. This is at a time point of 48 hrs 
after the start of the experiment (preferred time in the 24-96 
hour window during which the medium is changed every 24 
hours, preferably every 12 hours). The coloration of the 
Patch due to the diffusion of the medium into matrix is 
generated by a pH indicator present in the medium. It is 
noted that the Patch is quite translucent. 
0011 FIG. 1B shows the prototype Patch after the matrix 
reorganization process lasting 12 days, and incubation in 
phosphate buffered saline (PBS, pH 7.4) at 4 C. During the 
incubation, PBS is changed every 12 hours for 2-3 days. 
This process kills the cells and washes out all soluble cell 
debris and factors associated with the culture medium. An 
approximate indicator that this process is complete is that 
the prototype Patch loses the pink color and is now colorless. 
It is noted that the Patch is still substantially translucent. 
0012 FIGS. 2A and 2B show that to confirm cell death, 
the Patch is labeled with neutral red and observed under light 
microScopy. Neutral red is a cell permeable indicator that 
react to the intracellular pH in the live cells with active 
metabolism, and a frequently used simple cell viability dye. 
FIG. 2A shows a light microgram of the prototype Patch in 
which live cell are Seen Stretched and interacting with the 
matrix. FIG. 2B shows a light microgram of the prototype 
Patch after the cells have been killed and the debris and 
medium washed out. There are no neutral red positive cells. 
0013 FIG. 3A shows changes in the diameter but not the 
thickness of mini-patches which are used to develop matrix 
organization conditions. This experiment has been repeated 
Several times and the results are Statistically significant as 
indicated by very small error bars. 
0.014 FIG. 3B is a bar graph demonstrating the results 
obtained during matrix reorganization experiments tabulated 
in FIG. 3A. It is noted that conditions of high serum (20% 
FBS in DMEM) produces the best results. High serum in 
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Ham's F12 medium has a marginal effect which levels off 
whereas the negative control conditions (Ham's F12 with 
5% FBS) maintain stable quiescent conditions. The signifi 
cance of the latter is that patches may be produced and held 
in one organizational State and then induced to proceed in 
the desired direction by placing them in the 20% FBS in 
DMEM. The latter conditions are then used in the prepara 
tion of the PAP. 

0015 FIG. 4A tabulates the change in diameter of the 
full size prototype PAP when subjected to the conditions 
developed and shown in FIG. 3A above. FIG. 4B is the 
graphical representation of matrix reorganization for proto 
type PAP. 

0016 FIGS. 5A and 5B show preparation of the Patch 
before surgery. The Patch is clearly very easy to handle with 
surgical instruments (FIG. 5A). The Patch can also be cut 
and manipulated for precise localization on to the epicar 
dium of the beating heart. It may also be picked up and 
moved around from one location to another (FIG. 5B). 
0017 FIGS. 6A and 6B show the PAP on the epicardium 
after it has been attached to the pericardium using tissue 
Sealant. In first Series of experimental procedures the peri 
cardium was left open (FIG. 6A). It is noted that although 
the Patch is not as translucent, the coronary vasculature is 
still clearly visible (FIG. 6B). 
0018 FIG. 7A shows that after the experiment has been 
terminated (4-5 months post-operatively), the Patch is 
totally dissolved. FIG. 7B shows that there are no adhesions 
between the lungs and the pericardium, lungs and the heart 
and the pericardium and the heart in the locations that are 
protected by the Patch. FIG. 7C shows that in the area 
unprotected by the Patch, weak adhesion formations occur 
(grade 0.5-1, resolvable with gloved finger). FIG. 7D shows 
that Some of the adhesions in the unprotected area can be 
quite Substantial (grade 3, resolvable with Sharp Surgical 
instrument). 
0019 FIGS. 8A-8E show application of the Patch for the 
LIMA procedure. FIG. 8A shows that once the incision is 
made in the pericardium and the mammary artery Severed 
and, ligated, the Patch is brought over the pericardium and 
attached to the epicardium. The Patch is located under and 
over the anastomosis, and attached to the epicardium with 
Nitinol Couplers. FIG. 8B shows that before attachment, the 
Patch may be lifted or moved around on the beating heart to 
provide best possible protection. FIG. 8C shows that the 
pericardium is then closed with 2-3 sutures. FIG. 8D shows 
that the Second patch is then placed over the closed peri 
cardial incision and attached to the pericardium with Nitinol 
Couplers. FIG. 8E shows all the organs in place arranged 
before closure of the chest cavity. 

0020 FIGS. 9A-9E show the results obtained on re 
opening the animals 4 months after the LIMA experiment 
has been performed. FIG. 9A shows a total dissolution of 
the Patch placed over the closed incision in the pericardium. 
There are also no adhesions between the protected pericar 
dium and the lungs. FIG. 9B shows that the pericardium has 
healed, closed and is loose. In this closed situation it is 
evident that there are no adhesions to the heart. This is 
confirmed by opening the pericardium. FIG. 9C shows it is 
easy to reopen the pericardium and observe the unobstructed 
anastomosis because the Patch has dissolved. FIG. 9D 
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shows that LIMA can be lifted free of the epicardium easily 
and manipulated for a possible by-pass. FIG. 9E shows that 
there are no adhesions between the pericardium and the 
epicardium and the Surgeon can completely grasp the heart 
and lift clear of the pericardial Sack. Also all the coronary 
vessels are easily Seen and are not obscured by adhesions, if 
necessary a coronary by-pass could be carried out. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0021. The present invention is directed to an anti-adhe 
sion patch (Patch) and methods of utilizing the Patch for 
adhesion prevention. 
0022. In one embodiment of the present invention, there 
is provided an anti-adhesion patch comprising a collagenous 
material and at least one non-living cellular component. 
Preferably, the collagenous material is collagen type I or a 
combination of collagen type I and a co-component Such as 
elastin, interstitial collagens, collagen type III, V and IX, 
glycoproteins and proteoglycans. The collagen can be from 
a natural Source or a recombinant Source (i.e., produced by 
an engineered cell line). Still preferably, the non-living 
cellular component is either from a natural Source, Such as 
human connective tissue cell or from a recombinant Source. 
Examples of human connective tissue cells include fibro 
blast cells and vascular Smooth muscle cells. More prefer 
ably, the fibroblast cell is a dermal fibroblast cell. 
0023. In another embodiment of the present invention, 
there is provided a method of constructing an anti-adhesion 
patch, comprising the steps of: (a) mixing human connective 
tissue cells with a collagenous material; (b) incubating the 
resulting mixture in a matrix organization medium to Stimu 
late the cells to adapt to and organize the collagenous 
material into a mono-cellular tissue equivalent having desir 
able dimensions and mechanical properties; (c) treating the 
tissue equivalent to eliminate the cells, and (d) confirming 
the absence of viable cells in the tissue equivalent after the 
treatment. The resulting tissue equivalent may be used as an 
anti-adhesion patch. Preferably, the collagenous material is 
in an acid solution and first neutralized at 4 C. before the 
mixing Step. An example of the acid is hydrochloric Solu 
tion. 

