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Collagen Implant

The invention relates to a highly pure collagen, its use as an implant methods for
its preparation, the method comprising subjecting a sample comprising collagen to
at least one alkaline treatment step in an alkaline solution at a pH >12 and at least

one cleaning step with at least one chaotropic agent.

Prior Art

Attempts have been made in the art to prepare collagen for use in implants from
natural tissue, wherein the tissue is treated to remove non-collagenous compo-
nents such as cells, cellular debris and other extracellular matrix components.
Such pure implants are important for surgical replacement of non-functional tis-
sue. A high degree of purity is important to avoid an immunogenic rejection of the
implant and infections by pathogens. Rejection of implants can be mediated by
natural antibodies (anti-Gal) in serum. Chronic rejections can be mediated by in-
flammatory cells which enter the implant. There is thus a need for a collagen im-

plant from which all cells and antigens have been removed.

Purification methods known in the art frequently do not provide a sufficiently
pure collagen. Further, the methods are not efficient for removing impurities from

a collagen scaffold when the tissue has a high density.

A tissue of especially high density is meniscus tissue. The material high density
confers the necessary mechanical properties to the meniscus, such as pressure sta-
bility, pressure conversion, stabilization of the knee joint and shock absorption.
Meniscus injuries are some of the most frequent injuries resulting from sports ac-
tivities and are caused by excessive strain of knee joints. The number of meniscus
injuries increases especially in the group of people younger than 30 by new high

risk sports. In the group of people older than 50, increased leisure activities result
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in a continuously rising number of meniscus injuries. In 2004 the number of me-
niscus injuries in Germany is estimated at 300,000 and in the US, more than 1
million interventions are performed. Only 10 % of all meniscus injuries are reme-
diable by arthroscopic knee surgery, and very often a complete meniscus ectomy
is necessary. Within a short time after complete or partial meniscus ectomy, it
leads tor an increasing joint deterioration, and direct bone-on-bone contact. Pa-
tients get pain, swelling, instability of knee joints and early degenerative ar-
thropathies. An adequate meniscus graft is getting more and more important in re-

constructive and regenerative medicine, traumatology and orthopedics.

Several meniscus joints are known. Permanent prostheses from synthetic materi-
als, such as Teflon or Dacron, do not show satisfactory results in animal tests. Ma-

terial failure and synovitis induced by abrasion are observed.

Several autologous tissues have been tested in animal experiments (Goble EM
1999) and clinically as meniscal grafts (Wirth et al. 2002). Diverse conserved al-
logeneic meniscus tissues, such as irradiated, lyophilised, cryoconserved or fresh
donor tissues have been transplanted. So far no allogeneic graft has been shown to
provide protection from degenerative changes of thé articular surface. The risk of
transmission of infectious diseases, of immune response and incompatibilities is
high (Soldner and Herr 2001). Dehydrated grafts may shrink, and the microstruc-
ture may be modified. Chronic inflammation, non-specific synovitis and chondro-

mucoid degeneration arise (Rodeo et al. 2001).

Resorbable, collageneous scaffold of highly purified collagen (almost exclusively
collagen I) with and without crosslinking is only used for partial meniscus repair
(e.g. CMI from ReGen Biologics). Extracellular matrices (e.g. Cook from Cook
Biotech), prepared from intestinal mucosa, are grouted for use. The resulting col-
lagenous scaffold does not show any ordered structure of collagen fibers as a

natural bioimplant.
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Xenogeneic grafts are unlimited and readily available, but antigenic and hy-
peracute rejection reactions can occur, primarily caused by the interaction of natu-

ral antibodies with specific alpha-Gal-epitopes.

Therefore there is the need for a collagenous material, which has material proper-
ties, biochemical stability and integrity, collagen composition, packing of 3-
dimensional collagen, fibrils and fibres to a great extent as in natural tissue. The
matrix is the scaffold for immigrating cells, and their differentiation and rediffer-
entiation into chondrogenic cells (Delloye et al. 2007). All components which
might cause immune responses and rejection reactions have to be denatured and
removed (Goncalves et al. 2005). The risk for transmission of infectious diseases
must be minimized. The scaffold should allow the colonization, recellularisation,
and proliferation of cells, the diffusion of nutrients and other relevant substances.
It should be replaceable by a regenerate matrix. Therefore the matrix should be
chondroconductive and chondroinductive after implantation and immigrating bod-

ies cells.

US 5,374,539 discloses a method for producing a collagen composition from col-
lagenous animal tissue, in which the non-collagenous material is removed with a
proteolytic enzyme digesting solution. However, the enzyme solution is not capa-
ble of removing the non-collagenous components from a collagen matrix, because
enzymes do not diffuse efficiently into the matrix. The method thus requires an in-
itial homogenization step, in which the collagen is disrupted, and a final cross-
linking step. In general, enzyme preparations, especially those comprising a large
number of enzymes, are expensive and their handling is relatively complicated.
Care has to be taken that the enzymes are not themselves degraded and main-
tained within the matrix. The method of US 5,374,539 is not applicable for pre-

paring a highly pure natural collagen matrix from a dense tissue such as meniscus.

A further method for purifying collagen is known from
US 5,993,844. According to this method, a native mammalian soft tissue compris-
ing collagen is treated with an alkaline solution containing a chelating agent, an

acidic solution containing a salt, a salt solution and a rinse agent. The method is
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not efficient for preparing a highly pure collagen matrix from a dense tissue, such

as meniscus.

In summary, according to the methods known in the art, collagen obtained from
tissue is generally not sufficiently pure. Due to the low purity, it is not possible to
use the collagen as an implant because of the high immunogenity due to the impu-
rities. In case the collagen is used as an implant, undesirable responses such as in-
flammation and collagen disintegration are observed. The known methods are es-
pecially not applicable for the preparation of collagen, which is in the form of a

dense or thick matrix.

A specific field in tissue engineering is the replacement of cartilage in the face.
Many different reasons like tumours, traumata, metabolic disorder or embryonic
development disorders lead to defects or even to the loss of cartilage structures in
the face. Due to the deficiency of proper substitutes the reconstruction of these
structures is a big problem, especially in the reconstructive oto-rhino and ear sur-
gery. Sufficient autologous tissue is not always available, and harvesting of suit-
able donor tissue might only be possible to a very limited extent, as in the case of
physical condition of the patient. The resulting comorbidity by the use of autolo-
gous donor tissue is remarkable. The actual treatments before implantation are not

adequate.

