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(54) Title: METHOD AND COMPOSITION FOR REGENERATING TISSUE WITH THE AID OF STEM OR BONE MAR -
ROW CELLS

(34) Bezeichnung: VERFAHREN UND ZUSAMMENSETZUNG ZUR REGENERATION VON GEWEBE MIT HILFE VON
STAMM- ODER KNOCHENMARKZELLEN

(57) Abstract: The mvention relates to a novel polymerizable composition, comprising substantially blood or blood plasma, and
stem cells or cells of the bone marrow, and to a method for regenerating tissue with the aid of such compositions. Such mixtures
can polymerize into viscous gels under the intluence of endogenic or exogenic polymerization factors, such as thrombin, calcium
ions or cell detritus, said gels being very advantageous for the development and differentiation of the stem or bone marrow cells
into tissue-specific cells. Such polymers, comprising particularly also erythropoietin (EPO) or similarly acting growth factors, ex-
hibit excellent properties in the use thereof for tissue regeneration or the regeneration of bone defects.

(57) Zusammenfassung: Die Erfindung betrifft eine neuartige polymerisierbare Zusammensetzung bestehend im wesentlichen aus
Blut oder Blutplasma, sowie Stammzellen oder Zellen des Knochenmarks, sowie ein Verfahren zur Geweberegeneration mit Hilfe
solcher Zusammensetzungen. Derartige Mischungen kénnen unter dem Einfluss endogener oder exogener Polymerisierungstakto -
ren, wie Thrombin, Calcium-Ionen oder Zelldetritus zu viskosen Gelen polymerisieren, welche sehr vorteilhaft fiir die Entwick-
lung und Differenzierung der Stamm- bzw. Knochenmarkzellen zu gewebespezifischen Zellen sind. Derartige Polymerisate, die
msbesondere zuséatzlich Erythropoietin (EPO), oder ahnlich wirkende Wachstumstaktoren enthalten, zeigen hervorragende Eigen-
schaften bel ithrem Einsatz fiir Geweberegeneration oder bei der Regeneration von Knochendefekten.
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Method and composition for the regeneration of tissue with the aid of stem

cells or bone-marrow cells

The invention relates to a novel polymerisable composition comprising blood, blood platelets or
blood plasma, and also stem cells or bone-marrow cells, and optionally further cells from blood,
fatty tissue or a tissue which originates from or corresponds to the target tissue to be built up or

regenerated. Any desired target tissue can be produced in a targeted manner in a very short time

using this blood/stem-cell preparation.

In many injuries and diseases, defects exist in the body, which cannot repair them owing to an
evolutionary barrier. The aim of this invention is to allow a “master copy" to become teasible in
its production ability for the "engineering" of tissue and also to indicate a method by means of

which any desired target tissue can be produced.

Mixtures of this type are able to polymerise under the influence of endogenous or exogenous
polymerisation factors, such as thrombin, calcium ions or cell detritus, to give viscous gels,
which are very advantageous for the development and differentiation ot stem cells or bone-

marrow cells into tissue-specific cells.

Polymers of this type, which, in particular, additionally comprise erythropoietin (EPO), ana-
logues or derivatives of EPO (e.g. in carbamylated form) or peptide sequences of EPO and/or
thrombopoietin, or thrombin, exhibit excellent properties on use for tissue regeneration or in the

regeneration of bone defects. Alternatively, GM-CSF or G-CSF can also be used, alone or in

combination with EPO.

The invention furthermore relates to a method for the regeneration and genesis of tissue with the
aid of these polymers from blood components, stem cells/bone marrow and preferably factors

and substances which promote cell growth and cell differentiation, in particular EPO and bio-
logically active derivatives and/or fragments thereof, and GM-CSF or G-CSF, and optionally

vitamins, for example vitamin C, or hormones.
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Embryonic, neonatal (from the umbilical cord) and adult stem cells are regarded as carrying the
hopes for novel therapy forms with which the regeneration of destroyed tissues and organs is to
be made possible. These cells apparently really do have the potential for the repair of destroyed
tissue parts, but the underlying mechanisms and the practical applicability with respect to spe-

cific tissue are still the subject of controversial debate.

The term "stem cells" encompasses a heterogeneous group of cells which have at least the fol-
lowing two properties in common: stem cells are precursor cells of highly difterentiated cells.
After division of the stem cells, the daughter cells, according to expert opinion, can etther
become stem cells again or differentiate in a tissue-specific manner, e.g. into heart, nerve, skin or

muscle cells.