0024. In a preferred embodiment, the human connective 
tissue cell is a fibroblast cell or a vascular Smooth muscle 
cell. More preferably, the fibroblast cell is a dermal fibro 
blast cell. 

0.025 In another preferred embodiment, the collagenous 
material is collagen type I or a combination of collagen type 
I and a co-component Such as elastin, interstitial collagens, 
collagen type III, V and IX, glycoproteins and proteogly 
cans. The collagenous material is either from a natural 
Source or a recombinant Source. 

0026. In still another preferred embodiment, the acidic 
Solution is hydrochloric Solution, and the matrix organiza 
tion medium either contains fetal bovine Serum or is a 
Serum-free cocktail of growth factors Selected from the 
group consisting of fibroblast growth factor (FGF), epider 
mal growth factor (EGF), platelet derived growth factor 
(PDGF), transforming growth factor beta (TGF) and a 
mixture thereof in the presence of growth promoters, e.g., 
transferrin, insulin, etc. 
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0027. In yet another preferred embodiment, the cell 
elimination treatment includes nutrient deprivation, antibi 
otics treatment and treatment with anti-mitotics. Represen 
tative examples of antibiotics include puromycin, 
amphoteracin and mitomycin; and an example of anti 
mitotics is 5-flurouracil. 

0028. In still another embodiment of the present inven 
tion, there is provided a method for preventing tissue adhe 
Sions between organs and other tissues being operated upon 
during Surgical procedures, comprising the Step of attaching 
an anti-adhesion patch to one of the Surfaces of the tissues 
being operated upon. The anti-adhesion patch comprises a 
collagenous material and at least one non-living cellular 
component, and participates in formation of adhesion. Such 
anti-adhesion patch is biodegradable during the recovery. A 
representative example of the tissue operated upon is a heart. 
Preferably, the anti-adhesion patch is attached to the trau 
matized tissues using a tissue glue Such as a fibrin tissue glue 
or another type of attachment (e.g. Nitinol Coupler). 
0029. In detail, one application of such Patch is described 
as follows. A special Solution is used to kill the cells and 
wash out all the soluble biological material which might 
initiate an immuno-rejection and further enhance and pro 
long the inflammatory process. Initiation of immune reac 
tion and undue inflammation is not desirable. It is envisaged 
that Such a product, when kept Sterile, refrigerated and 
moist, will have a favorable shelf life. By intervening 
between the incision in the pericardium and the heart, the 
Patch is made to be the target of the mechanism of adhesion 
formation at the critical time when the adhesion formation 
would normally take place. Upon dissolution of the patch, 
the critical phase of the tissue repair proceSS during which 
the adhesions are formed has passed and the pericardium 
and the heat are well Separated from each other. It is 
desirable after the closure of the chest cavity there is 
minimal inflammation as a result of implantation of the 
patch. This application would be most Suitable for emer 
gency Surgical cases. 
0030 To apply the anti-adhesion Patch, an important 
component of the Successful in Vivo experiments is the 
method of attachment of PAP to the pericardium. Because 
Suturing itself is an injury, a more appropriate way to address 
this issue is by using “fibrin glue” to glue PAP to the 
pericardium. 
0031. The following examples are given for the purpose 
of illustrating various embodiments of the invention and are 
not meant to limit the present invention in any fashion. 

EXAMPLE 1. 

0032 Engineered Tissue PAP 
0033. The patch tissue is constructed as a connective 
tissue equivalent using infant dermal fibroblast (or fibro 
blasts from other tissue) at a population density of approxi 
mately 350,000 cells/ml, and collagen type I at a concen 
tration of approximately 4 mg/ml. The resulting mixture is 
then incubated. Only 2 concentrations of collagen I are 
commercially available, i.e., ~3 mg/ml and ~5 mg/ml. A 
mixture of these two Solutions could provide an additional 
concentration of ~4 mg/ml. The collagen content controls 
the initial density and therefore mechanical properties of the 
construct. The size and shape of PAP is controlled by the size 
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and shape of the casting container, whereas the thickness of 
the PAP depends on the quantity of collagen used. Initially 
PAP is cast in 100-mm tissue culture dishes. Once the PAP 
has adapted to the medium and the cells have adopted their 
normal morphology, the PAP is carefully detached from the 
tissue culture dish and the medium changed to DMEM 
containing 10-20% FBS but preferably 20% FBS for fast 
rate of organization. PAP may be allowed to organize to a 
Size with desired mechanical properties. Alternatively, a 
proprietary coating process could be used to prevent the PAP 
from adhering to the petridish without initiating contraction. 
It is projected that the contraction process may take Several 
days. After the organization is complete, the medium is then 
aspirated and the PAP incubated in sterile phosphate buff 
ered saline (PBS) until microscopic examination shows the 
absence of viable cells (this could be confirmed by neutral 
red Staining of a piece of DE). The incubation continues with 
daily changes of PBS until all the biologically active mol 
ecules are removed from the matrix. The PAP is then 
incubated in sterile water at 4 C. to wash out all the PBS, 
after which it can be stored moist at 4 C. in a sterile Ziplock 
bag until needed. 

EXAMPLE 2 

0034 Sources of Cells 

0.035 Normal human dermal fibroblasts may be pur 
chased from Clonetics-Biowhitaker either as live cultures (in 
tissue culture flasks) or as ampoules of frozen stock cells 
Stored under liquid nitrogen (N). The frozen cells are 
allowed to thaw until the ice pellet is free to move in the vial. 
The contents of the vial are pipeted into a 75 cm vented cap 
tissue culture flask. To the flask is then added 15 ml 
Dulbeco's Modified Eagle Medium (DMEM) containing 
10% FBS and the culture incubated at 37 and 5% CO 
containing air. The medium is changed every Second day 
until the cells populate about 80-90% of the growing. 
Fibroblasts are then further sub-cultured to expand numbers 
under the same conditions in DMEM containing 10% FBS. 
If the cells are purchased as cultures in 75 cm tissue culture 
flasks, the flaskS do not have vented caps and are completely 
filled with medium with no air space. The transport medium 
is removed and fresh growth medium (15 ml DMEM 
containing 15% FBS) added. After the culture has become 
80-90% confluent the cells are using trypsin and Sub 
cultured as described in Example 3 below. 