The aurical- and oto-rhino-reconstruction, mainly by children, are an outstanding
problem in otolaryngology. Multiple complex operations are necessary. For ex-

2

ample, the still actual “gold-standard” in aurical reconstruction is a transplant
made of autogenic rib cartilage (Brent et a., 1974; Brent, 1999) according to the
counter ear. Dependent on the chosen surgical technique, even by a regular course
without complications, mostly 2 to 4 operations based on each other are required.
The complexity of this multi-stage process leads independent from the chosen
technique to considerable morbidities of the donor areal like thorax deformations

and extensive scarring beside postoperative pain and restrictions of movement.
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Another problem is that the cosmetic success is often not very satisfying. An un-
remarkable outward appearance because of a lifelike reconstructed ear, or a life-
like nose is associated with high emotional individual gain and very often the end
of a mental trauma. This is most notably decisive for the psycho-social develop-

ment of affected children.

The alternative is a non-absorbable implant which is not rejected. Ear-epitheses
made of silicon rubber, for example, can either be fixed in the bone or fixed mag-
netically. However, they are just an alternative for older patients. Furthermore, re-
cent reports show that non-porous silicon rubber implants may be extruded
through the skin. Until now the only known successful porous product is made of
sintered polyethylene (Porex, USA). It is available in different shapes and sizes

for the use in several regions of the head.

Whereas augmentation of hard tissues seems to be tolerated well, the replacement
of soft tissues, among others the auricle led to a higher number of explantations,

often due to mechanical incompatibility .

Currently in the field of auricular-reconstruction many methods of tissue engi-
neering are medically tested. For this purpose, different artificial three-
dimensional matrix-structures get colonized with human cells, and then implanted

into the defect. Up to now, no method was successful.

Thereby it is very important, that the used materials fit into the defect region, and
the colonizing cells produce adequate and functional new tissue. Additionally, the
cell-matrix-construct should be in vivo stable for a long time. Diverse natural and
artificial materials have been widely investigated, but none of these proved to be
optimal for tissue engineering (Kusuhara et al., 2009; Cao et al., 1997). This is
due to the reason that the cultured cartilage, in addition to the complex cell-culture

technique, lack the forming and form-keeping information.

The Problem underlying the invention
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The problem underlying the invention is to provide a highly pure collagen and a
method for its preparation, which overcome the problems outlined above. The de-
gree of non-collagenous impurities, such as non-collagenous proteins, nucleic ac-
ids and cell debris, shall be low, such that the collagen can be used as an implant.

Further, pathogens such as viruses and prions shall be removed.

A specific problem underlying the invention is to provide a method, which is effi-
cient for preparing a pure collagen matrix from a dense or thick material. The me-
thod shall not require a matrix disintegration step and reassembly of the matrix,
for instance by crosslinking or pressing. The natural three dimensional collagen
matrix shall be preserved or at least affected as little as possible. A specific prob-
lem underlying the invention is to provide collagen from a highly dense tissue,
and especially from meniscus or face cartilage, such as ear or nose cartilage. The
natural structure of the tissue, such as the face cartilage or meniscus collagen scaf-
fold, shall be maintained. Further, the method shall be applicable without enzyme

digestion steps.
It is a further problem to provide a method for preparing highly pure collagen,
which can be carried out relatively simple, with standard chemicals and at low

costs, and which can be automated.

Disclosure of the Invention

Surprisingly, the problem underlying the invention is solved by methods and col-

lagen implants according to the claims.

Subject of the invention is a method for preparing a highly pure collagen, com-

prising subjecting a sample comprising collagen to

at least one alkaline treatment step in an alkaline solution at a pH >12 and

at least one cleaning step with at least one chaotropic agent.

PCT/EP2010/053819



10

15

20

25

30

WO 2010/108945

In general, any natural or artificial tissue comprising collagen can be used. Pref-
erably, the sample is a tissue obtained from an animal. The sample is preferably a
tissue of high density and/or thickness. Preferably, the sample comprises a three-
dimensional collagen matrix (scaffold). A preferred dense tissue is cartilage. It is
preferred that the matrix comprises collagen type I and collagen type II. Prefera-
bly, the sample comprises more than 30, 50 or 60 % (by dry weight) collagen.
Preferably, the three-dimensional collagen matrix of the sample is preserved or

essentially preserved in the product.

A preferred sample of the invention is meniscus, which has a compact structure
due to a dense collagen matrix. The inventive method allows purification of me-
niscus whilst preserving the natural scaffold of collagen fibrils. The purified carti-
lage or meniscus of the inventjon is porous. It comprises cavities, from which
non-collageneous impurities, such as cells, proteoglycans, gylcosaminoglycans
and other matrix components, were removed. This is an important prerequisite for
diffusion of cells into the matrix after implantation. Only when diffusion through-
out the entire matrix occurs after implantation, a cartilage such as meniscus will
develop adequate mechanical properties. Since the method of the invention uses
harsh chemicals, it cannot be excluded that a small amount of chemical bonds
within the collagen matrix are disrupted. However, this is not detrimental to the
invention as long as the overall tree-dimensional porous scaffold of the collagen is
essentially maintained. A limited extent of disruption of bonds might even be ac-
ceptable or advantageous in order to improve the diffusion processes during the
purification. In further embodiments, the sample is selected from intervertebral (or
spinal) discs, articular discs, face cartilage, such as ear cartilage or nasal cartilage,
rib cartilage, cruciate ligament and Achilles tendon. The sample can have any

conceivable form. It can be specifically cut, crushed or uncrushed.

Preferably, the tissue is bovine, porcine or human. Preferably, the collagen has a
purity which is so high that it can be used as an implant. An "implant” is a colla-

gen which is usable and/or adapted for transfer to a patient by surgery.
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In a preferred embodiment of the invention, the alkaline solution comprises
NaOH, KOH, Ca(OH),, CaO, Mg(OH), or LiOH. The pH of the solution is >12,
preferably >12.2, >12.5 or >13. The pH can be adjusted with any strong base
which may be used in a concentration range between 0.01 and 3 M, preferably be-
tween 0.05 M and 2 M. The alkaline treatment is preferably carried out at a tem-
perature between O and 40°C, preferably at room temperature. Especially pre-
ferred is the use of a NaOH solution. Preferably, the sample is subjected to the al-
kaline treatment for at least 30 minutes, more preferably for at least one hour or at
least two hours. Especially preferred is a treatment of the sample with 1 NaOH for

three hours.

