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(7) ABSTRACT

Methods for decellularizing mammalian tissue for use in
transplantation and tissue engineering. The invention
includes methods for simultaneous application of an ionic
detergent and a nonionic detergent for a long time period,
which may exceed five days. One method utilizes SDS as the
ionic detergent and Triton-X 100 as the nonionic detergent.
A long rinse step follows, which may also exceed five days
in length. This long duration, simultaneous extraction with
two detergents produced tissue showing stress-strain curves
and DSC data similar to that of fresh, unprocessed tissue.
The processed tissue is largely devoid of cells, has the
underlying structure essentially intact, and also shows a
significantly improved inflammatory response relative to
fresh tissue, even without glutaraldehyde fixation. Signifi-
cantly reduced in situ calcification has also been demon-
strated relative to glutaraldehyde fixed tissue. Applicants
believe the ionic and non-ionic detergents may act syner-
gistically to bind protein to the ionic detergent and may
remove an ionic detergent-protein complex from the tissue
using the non-ionic detergent. The present methods find one
exemplary use in decellularizing porcine heart valve leaflet
and wall tissue for use in transplantation.
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RELATED APPLICATIONS

[0001] The present application is related to U.S. Pat. No.
6,509,145,

FIELD OF THE INVENTION

[0002] The present invention is related generally to
implantable medical prostheses. More specifically, the
present invention is related to bioprostheses made from
tissue and tissue constructs. The present invention finds one
(non-limiting) use in preparing mammalian tissue for use in
making bioprosthetic heart valves.

BACKGROUND

[0003] The surgical implantation of prosthetic devices
(prostheses) into humans and other mammals has been
carried out with increasing frequency. Such prostheses
include, by way of illustration, heart valves, vascular grafts,
vein grafts, urinary bladders, heart bladders, left ventricular-
assist devices, and the like. The prostheses may be con-
structed from natural tissues, inorganic materials, synthetic
polymers, or combinations thereof. By way of illustration,
mechanical heart valve prostheses typically are composed of
rigid materials, such as polymers, carbon-based materials,
and metals. Valvular bioprostheses, on the other hand,
typically are fabricated from either porcine aortic valves or
bovine pericardium.

[0004] Prostheses derived from natural tissues are pre-
ferred over mechanical devices because of certain clinical
advantages. For example, tissue-derived prostheses gener-
ally do not require routine anticoagulation. Moreover, when
tissue-derived prostheses fail, they usually exhibit a gradual
deterioration that can extend over a period of months or even
years. Mechanical devices, on the other hand, typically
undergo catastrophic failure.

[0005] Although any prosthetic device can fail because of
mineralization, such as calcification, this cause of prosthesis
degeneration is especially significant in tissue-derived pros-
theses. Indeed, calcification has been stated to account for 50
percent of failures of cardiac bioprosthetic valve implants in
children within 4 years of implantation. In adults, this
phenomenon occurs in approximately 20 percent of failures
within 10 years of implantation. See, for example, Schoen et
al., J. Lab. Invest., 52, 523-532 (1985). Despite the clinical
importance of the problem, the pathogenesis of calcification
is not completely understood. Moreover, there apparently is
no effective therapy known at the present time.

[0006] The origin of mineralization, and calcification in
particular, has, for example, been shown to begin primarily
with cell debris present in the tissue matrices of biopros-
thetic heart valves, both of pericardial and aortic root origin.
Bioprosthetic cross-linked tissue calcification has also been
linked to the presence of alkaline phosphatase that is asso-
ciated with cell debris and its possible accumulation within
implanted tissue from the blood. Still others have suggested
that mineralization is a result of phospholipids in the cell
debris that sequester calcium and form the nucleation site of
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apatite (calcium phosphate). Others have suggested that
elastin and its fibrillin subunits may be the nidus for calci-
fication, because of the calcium binding capabilities of these
proteins.

[0007] Regardless of the mechanism by which mineral-
ization in bioprostheses occurs, mineralization, and espe-
cially calcification, is the most frequent cause of the clinical
failure of bioprosthetic heart valves fabricated from porcine
aortic valves or bovine pericardium. Human aortic
homograft implants have also been observed to undergo
pathologic calcification involving both the valvular tissue as
well as the adjacent aortic wall albeit at a slower rate than
the bioprosthetic heart valves. Pathologic calcification lead-
ing to valvular failure, in such forms as stenosis and/or
regeneration, necessitates re-implantation. Therefore, the
use of bioprosthetic heart valves and homografts has been
limited because such tissue is subject to calcification. In fact,
pediatric patients have been found to have an accelerated
rate of calcification so that the use of bioprosthetic heart
valves is contraindicated for this group.

[0008] Several possible methods to decrease or prevent
bioprosthetic heart valve mineralization have been described
in the literature since the problem was first identified.
Generally, these methods involve treating the bioprosthetic
valve with various substances prior to implantation. Among
the substances reported to work are sulfated aliphatic alco-
hols, phosphate esters, amino diphosphonates, derivatives of
carboxylic acid, and various surfactants. Nevertheless, none
of these methods have proven completely successful in
solving the problem of post-implantation mineralization.

[0009] Currently there are no bioprosthetic heart valves
that are free from the potential to mineralize in vivo.
Although there is a process employing amino oleic acid
(AOA®(Biomedical Design, Inc.)) as an agent to prevent
calcification in the leaflets of porcine aortic root tissue used
as a bioprosthetic heart valve, AOA® has been shown to
mitigate calcification in the leaflets of porcine bioprostheses,
but has not been shown to be effective in preventing the
mineralization of the aortic wall of such devices. As a result,
such devices may have to be removed.

[0010] Currently available porcine heart valves can also
cause varying degrees of immunogenic and inflammatory
response. Current glutaraldehyde fixation methods signifi-
cantly mask, but do not eliminate the antigenicity of the
implanted porcine valve tissue. Porcine heart valves can
cause an inflammatory response, ranging from mild to
severe. In severe cases, the foreign tissue may cause a
chronic inflammatory response. The inflammatory response
may be due in part to the cytotoxic nature of glutaraldehyde
itself.

[0011] Accordingly, there is a need for providing long-
term calcification resistance for bioprosthetic heart valves
and other tissue-derived implantable medical devices that
are subject to in vivo pathologic calcification. There is also
a need for methods providing xenogenic tissue having
reduced inflammatory and immunogenic response.

SUMMARY

[0012] The present invention includes methods for treat-
ing tissue to remove non-structural proteins from the tissue,
making the tissue more suitable for transplantation. Tissue




