0036) A problem with normal human cells is that they 
have a limited life span in Vitro. It could be argued that cells 
from different donors have genetically dependent differ 
ences, although this is less evident when the Source of tissue 
is infant foreskins. The ideal solution to this problem is to 
have a Standard cell line which can deliver an endleSS Supply 
of identical progeny. Unfortunately Such cells are not normal 
and therefore are not acceptable in tissue engineering appli 
cations. In the future it is possible to utilize cell engineering 
techniques which would up-regulate cell division without 
altering any other cell function. To date introduction of 
cDNA for catalytic subunit of human telomerase (hTERT) 
into cells comes close to achieving this. Hopefully, other 
methods, which do not involve alteration in hTERT activity, 
will become available. 
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EXAMPLE 3 

0037 Harvesting Cells for Xenograft PAP 

0038 Skin tissue remnants from circumcisions are 
obtained from the local newborn nursery or maternity ward 
(OBGYN). These are first decontaminated by soaking the 
remnants in serum free DMEM containing 20% penicillin/ 
streptomycin at 4 C. The subcutaneous fat is then removed 
from the foreskin and the decontamination repeated using 
the same medium except the concentration of penicillin/ 
streptomycin in DMEM is 10%. The skin sample is then 
incubated in dispase (10 unit/ml) for 48 hrs at 4 C. after 
which time the epidermis can easily be pulled from, 
detached and removed from the dermis. The dermis is rinsed 
several times in PBS and then cut into very small pieces (2-3 
mm) which were placed on to the inner surface of a 75 cm 
vented cap tissue culture flask. The pieces were allowed to 
attach to the flask by incubating at 37 C. in an incubator 
(5% CO and 98% humidity) for 10-20 min, after which time 
DMEM containing 10% FBS (10 ml) is added to the flask. 
It is critical that the dermal tissue pieces Stay attached to the 
flask. After about 5-10 days of incubation and regularly 
careful changes of medium, the cells grow out from the 
explanted tissue and begin to populate the flask. At this point 
the tissue pieces are removed carefully and the culture 
continued, with regular changes of medium every two days, 
until the cell population in the flask is 90% confluent. The 
medium is then removed from the flask and the cells 
detached ("lifted”) using trypsin/EDTA (5 ml). After treat 
ment with trypsin inhibitor (2xthe volume of trypsin/EDTA 
used) the cells are counted using hemacytometer, pelted by 
centrifugation, Supernatant removed and the pellet re-Sus 
pended in fresh DMEM (with 10% FBS) and plated into 
Several 150 cm tissue culture flasks (the split ratio depends 
on the original number of cells used and is usually between 
1:4 and 1:8). Thereafter the cells may be expanded on the 
regular bases and Surplus frozen and Stored in liquid nitro 
gen. The required number may be used in the PAP construc 
tion. 

EXAMPLE 4 

0039 Harvesting Cells for Allograft PAP 

0040 For this application the patient who decides on 
elective Surgery has to donate a skin punch biopsy in order 
that his/her cells may be harvested and cultured to expand 
the cell numbers so that the cells could be incorporated into 
allograft PAP. The anatomical locations from which the 
punch biopsies are obtained are usually chosen to be sites 
that are not exposed and are esthetically acceptable to the 
patent. These are usually inside of the forearm or upper arm. 
The skin is cleaned, Sterilized and local anesthetic admin 
istered. A full thickneSS 6-mm punch biopsy is then obtained 
and the wound closed with one or two Stitches. The skin 
Sample is kept Sterile and is treated in the manner analogous 
to that described in Example 3 for the infant foreskin 
sample. Dermal fibroblasts are obtained in the identical 
fashion. When a Sufficient cell number has been obtained, 
the PAP can be constructed and the preparation for Surgery 
may begin. 
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EXAMPLE 5 

0041 Engineered PAP for Xenograft/Allograft 
0042. The PAP was prepared in exactly the same manner 
as described in Example 3 for the acellular PAP. The step 
initiating contraction of the tissue was omitted and the 
culturing continued using Ham's F12 medium as described 
in Example 3. After cultured for 5-10 days (but preferably 10 
days), the PAP was ready for use. The steps in which the 
component cells were killed as outlined in Example 3 were 
also omitted. 

0043. The dermal fibroblasts, which contract and reorga 
nize collagen matrix, are a Specialized phenotype of these 
cells which are activated to participate in the wound healing 
process. Organization of the extracellular matrix, of which 
collagen type I is the major component, is a necessary phase 
of wound healing designed to close the wound. However, it 
is essential that this process be controlled and not excessive 
to form Scar tissue which is too dense and therefore too 
difficult to vascularize and biodegrade. In order to accom 
plish this task, the fibroblasts change their phenotype to 
myofibroblasts which are characterized by expression of 
cytoskeletal proteins, Such as alpha Smooth muscle actin. In 
fact the myofibroblasts adopt the properties of their muscle 
tissue related cells, Such as the Smooth muscle cells, the 
physiological function of which requires them to contract 
and relax constantly. Another cell type which can and does 
contract collagen matrix is vascular Smooth muscle cell, the 
major cellular component of the blood vessel walls. There 
fore, these cells like the dermal fibroblast may be used 
beneficially in the construction of the PAP because they also 
will reorganize a collagen gel that they populate and 
improve the mechanical properties of the tissue that they are 
incorporated into. However, the mediators of Vascular 
Smooth muscle cell functions include Substances with vaso 
constrictive properties. Furthermore, the vascular Smooth 
muscle cells can be used only in the acellular or Xenographic 
versions of the PAP. 

EXAMPLE 6 

0044) Harvesting of Vascular Smooth Muscle Cells 
0.045 Human umbilical cord tissue was obtained from 
Caesarian Section births from donors who were free of 
human pathogens (hepatitis B/C, HSV, HIV, syphilis). The 
umbilical cord was cut into manageable lengths (preferably 
10 cm) and the umbilical artery isolated by dissection from 
the Surrounding connective tissue under Sterile conditions. 
The artery lengths were tied at one end (sterile nylon thread), 
and filled, using blunt needle and Syringe (10 ml), with 
Ham's F12 medium containing 20% penicillin/streptomy 
cin, and then sealed off completely. After incubation at 4 C. 
in Ham's F12 containing 20% penicillin/streptomycin for 20 
min, this decontamination process was repeated using 
Ham's F12 medium containing 10% penicillin/streptomycin 
inside and outside the artery pieces for 30 min. The arteries 
were then rinsed inside and outside with sterile PBS, filled 
with trypsin/EDTA (0.05%/53 mM, Gibco Life Technolo 
gies) and incubated under sterile conditions at 37° C. for 1 
hour using the protocol described above. The Solution con 
taining endothelial cells was Squeezed from the artery pieces 
and the process repeated with fresh Solution of trypsin/ 
EDTA three times. This protocol ensures that the vascular 
Smooth muscle cells are not contaminated with the endot 
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helial cells. For the fifth, sixth, and seventh washes using 
trypsin/EDTA, the incubation time is increased to 2 hours. 
These three washes were combined with the treatment of 
trypsin inhibitor and the umbilical artery Smooth muscle 
cells (UASMC) isolated as pellet by centrifugation at 5,000 
rpm for 3-5 min. The cells were re-suspended in SmCM2 
defined medium (Clonetics-Biowhittaker), counted (hema 
cytometer), and plated into 25 cm TC flasks. The cells were 
allowed to attach overnight and the unattached cells (“float 
ers”) removed during the medium change 24 hours later. The 
cultures are allowed to grow to 80% confluence and Sub 
cultured at high Seeding density, because these cells do not 
have a very high mitotic capacity and Senesce after a few 
passages. A medium far Superior to the commercially avail 
able formulations was developed for the culture of these 
cells. 