It was found that with an alkaline treatment step at a high pH it is possible to hy-
drolyze in a single step a large amount of contaminants, such as proteins and lip-
ids, without negatively affecting the collagen. Further, the alkaline treatment step
allows rapid and simple inactivation of pathogens, such as viruses (hepatitis), ret-
roviruses (PERV), bacteria and prions (BSE, CID).

The sterilization step is similar to the decontamination of vessels with NaOH used
in the art. For instance, it is known in the art that an inactivation of PrP> with a
reduction factor of >4 log)o is achieved with 0.1 N NaOH solution at room tem-

perature after 15 minutes.

The sample is preferably a tissue of high density and/or thickness. A preferred
dense tissue is cartilage. A preferred sample is meniscus tissue, which has a com-
pact structure due to a thick collagen matrix. When the sample is meniscus tissue,
it is preferred to apply the alkaline treatment step at least at a pH of 12 or 13 for at
least one hour. In general, the thicker the sample structure and the diameter of the
sample, the higher should the pH be adjusted and the time of treatment increased.
The alkaline concentration should not be adjusted too high, because for instance at
a concentration of NaOH of 3 M it was found that meniscus tissue can start disin-
tegration. The purification can be improved if the alkaline treatment step is re-

peated at least once.
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It is preferred to use the alkaline treatment step at the beginning of the inventive
procedure, because it was found that the alkaline treatment, for instance with 1 N
NaOH, induces rapid and pronounced swelling of the tissue, and consequently re-

agents in further treatment steps can be applied more efficiently.

In a preferred embodiment, at the end of the alkaline treatment step, the sample is
subjected to a sonication. For example, the sonication is applied for 2 to 30 min-

utes.

After the alkaline treatment, the alkaline solution is removed from the sample.
Preferably, a washing step follows in which the sample is washed with distilled or
deionized water. The washing step can be repeated for several times. Alterna-
tively, mild acids can be used for washing the sample and for utilizing residual al-
kaline. In preferred embodiments, the washing step is carried out with 0.1 N

acidic acid or citric acid.

The method further comprises a cleaning step (denaturing step) with a chaotropic
agent. In this step, non-collageneous components are denatured, whilst the colla-
gen matrix is maintained. The impurities are thus removed from the pores within
the collagen matrix. In a preferred embodiment of the invention, the chaotropic
agent is a guanidinium salt, a perchlorate, urea, MgCl,, a thiocyanate, an iodide or

a barium salt.

Chaotropic agents are substances which disrupt the three-dimensional structure of
macromolecules, such as proteins, DNA or RNA, and thus denature them. Cha-
otropic agents are known to interfere with stabilizing intramolecular interactions
mediated by non-covalent forces such as hydrogen bonds, van der Waals forces
and hydrophobic effects. Such substances are well-known to the skilled person.
They are classified in the Hofmeister series in the order of their ability to change
the water structure. Especially preferred is the use of guanidinium chloride. Gua-
nidinium is used in biochemistry as a means of extraction. Specifically, it is
known to denature proteins. Highly concentrated guanidinium chloride is used in

the art for removing proteoglycans from tissue. In the present invention, the cha-
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otropic agent efficiently extracts proteoglycans. In contrast, the collagen matrix is
not denatured or negatively affected. Guanidinium chloride at high concentrations

induces swelling of the tissue and thus facilitates the extraction of impurities.

In a preferred embodiment, guanidinium chloride is used at a relatively low con-
centration between 0.2 and 3 M, preferably between 0.5 and 2.5 M, especially pre-
ferred 1 M. It was found that a concentration of guanidinium chloride of 4 M or
higher, which is used in the art, can result in less efficient extraction of contami-

nants.

In a preferred embodiment, the cleaning step is applied for at least
6 hours, more preferably for at least 1 or 2 days. It was found that especially when
the sample is a thick tissue such as meniscus, efficient diffusion of the chaotropic

agent into the core of the tissue is possible during such an extended time.

Preferably, the chaotropic agent is used in an aqueous solution, for instance an
appropriate buffer. In a preferred embodiment, proteinase inhibitors are added,
because proteases can be released by the tissue during removal of proteoglycans

and subsequent exposure of internal collagen.

Preferably, at the end or during the cleaning step, the sample is subjected to a so-
nication. At the end of the cleaning step, the chaotropic agent solution is removed
from the sample. Subsequently, preferably one or more washing steps are applied,
preferably with distilled or deionized water. Preferably, during the washing steps,

further sonication steps are applied.

Preferably, the cleaning step is carried out in the presence of sodium acetate, pref-
erably at a concentration between 0.01 and 0.1 M. A preferred temperature range

is from O to 25°C, more preferably between O and 8°C.

The treatment with the chaotropic agent allows efficient removal of proteogly-
cans. During removal of the proteoglycans, it is possible that proteases are re-

leased which are inhibited by the chaotropic agent. This effect is especially pro-
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nounced when the cleaning step is carried out in a buffer, for instance a sodium

acetate buffer.

In a preferred embodiment of the invention, the method further comprises at least
one defatting step in a solution which is less polar than water, or in a detergent so-
Iution. In general, a solvent or detergent is selected which partially or fully dis-
solves and removes fats, lipids and other lipophilic components from the sample.
In a preferred embodiment of the invention, the solvent is selected from methanol,
ethanol, propanol, isopropanol, butanol, isobutanol, acetone or a mixture of any of
these with water. In a preferred embodiment, a 20 to 90% solution of ethanol is

used.

Alternatively or in an additional step, a solution of a detergent in water can be
used. A preferred detergent is Triton X-100. Detergents such as SDS, which bind

to collagen, are less preferred.

Preferably, the defatting step is carried out for a period between 20 minutes and
48 hours. A preferred temperature range is between 0°C and 40°C, preferably at
room temperature. A more preferred temperature range is between 25°C and

50°C, especially at 40°C.

In the method of the invention, it is preferred to carry out the defatting step after
the alkaline treatment. This is advantageous, because the alkaline treatment step
induces swelling of the tissue, removes non-collageneous matrix components, and the

defatting is more efficient at the inside of the tissue.

