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(57) ABSTRACT 

The present invention is directed to an anti-adhesion patch, 
Which is constructed using a tissue equivalent technique. 
The anti-adhesion patch comprises a collagenous material 
and at least one non-living cellular component. Also pro 
vided is a method for preventing tissue adhesions betWeen 
organs and other tissues being operated upon during surgical 
procedures by utilizing the anti-adhesion patch disclosed 
herein. 
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@ml- it!!! Size PAP L HSDMEM) 
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0 1 00.000 A i 0.000% t 0.000 A 
24 100.000% :1: 0.000% :t 0.000% 
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120 NA NA 
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168 61.770% :1: 9.177 :1: 2.649 
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FIG. 8E 
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FIG. 9C 
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PERICARDIAL ANTI-ADHESION PATCH 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This invention claims the bene?ts of provisional 
patent application Serial No. 60/226,503, ?led Aug. 18, 
2000. 

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 

[0003] 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 ?aps 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 
?brinolysin, an enZyme that dissolves ?brin. Inadequate 
hemostasis causes accumulation of blood and blood clots, 
and leads to formation and deposition of ?brin, 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 ?brin matriX to persist and 
gradually becomes populated by macrophages, ?broblasts, 
and giant cells. The initial adhesion matures as ?brin 
becomes ?brinous band With calci?cation 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 ?broblasts, 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 in?ammatory response. The ?broblasts 
secrete collagen (collageniZation) and ?nally contract the 
collagen (?brin) mass into a dense tissue. This contraction 
process further intensi?es 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 ?brous and may even cal 
cify. Calci?cation 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. ?ne surgical steel Wire mesh) and mostly biocom 
patible but non-biodegradable. In recent years, interest in 
more effective and biodegradable anti-adhesion barriers has 
intensi?ed. 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. Speci?cally, PAP is engineered tissue 
equivalent Whose mechanical and optical properties arise 
from organiZation of collagen type I gel by human ?bro 
blasts, but Which in its ?nal form is acellular. In detail, the 
Patch is constructed by miXing normal human connective 
tissue cells, preferably ?broblast, 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 brie?y 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 
speci?cation. 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 (?broblasts) 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 con?rm 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 signi?cant as 
indicated by very small error bars. 

[0014] 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 signi? 
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 ?rst 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 ?nger). 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 
con?rmed 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 ?bro 
blast cells and vascular smooth muscle cells. More prefer 
ably, the ?broblast cell is a dermal ?broblast 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) con?rming 
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 ?rst 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 ?broblast cell or a vascular smooth muscle 
cell. More preferably, the ?broblast cell is a dermal ?bro 
blast cell. 

[0025] 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 ?broblast groWth factor (EGF), epider 
mal groWth factor (EGF), platelet derived groWth factor 
(PDGF), transforming groWth factor beta (TGFB) 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 S-?urouracil. 

[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 ?brin 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 in?ammatory process. Initiation of immune reac 
tion and undue in?ammation 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 in?ammation 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 “?brin 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 ?broblast (or ?bro 
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 petri dish 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 con?rmed 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 

[0035] Normal human dermal ?broblasts may be pur 
chased from Clonetics-BioWhitaker either as live cultures (in 
tissue culture ?asks) or as ampoules of froZen stock cells 
stored under liquid nitrogen (N2). 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 cm2 vented cap 
tissue culture ?ask. To the ?ask is then added 15 ml 
Dulbeco’s Modi?ed Eagle Medium (DMEM) containing 
10% FBS and the culture incubated at 37° and 5% CO2 
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 cm2 tissue culture 
?asks, the ?asks do not have vented caps and are completely 
?lled 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% con?uent 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 ?rst 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 
II1II12)Wh1Ch Were placed on to the inner surface of a 75 cm2 
vented cap tissue culture ?ask. The pieces Were alloWed to 
attach to the ?ask by incubating at 37° C. in an incubator 
(5% CO2 and 98% humidity) for 10-20 min, after Which time 
DMEM containing 10% PBS (10 ml) is added to the ?ask. 
It is critical that the dermal tissue pieces stay attached to the 
?ask. 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 ?ask. 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 ?ask is 90% con?uent. The 
medium is then removed from the ?ask and the cells 
detached (“lifted”) using trypsin/EDTA (5 ml). After treat 
ment With trypsin inhibitor (2><the 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 ?asks (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 ?broblasts are obtained in the identical 
fashion. When a suf?cient 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 ?broblasts, 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 
dif?cult to vasculariZe and biodegrade. In order to accom 
plish this task, the ?broblasts change their phenotype to 
myo?broblasts Which are characteriZed by expression of 
cytoskeletal proteins, such as alpha smooth muscle actin. In 
fact the myo?broblasts 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 ?broblast may be used 
bene?cially 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 

[0045] 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 ?lled, 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, ?lled 
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 ?fth, 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 SmGM2 
de?ned medium (Clonetics-BioWhittaker), counted (hema 
cytometer), and plated into 25 cm2 TC ?asks. The cells Were 
alloWed to attach overnight and the unattached cells (“?oat 
ers”) removed during the medium change 24 hours later. The 
cultures are alloWed to groW to 80% con?uence 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® 3% 
or 5%, pH 3.0) in acetic acid (Cohesion USA, Inc., Vitro 
gen® 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®, 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 
?exibility 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] Acollagen type I solution for the PAP construction 
may be prepared by ?rst 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 puri?cation are 
inadequate. Thus immunologically active entities Which are 