EXAMPLE 7 

0046 Sources of Collagen 
0047 Collagen from several sources has been used for 
construction of tissue equivalents-the end result of tissue 
engineering. Rat tail collagen type I, extracted in house, was 
encountered in research applications, particularly in the 
early Studies. Calf skin or bovine tendon are Supplied as 
either a sterile viscous acidic solution (ICN Cellagen(R) 3% 
or 5%, pH 3.0) in acetic acid (Cohesion USA, Inc., Vitro 
gene 3% in hydrochloric acid) or as a powder (Sigma). 
Collagen type I Solution was also used from a European 
source (Cellon S. A., Brussels, Cellon(E), a 3% solution in 
hydrochloric acid, pH 2.0). The disadvantage of using 
pre-made Solutions of Collagen type I is that there is limited 
flexibility as to the collagen content of the Patch. The 
advantage is that Since these are acidic, low pH excludes a 
wide range of microorganisms (particularly viruses). The 
use of an acidic Solution is preferred because Solubilization 
of collagen is difficult and Sterilization of the resulting 
Solution in the research laboratory Setting is very time 
consuming and Successful eXclusion of microorganisms is 
uncertain. 

0048. A collagen type I solution for the PAP construction 
may be prepared by first mixing together thoroughly Cel 
lagen AC3, Cellon, or Vitrogen (all containing 3 mg/ml of 
collagen type I), with Cellagen AC5 (containing 5 mg/ml of 
collagen type I in acetic acid with pH 3.0). The preferred 
ratio is a 1:1 mixture of AC3 and AC5 which provides a 
Solution containing 4 mg/ml of collagen type I. To this 
solution (8 parts) was added Ham's F12 medium (10x, 1 
part) and after thorough mixing, the mixture was neutralized 
at 4°C. (on ice) with reconstitution buffer (NaHCO3 NaOH, 
1 part). The pH may further have to be adjusted to 7.4 when 
necessary by careful addition of 0.1M NaOH and kept at 4 
C. until use. If the neutralized solution is allowed to warm 
up to room temperature, it will form into a gel, a one-way 
process which cannot be easily reversed without losses. 
0049. An issue often raised when collagen is considered 
in biomedical applications is the immunological reactions in 
humans to implanted collagen. Collagen is the most ubiq 
uitous protein in the mammals with well-conserved amino 
acid Sequence acroSS Species. Therefore in pure form it 
should evoke no immune response. Problems arise occa 
Sionally when methods of extraction and purification are 
inadequate. Thus immunologically active entities which are 
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normally present in the Source tissues remain trapped within 
the macromolecular Structure of collagen and are then 
presented as antigens when introduced into the human body. 
Ideally the material that should be used is human recombi 
nant collagen Since there is very little point or chance of 
extracting human collagen from human tissue. However, as 
it may be concluded from earlier discussion on collagen 
Synthesis, at cellular level this process is very complex and 
involves Several intracellular and extracellular Steps. So far 
the molecular biology approach of engineering a cell to 
produce collagen in a fashion that fermentation process can 
produce other recombinant proteins and peptides have not 
been Successful. The recombinant product that has been 
disclosed by Fibrogen, Inc., (California) is not cross-linked 
and has to be remanufactured to approximate the extracted 
material. Its current price, even for research Scale purposes 
is prohibitive, and the production capacity is impractical. 
0050 Alternatively, other macromolecules such as elas 
tin, collagen type III, and glycosaminoglycans (GAGS) (e.g. 
keratan Sulphate, chondroitin Sulphate, etc.) may be also 
included in the matrix as co-components with collagen type 
I for constructing the Patch. 

EXAMPLE 8 

0051. Organization of the Matrix in an Acellular Patch 
0.052 Collagen deposition into the extracellular space is 
a complex process. It begins with the Synthesis of Soluble 
Single chains which are post-translationally glycosylated 
and acted upon by prolyl hydroxylase which prepares prolyl 
residues for inter-chain croSS linking and formation of triple 
helical Soluble pro-collagen. The pro-collagen is extruded 
from the cell with leader peptides from which triple helical 
“rods” are cleaved and released. These rods can aggregated 
by longitudinal end to end association and also have their 
lysyl residues oxidized by extracellular lysyl oxidase in 
preparation for further lateral aggregation by croSS linking. 
This process called fibrilogenesis, forms fibrils which are 
insoluble under physiological pH and temperature. It is the 
extracellular organization of collagen type I into fibrils and 
Several sizes of fibers that conferS mechanical integrity to 
the connective tissue. These collagen fibrils and fibers are 
insoluble and are deposited (precipitated) around the cells. 
There are certain known Stimulators of collagen Synthesis, 
the usual ones being oxygen, ascorbic acid (vitamin C) and 
glycolic acid. When these are added to the culture medium, 
they Stimulate collagen Synthesis. AScorbate is incorporated 
into the medium used for the culture of the Patch. It is 
expected that culturing the Patch in the high Serum condi 
tions StimulateS production and activity of lysyl oxidase. 
0.053 Alternatively, mechanical integrity of the Patch 
may be also generated in the absence of cells by addition of 
Specific (lysyl oxidase activity) or non-specific (horse radish 
peroxidase, HRP) oxidizing enzymes or any other cross 
linking agent or method that can initiate croSS-linking of 
collagen and improve the mechanical properties of the PAP 
constructed in this fashion. 