In a preferred embodiment of the invention, the method further comprises at least
one inactivation step with an aqueous solution of peroxide. In preferred embodi-
ments, the peroxide is hydrogen peroxide, an inorganic peroxide salt or an organic
hydroperoxide. Useful inorganic peroxide salts are monovalent or bivalent salts of
Na, K, Ca, Sr, Ba, Li and Mg. Useful organic peroxides are ether or ester perox-
ides. It was found that the peroxide treatment improves the inactivation of the tis-

Sue€.
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In a preferred embodiment of the invention, the peroxide is hydrogen peroxide.
Preferred is a concentration range between 2 and 25% by weight, more preferred
between 3 and 10% by weight. The peroxide may be used in combination with a
buffer or a salt, such as K*, NH', CI, SO42', C032' or hydrogen phosphate. The
salt can be used in a concentration between 0.5 and 10, or between 1 and 5% by
weight. The amount of peroxide i1s chosen such that the matrix is essentially not

decomposed.

Preferably, the peroxide inactivation is applied for 1 to 96 or 6 to 72 hours, pref-
erably for at least 2 or at least 5 hours, more preferably for 48 hours, and prefera-
bly in a darkened environment. The conditions can be adjusted such that the per-
oxide solution is exchanged after decomposition of the peroxide. A preferred tem-
perature range is between 0 and 40°C, more preferably between 4 and 30°C. At
the end of the peroxide treatment, it is preferred to apply a sonication. Subse-
quently, the peroxide solution is removed from the sample, and the sample is sub-
jected to at least one washing step. Preferably, the washing steps are supported by
sonication. The washing steps are preferably carried out in distilled or deionized

water.

In a preferred embodiment of the invention, the method further comprises at least
one washing step after at least one treatment step and/or prior to the first treatment
step. In general, after each of the specific purification steps of the method of the
invention, i.e. the alkaline treatment, defatting step, the cleaning and the inactiva-
tion step, the sample is removed from the specific purification solution, and one or
more washing steps can be applied. Surprisingly, it was found that in contrast to
procedures known in the art, the washing steps in the inventive method can be
carried out with water, preferably distilled water or deionized water. In contrast to
known procedures, it is not necessary to use buffers in which physiological condi-
tions have been adjusted. The inventive method is thus simplified. However, the
washing steps in the inventive method can also be carried out with buffers under
physiological conditions. The washing buffers may also comprise further addi-

tives, such as protease inhibitors or buffer salts. Each washing step may be re-
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peated several times, for instance 2 to 10 times, especially 2 or 4 times. The wash-
ing steps may be applied for 10 minutes up to 48 hours, preferably for 30 minutes
up to 5 hours. Here in the washing steps, sonication treatments can be applied in
order to enhance the washing effect. For instance, a sonication can be carried out

for 2 to 30 minutes, preferably for 5 to 50 minutes.

It was found that the tissue treatment steps outlined above are advantageous in the
production of a highly pure collagen. Depending on the nature of the sample and
the desired degree of purification, the skilled person can select a specific combi-
nation of the steps. For example, he can decide whether for a specific tissue a de-
fatting step or peroxide treatment are necessary. In general, the order of the steps
can be arranged as desired. Further, it is possible to repeat certain steps, possibly
in combination with intermediate washing steps, in order to achieve an optimized
purification. For example, it can be advantageous to apply at least two alkaline
treatment steps, one at the beginning of the procedure and another after the clean-

ing step with the chaotropic agent.

In a preferred embodiment of the invention, the method comprises the steps of:

(a) at least one alkaline treatment in an alkaline solution at a pH >12,

(b) at least one defatting step with at least one solvent which is less polar
than water, or with a detergent solution,

(c) at least one cleaning step with at least one chaotropic agent and

(d) optionally at least one inactivation step with an aqueous solution of a

peroxide.

In a preferred embodiment, the steps are carried out in the order from (a) to (d).
Depending on the specific tissue, steps (a) to (d) can also be applied in a different
order. For instance, the inactivation step (d) can be applied after the defatting step
(b) and/or the cleaning step (c). It is preferred that the treatment of the tissue starts
with step (a).
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Any of the treatment steps (a) to (d) can be repeated, for instance applied 2 or 3
times. Specifically, it is preferred that the peroxide inactivation step is repeated at

least once.

In a preferred embodiment of the invention, the method comprises, preferably in

the following order, the steps of:

(a) at least one alkaline treatment in an alkaline solution at a pH >12.5,

(b) at least one defatting step in a solvent which is less polar than water,

(c) at least one cleaning step with a guanidinium salt and

(d) optionally at least one inactivation step with an aqueous solution of

hydrogen peroxide.

In a preferred embodiment of the invention, each of steps (a) to (d) is following by
at least one washing step and/or wherein at least one washing step is carried out

prior to step (a).

In a preferred embodiment of the invention, at last one washing step is carried out

in distilled or deionized water.

In a preferred embodiment, prior to the alkaline treatment step (a), the sample is
thoroughly washed. For instance, the washing of the tissue can be carried out with
deionized/distilled water at a temperature between O and 40°C, preferably 4 to
30°C. The washing step may be carried out for 12 to 72 hours. During this time,

the water is preferably replaced by fresh water several times.

After the final purification step, for instance after the last inactivation step (d)
with a solution of a peroxide, the sample, which is a highly pure collagen tissue, is
preferably washed thoroughly. For instance, the washing step can be carried out
with water for up to 72 hours at a temperature between 0 and 40°C, preferably be-

tween 4 and 30°C. The water may be replaced several times.
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The sample thus purified can be adapted for storing and stored for extended times.
For instance, the purified sample can be stored in sodium chloride solution, for
example in a concentration range between 0.1 and 26 percent by weight. The
sample may be stored sterile under vacuum or irradiated, for instance by UV and
gamma-rays. Alternatively, the sample may be stored at temperatures below -

10°C or below -18°C.

In a preferred embodiment, the purification steps of the invention and the washing
steps or any other treatment steps are carried out under a steady movement of the
solutions and the sample. Useful devices are known in the art and comprise vari-
ous laboratory shakers, such as overhead shakers, horizontal shakers, spinning
shakers, possibly supported by pressure or suction forces, by vortexing or by soni-
cation. The treatment steps may be carried out in a reaction chamber (washing re-

actor).