EXAMPLE 9 

0054 Mechanism of Matrix Organization of the PAP by 
Fibroblasts 

0055. Using cell Surface receptors for the extracellular 
matrix (ECM) called integrins fibroblast can attach to spe 
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cific regions (e.g. amino acid sequences RGD) of collagen 
and thus further organize the ECM. Fibroblasts regulate 
collagen concentration through Synthesis and degradation. 
In the face of collagen deficiency (e.g. after injury) fibro 
blasts Synthesize collagen. When collagen is over produced 
(fibrosis) fibroblasts degrade it by Synthesizing and Secreting 
collagenases. Although this regulatory process operates at 
low level as a normal part of tissue homeostasis (tissue 
maintenance is particularly elevated during wound healing/ 
tissue repair and is principle mechanism of resolution of 
Scars (tissue remodeling). Tissue remodeling is the basis for 
the biodegradation of the Patch. 
0056. Therefore, when fibroblasts are incorporated into 
collagen type I matrix, as is the case in the construction of 
the Patch, the initial culture period encourages the attach 
ment (via integrins) of fibroblasts to collagen provided in the 
process. During the Second phase of matrix organization, the 
fibroblasts are stimulated to: a) Synthesize new collagen and 
excrete it into the extracellular space; b) by Secreting lysyl 
oxidase further cause aggregation (fibril formation) and 
organization of newly synthesized collagen; and c) act in the 
Same fashion to organize the collagen provided in the 
process. Fibroblasts also randomly move and redistribute 
themselves through the matrix attaching and mechanically 
pulling on the collagen in the process, and producing the 
integrity of the Patch. The culture process which is used to 
produce the Patch is therefore of multiphasic benefit. 
0057 The process of matrix organization is similar to 
formation and remodeling of provisional matrix during 
wound healing/tissue repair. A major Source of necessary 
ligands (e.g. growth factors and chemokines) that control the 
appropriate Signal transduction pathways is Serum. How 
ever, Since Serum composition with respect to these com 
ponent is variable, bovine Serum may not be desirable 
material to use under Some circumstances. Then the Serum 
free defined medium may be necessary. These usually Sub 
Stitute a cocktail of growth factorS Such fibroblast growth 
factor (basic or 2) (FGF2), epidermal growth factor (EGF), 
platelet derived growth factor (PDGF) and transforming 
growth factor beta (TGF) and in the presence of the usual 
compliment of growth promoters transferrin, insulin etc. 
These growth factors are now produced from human cINA 
Sequences using recombinant technology. The Serum free 
medium can be used in the monolayer of cultures when the 
cells are expanded in number or when they are cultured 
within the collagen matrix. All methods of cell growth and 
maintenance need to be protected both as monolayerS and 
when they are introduced into the collagen matrix and 
become three-dimensional culture. 

EXAMPLE 10 

0.058 Construction of the Patch 
0059. There are several variables during the construction 
of the Patch. First, collagen concentration can be 3, 4 or 5 
mg/ml due to commercial availability. The higher the col 
lagen concentration, the better the mechanical properties of 
the "Patch', i.e., Some Strength is derived from an increase 
in density of the tissue. However, the denser the tissue, the 
more it resembles a Scar and the longer it takes to disinte 
grate and bio-adsorb. 
0060. The second variable that can be controlled is the 
cell number inoculated into the collagenous matrix. Since 
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cells organize the collagenous matrix, the higher the number 
of cells, the better and more quickly the matrix is organized. 
The maximum cell number employed to date is 500,000 
cells/ml of the collagen solution. This is the cell density to 
be used in the Patch construction. 

0061 The third variable is the time in culture of the Patch 
under non-contractile conditions. The longer the Patch is in 
the culture, the Stronger it becomes due to an extended 
organization of the collagenous matrix by the component 
cells (fibroblasts). 
0.062 And the fourth variable is the culture under matrix 
organization conditions. Several Specific initiators of this 
process (e.g. thrombin, high calcium, TGF) may be used to 
control the matrix condensation process. Alternatively, com 
bination between the collagen Solution and a man-made 
biocompatible (and biodegradable) polymer may be used for 
this purpose, provided the criteria for the properties of the 
Patch are not compromised. 

0.063) To construct the Patch, normal dermal fibroblasts 
were obtained by outgrowth of cells from de-epidermalized 
infant foreskin explants. Cells in early passage were har 
Vested by trypsinization and used for construction of three 
dimensional matrices (connective tissue equivalent). Fibro 
blasts (preferably, 300-360,000 cells/ml) were added and 
thoroughly dispersed into a cold (4 C.), neutralized (pH 7.4) 
collagen type I Solution (20 ml, 3.0 mg/ml). Aliquots of the 
resulting mixture were poured into a 100 mm tissue culture 
dish and allowed to gel by incubation at 37 C., 5% CO. 
After equilibration period of 5-12 hrs, the cultures were 
treated with 20 ml medium of Ham's F-12 containing 5% 
FBS, ascorbate and O-ketoglutarate (or glycolic acid, or 
other collagen Synthesis stimulators) and the medium 
(Ham's F12 containing 5%, or any defined media such as 
Clonetics FGM, Cascade Biologicals FGM, etc., which will 
support adaptation of FBS) changed thereafter every 48 
hours for 1 week. At the end of this period the Patch was 
epartated from the walls and the floor of the dish using a flat 
Spatula. 

EXAMPLE 11 

0064. Matrix Reorganization in the Patch 
0065. By changing the medium to DMEM (containing up 
to 20% FBS, or using any other defined media which 
contains TGF, lysophosphatidic acid (LPA), PDGF, throm 
bin, high calcium etc.), the cells were induced to reorganize 
the collagen gel into a tissue like matrix in a time dependent 
manner, while retaining a degree of translucency which 
allows visibility of vascular structures when located on the 
heart. This process of controlled tissue organization was 
continued by changing medium every 2 days and monitoring 
the patch diameter and thickness daily (see FIGS. 3A and 
4A). After approximately 10 days in culture, the mechanical 
properties of the matrix were deemed appropriate and the 
Patch would have still retained substantial translucency. 
0.066. In addition to improve the mechanical properties 
that contribute to ease of handling and attachment, it is also 
desirable to maintain the translucence of the Patch. This is 
because the Surgeon has to be able to easily discern the 
vascular structures that are being covered by the Patch. This 
would be critical if there would be a need to reopen before 
the Patch has been adsorbed and a need to work on the 
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cardiac vessels. The Surgeon would just cut through the 
Patch to gain access to the vessels under it. Further advances 
in the mechanical integrity (ability to be Sutured) may be 
made by incorporating other ECM macromolecules into the 
Second and third generation Patches. 

EXAMPLE 12 

0067 Elimination of Cellular Components from the 
Patch 

0068. When the Patch had reached about 60% of its 
initial size while retaining its thickness, the medium was 
removed, the PBS (1x, 20 ml) added, and the Patch was 
Subsequently maintained at 4 C. The PBS was changed 
every 2-3 days for 1-2 weeks, the PBS was then removed 
and sterile water added (20 ml). After several changes of 
sterile water, the Patch was maintained moist at 4 C. until 
use. All operations were carried out under Sterile conditions 
using Sterile reagents. The absence of cellular component 
was confirmed with neutral red labeling for viable cells and 
light microScopy. 