In addition to the purification steps (a) to (d) outlined above, it is possible to carry
out further purification steps known in the art. For instance, it is possible to carry
out an additional acid treatment step (e). Such an acid treatment step is used for
instance in the US 5,993,844. It was found that the method disclosed therein is not
efficient in purifying a thick tissue, such as a meniscus tissue. An efficient re-
moval of further components from the collagen matrix is only observed according
to the invention with a strong alkaline treatment step and a cleaning step with a
chaotropic agent. However, an additional treatment with an acidic solution, for in-
stance at a pH between 0 and 1, or at a pH between 0 and 8, is possible. The addi-
tional acid treatment step (¢) may be carried out after the alkaline treatment step
(a). In a specific embodiment of the invention, the method does not comprise an

acid treatment step.

In a preferred embodiment of the invention, the method does not comprise an en-
zyme treatment, such as a proteolytic enzyme digestion step. Such a step is known
from US 5,374,539. Since the present invention efficiently removes the contami-
nants from the collagen matrix in the sample, such an enzyme treatment step is

not necessary. The method is thus simpler, cheaper and more reliant. In a less pre-
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ferred embodiment of the invention, an additional proteolytic enzyme digestion
step is applied. In another embodiment of the invention, proteolytic enzymes may

be added during any of the treatment steps (a) to (g).

In the US 5,993,844, the alkaline treatment step is carried out in the presence of a
chelating agent. According to the present invention, it is not necessary to apply
the alkaline treatment in the presence of a chelating agent. In an embodiment, no
chelating agent is added in step (a). However, a chelating agent may be added in
the method of the present invention in the alkaline treatment step (a) or in another

step if considered advantageous.

As outlined above, the inventive method can be carried out at standard tempera-
tures and with standard chemicals, which are cheap, easily available and reliable.
The steps comprise simple procedures such as addition and removal of liquids, in-
cubation and sonication. It is not necessary to treat the tissue individually, by cut-
ting, shaping, pressing etc. The inventive method can thus be applied in an auto-
mated process. This is highly advantageous in the routine preparation of a large

number of implants.

Another subject of the invention is a highly pure collagen obtainable by a process

of the invention. Preferably, the highly pure collagen is a meniscus collagen.

Preferably, "highly pure" means that the collagen comprises more than 95, 98, 99
% or 99.5 (of total dry weight) collagen. The degree of non-collageneous impuri-
ties, such as proteoglycans, glycosaminoglycans (e.g. hyaluronic acid) and cells,
is thus low. Such impurities are potential antigens. Preferably, the amount of cells
or proteoglycans in the inventive highly pure collagen is less than 0.5% or less
than 0.1% of the level in the original tissue, or not detectable at all. It was found
that in a highly pure collagen of the invention, the amount of cells can be reduced

so much that cell nuclei are not detectable any more by staining.

In a preferred embodiment, the content of proteoglycans in the inventive collagen

implant is below 0.5 or below 0.2 percent of total dry weight.
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Preferably, the thickness of the sample and/or the inventive highly pure collagen
is at least 1, 3 or 5 mm, preferably between 1 mm and 50 mm, more preferably be-
tween 3 and 25 mm. The dimensions of the sample and/or inventive highly pure

collagen may be from 0.5 to 50 cm?.

Another subject of the invention is an implant comprising a highly pure collagen
of the invention. The collagen may be used directly as an implant. The highly pure
collagen may also be adapted to an appropriate size and/or adapted further to use
as an implant, for instance by sterilization or by equipping the collagen with

agents such as pharmaceutics.

Another subject of the invention is the use of the highly pure collagen of the in-
vention, or a piece thereof, as a collagen implant or in the preparation of a colla-
gen implant and/or in reconstructive surgery. The implant can be used for al-

logenic or xenogenic transplantation.

Another subject of the invention is a surgical method, in which an implant of the
invention is transferred to a patient in need thereof or to a non-human animal,
such as a horse or dog. The implant obtained according to the process is highly

sterile and the simple process steps avoid cross-contaminations.

The highly pure collagen of the invention can also be used as a scaffold for cell-
based tissue engineering, preferably for meniscus or cartilage. The scaffold is
preferably chondroconductive and chondroinductive. Thereby an implant can be

prepared by ex vivo modification of the collagen.

The method and the collagen of the invention solve the problem underlying the
invention. The method of the invention provides a relatively simple and efficient
way for obtaining highly purified collagen for use as an implant at low costs. The
inventive method preserves the three-dimensional structure of native collagen.
The inventive method removes or inactivates all additional components of native

tissue except the collagen. The inventive collagen implant thus does not induce
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undesired immune responses and rejection of implants. The highly purified colla-
gen matrix allows diffusion of cells into the matrix and growth of new tissue after
implantation. Due to the specific purification steps, the inventive collagen is high-
ly sterile. Preferably, the implant does not comprise active pathogens, such as
fungi, viruses, bacteria, prions and/or spores. It is not necessary to apply addi-
tional sterilization steps to the inventive collagen. The inventive implant is espe-

cially useful for patients who are oversensitive against chondroitin sulfate.

The inventive collagen matrix is chondroconductive. After implantation, the col-
lagen adapts chondroinductive properties, which are induced by diffusion of cells

of the host into the matrix.

The inventive method can be applied to any natural collagen sample. The inven-
tive method is especially useful for dense tissues, such as meniscus. Methods
known in the art commonly do not provide purification of the matrix and efficient
removal and inactivation of other components from the interior of the matrix. The
inventive implant allows purification or a large piece of meniscus whilst maintain-
ing the natural collagen matrix. The outer form, size and geometry of the menis-
cus are maintained. The implant is useful in total or partial meniscus ectomy, be-
cause according to the inventive method it is possible to prepare a full natural me-
niscus or any part thereof. The purified meniscus of the invention can be attached

to the synovial membrane.

Since the present invention allows purification and inactivation throughout a
dense collagen matrix, whilst maintaining the collagen structure, it is not neces-
sary to disrupt the matrix prior to purification and/or to cross-link the matrix after
the purification, as in the US 5,374,539. The present inventive method is simpler
and more efficient compared to a method which requires disruption of the matrix,

addition of enzymes and cross-linking of the matrix.

The inventive meniscus which preserves the natural structure is also significantly

distinct form implants known in the art, in which collagen of type I only is puri-
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fied, crosslinked and pressed into a required form. The inventive purified menis-

cus already is available in a natural meniscus form.

Figures 1a and 1b show CFDA SE/PI vital staining of 3T6-fibroblast on meniscus

graft prepared according to example 1. Vital cells show green fluorescence (circu-
lar, white or light grey) whereas dead cells fluoresce red (dark grey). Vital 37T6 fi-
broblasts adhere on the surface of meniscus graft.

Figure 2 shows dark violet-stained stained (circular, dark grey/black) vital 3T6 fi-
broblast cells in the matrix of a 0.75 mm thick tissue section along the distal edge
of the meniscus.

Figure 3 shows haematoxylin-eosine (HE) stained cell nuclei in the cryo-cut sec-
tion of a native meniscus. Cell nuclei are black stained. The extracellular matrix is
stained red (light grey).

Figure 4 shows haematoxylin-eosine (HE) staining of a cryo-cut section of a proc-
essed meniscus. The structure is loosed by the removal of extracellular matrix and
cutting. Cell nuclei (circular, black) cannot be detected.

Figure 5 shows alcian blue staining of glycosaminoglycans in the cryo-cut section
of a native meniscus. Especially sulfated and acid glycosaminoglycans, e.g. chon-
droitin and kreatan sulfate, are stained dark blue (dark grey). Cell nuclei remain
undyed.

Figure 6 shows alcian blue staining of glycosaminoglycans in the cryo-cut section
of a processed meniscus. Glycosaminoglycans cannot be detected.

Figure 7 shows haematoxylin-eosin (HE) stained cell nuclei of human nasal sep-
tum cartilage, which was prepared according to example 2, populated with human
chondrocytes and incubated for 21 days. It shows an overview of the whole ap-
prox. 3 mm long cut section of the product, prepared by the process of example 2,
with human chondrocytes (black nuclei) populated over the whole tissue, and
without zones of inhibition.

Figure 8 shows a detailed view of the same tissue as Figure 7.

Figure 9 is a more detailed view of the population of figure 7 over the whole pe-

riphery and the immigration of chondrocytes (dark stained nuclei) into lacunae

(light grey).
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Figure 10 shows alcian blue staining of glycosaminoglycans in the cryo-cut sec-

tion of the graft according to example 2.

Examples:

Example 1: Meniscus Tissue

1. Pretreatment — Washing

The tissues are processed in 0.8 L. H;O(deion) for 24 h in a 1 L plastic bottle. Dur-
ing the first 10 h every 2 hours the tissue is treated 10 min in an ultrasonic bath.

After every ultrasonics treatment the water is exchanged for fresh H,O(deion).

2. Alkaline treatment for cleaning and inactivation

After 24 h, directly after the separation of the water the tissues are transferred into
0.5 L of 1 N NaOH solution and processed for 3 h. At the end follows 10 min of

an ultrasonic application. The NaOH solution is separated.

3. Washing step
The tissues are washed 24 h with 0.8 L H,O(deion) for the removal of NaOH so-

lution and hydrolysis products. During the first 4 h every 30 min the water is
changed. The pH value of the washing solution should be controlled. If necessary,

washing must be continued.

4. Defatting step

After separation of the washing solution the tissues are treated in 0.5 L of 70 %

ethanol for 3 h. At the end follow 10 min of an ultrasonic application.

5. Washing step

After separation of the aqueous ethanol extract the tissues are washed with 0.5 L
H,0O(deion) for 1 d. After 2 and 4 h an ultrasonic application for 10 minutes fol-
lows with a change of the washing solution. Afterwards the water will be changed

2 times more and separated at the end.
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6. Removal of non-collageneous material by denaturation

The tissues are transferred into 0.5 L glass bottles and chemically treated in 0.25 L
of 1 M Guanidine-HCI solution and 0.05 M sodium acetate in incubation buffer at
4 °C on an horizontal shaker. At the 2nd and 4th day follow 10 min of ultrasonic

treatments. At the end the reaction solution is separated.

7. Washing step
The tissues are washed in 0.5 L H,O (deion) for 24 h. After 2 and 5 h follow 10

min ultrasonic treatments, whereas the washing water is changed after each treat-

ment. At the end the washing water is separated.

8. Additional inactivation and cleaning step

The tissues are treated at 4 °C, in the dark, for 24 h in 0.5 L sterile filtrated, pref-
erably 3-5 % H,O, solution in sterile bottles on an horizontal shaker. At the end

follow 10 min ultrasonic treatment. Afterwards the H,O, solution is separated.

9. Washing step
The tissues are cleaned for 24 h in 0.5 L sterile H,O (deion). During the first 3 h

every hour the tissues are treated with ultrasonic for 10 min. Every time the water

is changed.

10. Storage
The meniscal graft should be stored appropriate for the specific surgical operation.

The tissue can be, among others, sterile air dried or dehydrated in a series of as-
cending concentrations of acetone or other solvents, sterile, vacuum-packed
stored, and / or in 0.9 to typical 26 % NaCl solution conserved and / or frozen at

minimum -18 °C. At the end the tissue can be rayed by UV light or gamma-rays.

General Comments:

The use of an overhead shaker performed the best results with easiest usage. Other

mixing and shaking processes lead to similar qualities.
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Optional ultrasonic applications, €.g. in an ultrasonic bath, at every procedural
step lead for most, but not for all meniscus to a better quality. Number and dura-
tion of the applications are to be adapted to thickness and size of the tissue. The
given times are standard values and can be adapted to the tissue and the general

conditions.

The choice of bottles, jars or vessels (hereinafter called bottles) of inert materials
is preliminary determined from the size of the shaker. This description of the op-
erating procedure does not regulate, and is not restricted by the kind of inert mate-
rial such as glass or plastics. With respect to the movement of the meniscus body
in the bottle with minimal contacts with the wall, a bottle with higher volume has
advantage over smaller ones. To minimize costs the volume can be reduced at the
costly steps, it should preferably be at least 0.5 L. The bottle should preferably be
filled at least 50 %. The specified volumes refer to one meniscus body. Because of
the probability of a contact each other, and consequently abrasion, only one me-
niscus body per bottle should be processed. The process can be conducted in a re-

actor.