0069. Other methods can be used to kill the cells. These 
include levels of common antibiotics (e.g. puromycin, 
amphoteracin, mitomycin etc.) which are toxic to mamma 
lian cells as well as micro-organisms, or anti-mitotics Such 
as 5-flurouracil (which are the older generation anticancer 
agents), and osmotic changes (high to low osmolar Solu 
tions). The nutrient deprivation is preferred because of ease 
of use. Whatever the method is, there is washout period first 
for the medium and then for cell killing solution. 
0070. In the case of elective surgeries, the Patch can be 
constructed, and organized using patient's own cells. These 
fibroblasts could be obtained very simply from a 6 mm 
dermal punch biopsy and expanded to a number Sufficient 
for Several patches. One Patch currently uses approximately 
7 million cells (one confluent 150 cm TC flask). An 
approach that may but has not yet been formulated is to 
culture and bank tissues and cells for individuals in case they 
need them in the future. 

0071. The patch can certainly also be used to deliver 
mesothelial cells to the area where they have been elimi 
nated as a result of Surgical trauma. One possibility is human 
amniotic membrane. However, this material is not very 
desirable because it greatly increases the risks of contami 
nation with human pathogens. 

EXAMPLE 13 

0072) 
0073. Efficacy of PAP was evaluated in the canine model 
of “beating heart Surgery” (adult mongrel dogs weighing 
20-25 kg) using the experimental protocol approved by 
Institutional Animal Use and Protection Committee 
(IAUPC). In the first series of experiments the Patch was 
attached to the epicardium using Fibrin Sealant (Haemacure 
Corp., Sarasota, Fla.) after left thoractomy and the pericar 
dium was left open. In the Second Series of experiments 
mammary artery anastomosis was performed and two PAPS 
were used: one was attached to the epicardium and the other 
to the closed pericardium. The attachment was carried out 
using Nitinol Coupler (Coalescent Surgical, Inc., Sunnyvale, 
Calif.). 

Implantation of the Patch 
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EXAMPLE 1.4 

0074) Surgical Methodology 
0075 Experiments using the canine model were con 
ducted in accordance with the Guide to the Care and Use of 
Laboratory Animals (NIH85-23, revised 1996) and with 
approval by IAUPC of the University of North Texas Health 
Science Center at Fort Worth. In each experiment, amongrel 
dog (20-25 kg, male or female) was anesthetized using 
pentobarbital Sodium (30 mg/kg body weight). Supplemen 
tal pentobarbital Sodium and fentanyl (10 ug/kg body 
weight) were i.v. administered as needed to maintain a 
Surgical plane of anesthesia. The dogs were intubated by 
tracheotomy and ventilated with room air by a Harward 
respirator. Arterial blood was frequently Sampled and ana 
lyzed for Po, Pco2, and pH; Ventilation was adjusted to 
maintain these variables within limits of 100-140 mmHg, 
35-45 mmHg, and 7.35-7.45 respectively. Sodium bicarbon 
ate was administered i.V. to maintain normal arterial pH 
when Pco2 was within the normal limits. Body temperature 
was measured with a rectal thermometer and was maintained 
at 36-37 C. by water circulating heating pad. 
0.076 The myocardium was exposed via left thoracotomy 
in the fifth intercostal Space. Incision was made in the 
pericardium and a portion of the inner Surface of the 
pericardium and the epicardium (Surface of the heart) were 
abraded with gause, and the anti-adhesion patch was placed 
over the epicardium to cover the incision. To keep it in place, 
the Patch was glued at the edges using fibrin “tissue glue” 
(Fibrin Sealant, Haemacure Corp., Sarasota, Fla.). The ani 
mal was then closed, brought out of anesthesia and returned 
to the recovery room and the chest tubes were removed. The 
duration of Surgery was 2.5-3.0 hrs. The dog was monitored 
for rejection (temperature, lymphocyte count in the blood) to 
ensure that there were no massive inflammatory or rejection 
responses. Dogs did not require medication during their 
recovery or thereafter. 
0077. After a specific period of time (up to 6 months) the 
dog prepared as described above was anesthetized and left 
thoracotomy performed in the fifth intercostal Space. The 
adhesion absence or presence in the control areas was 
evaluated and recorded photographically. 
0078. Another surgical procedure was also performed in 
dogs to mimic coronary artery bypass grafting. After anes 
thesia and left thoracotomy as described above left internal 
mammary artery (LIMA) was isolated in the area of the 
thoracic cavity in which it is unattached. A section 10-15 
mm of LIMA was ligated off and removed to be used as 
mimic "graft later in the experiment. 

0079 A pericardial “well” was created with an opening 
over the proximal Lateral Anterior Descending Coronary 
Artery (LAD), and a small area (3-5 mm long) of LAD was 
exposed by abrasion immediately over the artery. The LIMA 
graft was then Sutured (using 6.0 proline Suture) over the 
abraded LAD to mimic LIMA-LAD anastomosis. The other 
end of the LIMA graft was taken out through the pericar 
dium and fixed thus leaving this end of the LIMA graft free 
(unattached) and located outside the pericardium. A 1-2 cm 
cut was made in the Patch and the Patch was placed on the 
heart in Such a way that the cut accommodated the anasto 
mosis. Also one part of the Patch was under the LIMA and 
the other covering it. The Patch could be attached to the 
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epicardium with fibrin tissue glue, Sutured and glued, or held 
in place using Nitinol Couplers (Coalescent Surgical, Inc., 
Sunnyvale, Calif.). The use of Nitinol Couplers is preferred. 
The pericardial “well' edges were approximated with three 
Sutures leaving an opening of 3-4 mm. The Second Patch was 
then placed on top of the pericardial opening and also 
Secured to the pericardium using Nitinol couplers. The dog 
was then closed up and after recovery released from the 
post-operative recovery. 

EXAMPLE 1.5 

0080 Termination of Experiments 
0081. In order to observe the efficacy of the Patch in 
preventing the formation of pericardial adhesions and also 
its dissolution time, the experimental dogs were Subjected to 
the identical preparation procedure, anesthesia and opening 
of the thoracic cavity. The areas traumatized during the 
initial Surgery were examined for formation of adhesions 
which were Scored according to Adhesion Scoring Group 
(Fertility and Sterility, 1994; 62:984). The lowest category 
is no adhesions, the next is the presence of filmy adhesions 
that may be resolved by passing a gloved finger between the 
adherent Surfaces, and the worst class are those that required 
resolution using sharp instruments (Scalpel). These obser 
Vations were recorded photographically (digital camera). 
The animals were then euthenized according to the pre 
Scribed protocols. 

EXAMPLE 16 

0082) Patch Construction Experiments 
0083. After preliminary experiments the Patches were 
constructed using the methodology described in Example 14 
in batches of 12. FIGS. 1A and 1B show the statistical 
uniformity of the organization of the matrix by the cells. 
FIGS. 2A and 2B show the comparison of the tissue 
sections of the Patch before and after cell killing once the 
matrix has been organized. The cells in these figures were 
Stained with hematoxolyn and eosin. Neutral red Staining, 
which is an intracellular pH indicator, was also used to show 
whether the cells are alive or dead. FIGS. 3A and 4A show 
changes in the diameter but not the thickness of mini 
patches which are used to develop matrix organization 
conditions. This concept is further demonstrated as a bar 
graph in FIGS. 3B and 4.B. During the washout periods, 
using sterile PBS to remove the remnants of killed cells and 
the medium, and afterwards using Sterile water to remove 
PBS are simple steps in the process but can potentially be 
Sources of contamination if Sterile Solutions and Strict Sterile 
techniques are not used. Also care has to be taken not to 
disrupt the mechanical integrity of the Patch when the liquid 
is being aspirated. The Patch should be easy to handle and 
translucent enough to allow visibility of coronary vascula 
ture (see FIGS. 5A, 5B, 6A and 6B). 

EXAMPLE 1.7 

0084 Anti-Adhesion Experiments 
0085 Since the epicardium is not coated with a layer of 
mesothelial cells, in all experiments the Patch adhered to the 
epicardium whether it was abraded to Stimulate adhesion 
formation or not. Therefore all other Surfaces in the thoracic 
cavity are, when traumatized, the principal initiators of 
adhesion formation. 
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0.086 The above was demonstrated in the first series of 
experiments utilizing 3 dogs in which the pericardium was 
left open. This series also established that the dissolution 
time of the Patch was greater than 3 months. Experiments 
terminated at 2 and 3 months still showed a milky white 
membrane on the pericardium located at the Patch place 
ment Site. It was also evident that the Patch was a target for 
angeogenesis (vascularization) since microvasculature was 
evident from 2 months. This was considered to be beneficial 
Since vascular System would contribute to resolution of the 
Patch by bringing macrophages and lymphocytes to the 
implantation site. 

0087. In the second series of 3 dogs, terminated at 5 and 
6 months, the underside of the pericardium was abraded on 
either side of the phrenic nerve. Dorsal side was the control 
and ventral side the test area in which the Patch intervened 
between the epicardium and pericardium. In this Series the 
pericardium was also not closed. In all three cases there were 
Strong adhesions (grade 3-4) on the unprotected Side (dorsal) 
(see FIG. 7D) and no adhesions on the protected side 
(ventral) (see FIG. 7B). This was true even when in one case 
the Patch moved and Slipped from the original placement 
location. It was also evident from this Series of experiments 
that the Patch was completely bio-adsorbed by 5-6 months 
(see FIG. 7A). In another case, weak adhesion formations 
(grade 0.5-1) occurred in the area not protected by the Patch 
(see FIG. 7C). 
0088. In the third series of experiments, 5 dogs were 
subjected to Left Internal Mammary Artery (LIMA) Anas 
tomosis (see FIGS. 8A-8E and 9A-9E). This is a mimic for 
an actual by-pass procedure currently used on human 
patients. In this procedure two Patches were used in each 
experiment. One patch was attached to the epicardium and 
intervened between anastomosis and the heart and between 
anastomosis and the pericardium. The Second patch was 
attached to cover the closure slit in the pericardium. Two of 
these dogs have So far been terminated and there was no 
evidence of the Patch or any adhesions. These dogs remain 
in the study until later. 

0089. The overall results indicate that PAP prevents adhe 
Sion. In eight in Vivo experiments wherein two different 
procedures were utilized, 12.5% of the cases had grade 1 
adhesions (which can be resolved with a single pass of the 
gloved finger), and the remaining 87.5% showed no adhe 
Sions at all. In all cases the coronary vasculature was visible 
at the beginning, in the intermediate Stages of the experi 
ment, and certainly when the Patch had been absorbed. In 16 
experiments, there had been no deaths, or inflammatory or 
rejection reactions. Neither were there any cardiological 
episodes. 

0090. One of the animals was intubated for fluid with 
drawal and examination. Antibodies directed against the 
Surface antigens on canine lymphocytes or macrophages are 
not commercially available. Using mouse antibodies against 
macrophages, lymphocytes and T cells, the exhudate in the 
thoracic cavity was evaluated by flow cytometry. This 
showed that in the first week post Surgery macrophages and 
lymphocytes were the only inflammatory cells present (T 
cells were absent) indicating a normal post-traumatic 
inflammation. With the approval of the Institutional Animal 
Care Committee (IAC), another dog has been implanted 
subcutaneously with an additional Patch three weeks before 
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termination of the experiment. The rational is that if there is 
an immunogenic response to the components of the PAP, 
then the animal would be Sensitized due to two patches used 
in the LIMA procedure and additional implantation would 
elicit a significant if not massive immune reaction. There has 
been no immune response in two weeks. This experiment 
will be repeated with the remaining two dogs in the LIMA 
study. Two additional animals will be treated in the same 
fashion. 

0091. It is believed that the three dogs remaining in the 
study will also show no adhesions. Therefore it is contended 
that the proof of principle has been demonstrated for this 
invention. The efficacy and safety of this method of adhesion 
prevention is Suitable for other anatomical locations and will 
be subjected to further clinical evaluation. 