The number of washing steps and the exchanges of the solutions have to be
adapted to the thickness and size of the tissue. The process time for single steps

can be changed. This extends mainly the overall process time.

If not otherwise declared, all steps, with the exception of the ultrasonic applica-

tion, are processed in an overhead shaker, and at room temperature.

The process should preferably be carried out under germ-free, sterile conditions in
sterile bottles. At least with the inactivation step with H,O, solution sterile condi-

tions should be kept.

In general, the optimum temperature range is 20 °C — 25 °C. Principally, the tem-
perature should lie in the range of 0 °C to 35 °C. Low temperature decreases,
amongst others, kinetics and extends the process time, and higher temperature in-

creases, among others, the risk for collagen denaturation and microbial growth.
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Remarks for step 1

The meniscus should be cleaned at least externally from soluble substances. These
can be salt solutions from storage as well as residues. Additionally, for advanced
pretreatment, an organic solvent, pure or as an aqueous mixture, such as an alco-

hol, can be used to remove external adhering lipophilic substances.

Remarks for step 2

Alternatively, solutions with KOH, and other alkaline active substances can be
used. The NaOH solutions preferably should be at least 0.2 N and no more than 3
N. The process time for the treatment with NaOH solution preferably is preferably
2.5 to 3.5 h. Within this time the solution should penetrate into the centre of the
tissue. The efficiency of diffusion depends on the nature and size of the sample.
Diffusion experiments show that in some meniscus even with a 3 N NaOH solu-
tion the centre is not reached until 2.5 h. As from approximately 3.5 h the higher
cleaning efficiency should be considered against the increasing collagen denatura-

tion.

Remarks for step 3

Alternatively, weak acids such as 0.1 N acetic and citric acid can be used. In case
of acid excess the tissue is swelling again, and the reaction washing time should
be accordingly adapted. The amount of acid and the acid concentration are cor-
rect, if the tissue swelling is reduced and remains constant. The pH value should
be controlled carefully. After longer reaction time the fraction of denatured colla-

gen increases. Typically, the time has to be reduced to 3 h.

Remarks for step 4

The aqueous solutions can be prepared with other organic solvents such as ace-
tone, isopropanol and similar ones with comparable polarity and hydrophobicity,
too. The water content preferably lies in the range of 10 % to 50 %. Alternatively
or additionally detergents like Triton X-100 can be used.

Remarks for step 6
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Composition of the incubation buffer: 0.1 M Tris-HCI, 1.0 mM iodoacetamide,
1.0 mM EDTA, 10 pg/L pepstatin A. Other buffer systems can be used, preferably
with protease inhibitors. The substitution by water can lead to reduced extraction
efficiency. Apart from Guanidine-HCI other chaotropic salts such as MgCl, or
urea can be used with or without sodium acetate resp. alternative salts. The vol-
ume can be increased but is kept small for economic reasons. The optimum ratio
is preferably 15 to 20 of the tissue. Smaller bottles resp. smaller volumes may in-

crease abrasion.

Remarks for step 8

This step increases the security for an inactivation of the bioimplant. Before this
step an additional alkaline treatment step with subsequent washing can be added.
This is recommendable especially if the rinsing solutions do not penetrate com-
pletely into the depth of the tissue. At least from here on working under sterile

conditions is recommended.

Remarks for step 9

If the inactivation step is omitted, this washing step can be skipped, too.

By the above described preparation, a highly pure meniscus collagen matrix was
obtained. The natural tree-dimensional matrix was preserved. The meniscus was

evaluated in the following assays.

Figures 1a and 1b show CFDA SE/PI vital staining of 3T6-fibroblast on meniscus
graft. Vital cells show green fluorescence (circular, white or light grey) whereas
dead cells fluoresce red (dark grey). Vital 3T6 fibroblasts adhere on the surface of

meniscus graft.

Figure 2 shows dark violet-stained stained (circular, dark grey/black) vital 3T6 fi-
broblast cells in the matrix of a 0.75 mm thick tissue section along the distal edge
of the meniscus. Figures 1 and 2 show that the meniscus graft is not cell toxic.

Growing up cells are vital and adhere.
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Figure 3 shows haematoxylin-eosine (HE) stained cell nuclei in the cryo-cut sec-
tion of a native meniscus. Cell nuclei are black stained. The extracellular matrix is

stained red (light grey).

Figure 4 shows haematoxylin-eosine (HE) staining of a cryo-cut section of a proc-
essed meniscus. The structure is loosed by the removal of extracellular matrix and
cutting. Cell nuclei (circular, black) cannot be detected. The comparison of figures

3 and 4 thus show the effectiveness of cell removal.

Figure 5 shows alcian blue staining of glycosaminoglycans in the cryo-cut section
of a native meniscus. Especially sulfated and acid glycosaminoglycans, e.g. chon-
droitin and kreatan sulfate, are stained dark blue (dark grey). Cell nuclei remain

undyed.

Figure 6 shows alcian blue staining of glycosaminoglycans in the cryo-cut section
of a processed meniscus. Glycosaminoglycans cannot be detected. The compari-
son of figures 5 and 6 thus shows the effectiveness of the removal of glycosami-

noglycans.

Example 2: Nasal Septum Cartilage

The process is described for human nasal cartilage. It can also be used for porcine

and bovine cartilage.

1. Pretreatment - Washing

Human, uncrushed (and also crushed) nasal septum cartilage is processed in 0.8 L
H,O(deion) for 24 h in a 1 L plastic bottle. During the first 10 h every 1-2 hours is
treated 10 min in an ultrasonic bath. After every ultrasonic treatment the water is

exchanged for fresh H,O(deion).

2. Alkaline Treatment

After 24 h, directly after the separation of the water the tissues are transferred into

150 mL of 1 N NaOH solution in a 0.5 L plastic bottle and processed for 3 h. Af-
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ter 1 h and after 2 h the tissue is treated 5 min in an ultrasonic bath. The NaOH so-

lution is separated.

3. Washing step
The tissue are washed 24 h in 400 mL H,O(deion) for the removal of NaOH solu-

tion and hydrolysis products. During the first 4 h every 30 min the water is
changed. The pH value of the washing solution should be controlled. If necessary,

washing must be continued.

4. Defatting step

After separation of the washing solution the tissues are treated in 0.5 L of 10 %

ethanol for 3 h. At the end follow 10 min of an ultrasonic application at 40 °C.

5. Washing step

After separation of the aqueous alcohol extract the tissues are washed with 0.5 L
H,O(deion) for 1 d. After 2 and 4 h an ultrasonic application for 10 min follows
with a change of the washing solution. Afterwards the water will be changed 2

times more and separated at the end.

6. Removal of non-collageneous material by denaturation

The tissues are transferred into 0.5 L glass bottles and chemically treated in 0.25 L
of 1 M Guanidine-HCl solution and 0.05 M sodium acetate in incubation buffer at
4 °C on an horizontal shaker. At 2nd and 4th day follow 10 min of ultrasonic

treatments. At the end the reaction solution is separated.

7. Washing step
The tissues are washed with 0.5 L H,O(deion) for 1 d. After 2 and 4 h follow 10

min ultrasonic treatments, whereas the washing water is changed after each treat-

ment.

8. Additional inactivation and cleaning step
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The tissue are treated at 4 °C, in the dark, for 48 h in 0.5 L, sterile filtrated, pref-
erably 3-5 % H,O, solution in sterile bottles on a horizontal shaker. At the end

follow 10 min ultrasonic treatment. Afterwards the H>O, solution is separated.

9. Alkaline Treatment

After 24 h, directly after the separation of the water the tissues are transferred into
150 mL of 1 N NaOH solution in a 0.5 L plastic bottle and processed for 3 h. Af-
ter 1 h and after 2 h the tissue is treated 5 min in a ultrasonic bath. The NaOH so-

lution is separated.

10. Washing step
The tissue are washed 24 h in 400 mL H,0O(deion) for the removal of NaOH solu-

tion and hydrolysis products. During the first 4 h every 30 min the water is
changed. The pH value of the washing solution should be controlled. If necessary,

washing must be continued.

11. Storage
The graft should be stored appropriate for the specific surgical operation. The tis-

sue can be, among others, sterile air dried or dehydrated in a series of ascending
concentrations of acetone or other solvents, sterile, vacuum-packed stored, and/or
in 0.9 % of typical 26 % NaCl solution conserved and/or frozen at minimum -18

°C. At the end the tissue can be rayed by UV light or gamma rays.

By the above described preparation, a highly pure human nasal septum cartilage
collagen matrix was obtained. The natural tree-dimensional matrix was preserved.

The graft was evaluated in the following assays.

The human nasal septum cartilage was populated with human chondrocytes and
incubated for 21 days. Figures 7 to 10 show histological stained cryo-cut sections
thereof.

Figure 7 shows haematoxylin-eosin (HE) stained cell nuclei. It shows an overview

of the whole approx. 3 mm long cut section of the product, prepared by the de-
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scribed process, with human chondrocytes (black nuclei) populated over the
whole tissue, and without zones of inhibition. It shows that the graft is not cyto-

toxic, the growth is not inhibited.

Figure 8 shows a detailed view of the same tissue. The dark stained cell nuclei
show the very good growth in the tissue and the immigration, wherever it is pos-
sible, of cells into lacunae (light grey) and bigger cavities, the latter formed by

cutting.

Figure 9 is a more detailed view of the population over the whole periphery and

the immigration of chondrocytes (dark stained nuclei) into lacunae (light grey).

Figure 10 shows alcian blue staining of glycosaminoglycans in the cryo-cut sec-
tion of the graft. The tissue is only slightly coloured, and nearly free of glycosa-
minoglycans. The dark blue (dark grey) stained edge of the tissue shows glycosa-
minoglycans. Human chondrocytes populated the surface and produced compo-
nents of new extracellular matrix within 21 days, visualized through the dark grey

stained glycosaminoglycans of the layer.

In further experiments, it was found that the process of example 2 is also highly
efficient for obtaining a highly pure meniscus and ear cartilage, whilst preserving
the natural three-dimensional collagen matrix. The method was also highly effi-

cient with porcine and bovine cartilage as a substrate.
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Claims

A method for preparing a highly pure collagen, comprising subjecting a sam-

ple comprising collagen to
at least one alkaline treatment step in an alkaline solution at a pH >12 and
at least one cleaning step with a solution of at least one chaotropic agent.

The method of claim 1, wherein the sample comprises a three-dimensional

collagen matrix.

The method of claim 1, wherein the three-dimensional collagen matrix of the

sample is preserved or essentially preserved in the product.

The method of any of the preceding claims, wherein the sample is selected
from meniscus, intervertebral (or spinal) discs, articular discs, face cartilage,
such as ear cartilage or nasal cartilage, rib cartilage, cruciate ligament and

Achilles tendon.

The method of any of the preceding claims, wherein the alkaline solution
comprises NaOH, KOH, Ca(OH),, CaO, Mg(OH); or LiOH.

The method of any of the preceding claims, wherein the chaotropic agent is a
guanidinium salt, a perchlorate, urea, MgClp, a thiocyanate, an iodide or a

barium salt.

The method of any of the preceding claims, further comprising at least one
defatting step with at least one solvent which is less polar than water, or with

a detergent solution.
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The method of claim 7, wherein the solvent is methanol, ethanol, propanol,
isopropanol, butanol, isobutanol, acetone or a mixture of any of these with

water, or wherein the detergent is Triton X-100.

The method of any of the preceding claims, further comprising at least one
inactivation step with an aqueous solution of peroxide, preferably hydrogen

peroxide.

The method of any of the preceding claims, wherein the method comprises

the steps of:

(a) at least one alkaline treatment step in an alkaline solution at a pH >12,

(b) at least one defatting step with at least one solvent which is less polar
than water, or with a detergent solution,

(c) at least one cleaning step with a solution comprising at least one cha-
otropic agent and

(d) optionally at least one inactivation step with an aqueous solution of a

peroxide.
The method of any of the preceding claims, wherein each of steps (a) to (d) is
followed by at least one washing step and/or wherein at least one washing

step is applied before step (a).

A highly pure collagen obtainable by a process of any of the preceding

claims.

A highly pure collagen implant comprising more than 99 percent (dry weight)

collagen.

A collagen implant comprising a highly pure collagen of claim 12 or 13.
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15. The use of the highly pure collagen of claim 12 or 13, or a part thereof, as a

collagen implant or for the preparation of a collagen implant and/or in recon-

structive surgery.
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