EXAMPLE 1.8 

0092 Summary and Discussion 
0093. The above experiments demonstrate that Patch 
works best if it is attached to one of the Surfaces that has 
been traumatized and participates in formation of the adhe 
Sion. In Some locations attachment to one Surface might be 
more important then in others. For this purpose fibrin tissue 
glues, other types of bio-adhesives or alternative FDA 
approved methods of attachment are suitable. The Nitinol 
Couplers are biologically inert and are based on a new FDA 
approved technology. They are easy to use, effective, and 
Safe even on the Sensitive Surface Such as epicardium. 
However, they may not be Suitable for all anatomical loca 
tions (e.g. brain). 
0094. Although the Patch has only been evaluated in the 
thoracic cavity of an in vivo model, it could be utilized with 
equal efficiency in a number of anatomical locations pro 
vided the method of attachment for that location is also 
established, Since its mechanism of action and dissociation 
is global. For example, the physical form of the Patch lends 
it Suitable for Orthoscopic and laparoscopic procedures pro 
Vided the attachment to one of the traumatized Surfaces can 
be made. Thus the Patch might be rolled into a tubular 
Structure, without adhering to itself, and delivered through a 
lubricated orthoScope or laparoscope, wherein Some anti 
adhesion barriers (e.g. SeprafilmE) are too adhesive to be 
used in this type of procedure. 
0095 Additionally, the Patch disclosed in the present 
invention might be easily Stored moist, Sterile and refriger 
ated. It is easy to pick up the Patch and manipulate it with 
Surgical instrument used in most procedures. 
0096 Discussion: The present approach is based on two 
paradigm shifts. The first of these is a departure from the 
established Strategy of inert rapidly dissociating barriers to 
that producing slowly absorbed barrier that actively partici 
pate in the mechanism of prevention of adhesion formation. 
The Second paradigm shift is that attachment of anti-adhe 
Sion barrier to the epicardium does not have to cause foreign 
body reaction. 
0097. The present Patch is designed to be a collagenous, 
but not fibrin based internal scar tissue. The density of the 
Patch is Such that it is amenable to cell invasion and can be 
a scaffold for a variety of cell. For example it becomes 
vascularized, i.e. microVessels are observed in the Patch 
when the Surgical site is examined early after Surgery (4-8 
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weeks). The vascualrization assists in the biodegradation of 
the Patch because it makes the Patch more accessible to 
macrophages and lymphocytes. Since macrophages Secrete 
collagenases, they are involved as the major player in the 
mechanism of biodegradation of the Patch. Both cell types 
Support the inflammatory phase of the wound healing pro 
ceSS and tissue remodeling which is a Slow process of matrix 
dissolution. Since the Patch is collagenous, its dissolution is 
not dependent on fibrinolytic activity and the presence of 
Secreting mesothelium. The collagenous matrix of the Patch 
is not adversely affected by blood. Therefore, there is no 
need that meticulous heamoStasis be established. 

0.098 Since the epicardium is not covered by the 
meSothelium, when the patch is attached, it adheres only to 
this internal Surface. There have been no foreign body 
reactions in any of the in Vivo experiments as a result of 
attachment of the patch to the epicardium. Furthermore 
because the density of the Patch allows retention of the 
initial translucency, the cardiac vasculature is not obscured 
by the Patch. 
0099 While the invention has been shown in several of 

its forms, it is not thus limited but is Susceptible to various 
changes and modifications without departing from the Spirit 
thereof. 

What is claimed is: 
1. An anti-adhesion patch, comprising: 
a collagenous material; and 
at least one non-living cellular component. 
2. The anti-adhesion patch of claim 1, wherein Said 

collagenous material is collagen type I or a combination of 
collagen type I and a co-component. 

3. The anti-adhesion patch of claim 2, wherein Said 
co-component is Selected from the group consisting of 
elastin, interstitial collagens, collagen type III, V and IX, 
glycoproteins and proteoglycans. 

4. The anti-adhesion patch of claim 1, wherein Said 
collagenous material is from a natural Source or a recombi 
nant SOurce. 

5. The anti-adhesion patch of claim 1, wherein said 
non-living cellular component is from a natural Source or a 
recombinant Source. 

6. The anti-adhesion patch of claim 5, wherein said 
non-living cellular component from a natural Source is 
human connective tissue cell. 

7. The anti-adhesion patch of claim 6, wherein said human 
connective tissue cell is a fibroblast cell or a vascular Smooth 
muscle cell. 

8. The anti-adhesion patch of claim 7, wherein said 
fibroblast cell is a dermal fibroblast cell. 

9. The anti-adhesion patch of claim 5, wherein said 
non-living cellular component from a recombinant Source is 
an engineered cell. 

10. A method of constructing an anti-adhesion patch, 
comprising the Steps of: 

(a) mixing human connective tissue cells with a collag 
enous material; 

(b) incubating the resulting mixture in a matrix organi 
Zation medium to Stimulate the cells to adapt to and 
organize the collagenous material into a mono-cellular 
tissue equivalent having desirable dimensions and 
mechanical properties, 
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(c) treating the tissue equivalent to eliminate the cells, and 
(d) confirming the absence of viable cells in the tissue 

equivalent after the treatment, wherein Said tissue 
equivalent may be used as an anti-adhesion patch. 

11. The method of claim 10, wherein said collagenous 
material is in an acid Solution and first neutralized at 4 C. 
before the mixing Step. 

12. The method of claim 11, wherein said acidic Solution 
is hydrochloric Solution. 

13. The method of claim 10, wherein said human con 
nective tissue cell is a fibroblast cell or a vascular Smooth 
muscle cell. 

14. The method of claim 13, wherein said fibroblast cell 
is a dermal fibroblast cell. 

15. The method of claim 10, wherein said collagenous 
material is collagen type I or a combination of collagen type 
I and a co-component. 

16. The method of claim 15, wherein said co-component 
is Selected from the group consisting of elastin, interstitial 
collagens, collagen type III, V and IX, glycoproteins and 
proteoglycans. 

17. The method of claim 10, wherein said collagenous 
material is from a natural Source or a recombinant Source. 

18. The method of claim 10, wherein said matrix orga 
nization medium contains fetal bovine Serum. 

19. The method of claim 10, wherein said matrix orga 
nization medium is a Serum-free cocktail of growth factors 
Selected from the group consisting of fibroblast growth 
factor (FGF), epidermal growth factor (EGF), platelet 
derived growth factor (PDGF), transforming growth factor 
beta (TGF) and a mixture thereof. 

20. The method of claim 19, wherein said cocktail of 
growth factors are in the presence of growth promoters. 

21. The method of claim 20, wherein said growth pro 
moter includes transferrin and insulin. 

22. The method of claim 10, wherein the cell-elimination 
treatment includes nutrient deprivation, antibiotics treatment 
and anti-mitotics treatment. 

23. The method of claim 22, wherein said antibiotics 
includes puromycin, amphoteracin and mitomycin. 

24. The method of claim 22, wherein said anti-mitotics is 
5-flurouracil. 

25. A method for preventing tissue adhesions between 
organs and other tissues being operated upon during Surgical 
procedures, comprising the Step of: 

attaching an anti-adhesion patch to one of the Surfaces of 
the tissues being operated upon, wherein Said anti 
adhesion patch comprises a collagenous material and at 
least one non-living cellular component, wherein Said 
anti-adhesion patch participates in formation of adhe 
Sion and is biodegradable during the recovery. 

26. The method of claim 25, wherein said tissue being 
operated upon is a heart 

27. The method of claim 25, wherein said anti-adhesion 
patch is attached to the traumatized tissues using a tissue 
glue. 

28. The method of claim 27, wherein said tissue glue is a 
fibrin tissue glue or another type of bio-adhesive. 

29. The method of claim 28, wherein said another type of 
bio-adhesive is Nitinol Coupler. 
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