Stem cells first occur in early embryonic development. Even the fertilised egg cell (zygote)
represents an omnipotent stem cell, which passes through the early embryonic stages and from
which all tissue in the human body later forms. Thus, for example, stem cells of the embryonic
connective tissue (mesenchymal cells) develop into muscle cells under the influence of certain
growth factors during embryogenesis. The further the specialisation of the daughter cells ot a
stem cell progresses, the greater the range of possible differentiation into different tissue is

restricted.

By contrast, other stem cells, the so-called adult stem cells, play an important role throughout
life, in particular in tissue regeneration and repair. They maintain the ability of tissues and organs
to function by replenishing differentiated cells and replacing damaged or dead cells. For exam-

ple, stem cells from the bone marrow ensure the replenishment of short-lived blood cells.

Until recently, the prevailing opinion was that adult stem cells are able to produce not only cells
of the corresponding organ in which they are found, but also cells of other tissue or organs. For
example, the bone marrow has given rise not only to new blood cells, but also.cells of various

body tissues, such as bones, cartilages, tendons, muscles, liver.

However, the opinion that adult stem cells from the bone marrow can change into any desired

differentiated cell is disputed on the basis of recent results, which show that, in mesenchymal
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stem cells, such a potential for transdifferentiation is only rudimentary or only occurs with cer-
tain prerequisites: in many cases in which fully functional specialised tissue cells, e.g. skeletal
muscle cells, have actually been produced from mesenchymal stem cells, this has taken place
through fusion of the stem cells with cells present which have already fully differentiated.
Although experiments show that these cells express, €.g., a number of heart- and skeletal muscle-
specific genes if they have been cultivated together with certain growth factor-producing cells,
fully functional muscle cells ultimately were not found, although morphological changes were

observed in the cells.

Thus, it has hitherto not been possible to carry out stem-cell therapy in humans which results in
true regeneration of specific tissue in situ. For example, the transplantation of adult stem cells

into the heart results in increased angiogenesis, but apparently not in the development of heart-

muscle tissue.

Consequently, starting cells which have already correspondingly specialised or differentiated are
very often used in the regeneration of tissue. For example, matrices, such as, e.g., fibrin hetero-
logues, including of autologous origin, but also, e.g., rat-tail collagen, are used for the regenera-
tion of cartilage tissues in accordance with the prior art. Cartilage cells of articular origin are
usually introduced into these polymeric matrices. These are obtained after a biopsy from the
affected knee joint of a patient and colonised onto these matrices lege artis using €X-vivo expan-
sion methods. Alternatively, the cartilage cells can be cultivated directly in the alginate, fibrin or
collagen matrices of animal origin in a known manner and transplanted after a cultivation time of

a few weeks. Similar methods are also known for the production of other tissue-specific cells.

A disadvantage of these methods is that the extended precultivation times that are necessary
result in de-differentiation processes of the selected specific cells, which then take on undesired
properties. For example, misdirected cartilage-cell differentiation processes of this type favour

the formation of the undesired fibrotic cartilage instead of hyaline cartilage.

A further essential disadvantage of the usual methods to date consists in that the polymeric

matrices used today do not favour the re-formation and transformation of the tissue and trigger
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undesired cell activation. In addition, immunological incompatibilities not infrequently also arise

for the recipient.

The said disadvantages can now be avoided in accordance with the invention through the use ot
stem cells instead of differentiated cells, where stem cells are not incorporated, as usual to date,
directly into the target tissue to be regenerated, but instead by means of a matrix which essen-
tially consists of polymeric blood or blood plasma or polymerisable blood platelet concentrates
or preparations in which the stem cells or precursor cells thereof have been embedded before the

polymerisation.

Thus, it can be shown, surprisingly, that the use of polymers of this type, in particular containing
adult stem cells, based on blood, or cellular constituents thereof (red and white blood corpuscles,
blood platelets) or non-cellular constituents (proteins, lipids, sugars, etc.) produces significantly
higher yield and quality of the differentiated special cells obtained than the use of the known

methods as described above, including the methods which use tissue cells as starting cells.

Surprisingly, this effect can also be observed compared with corresponding blood preparations
which have not been polymerised in advance. Polymerised blood or blood plasma thus exerts a
very positive effect, in contrast to liquid blood samples, on the stem cells with respect to their

ability to differentiate into tissue-specific cells and to multiply in differentiated form.

In particular, the polymerisation promoters, such as thrombin, Ca++ or synthetic or biological
matrix fragments, such as, e.g., peptides which contain collagen sequences or also RDG
sequences, are responsible not only for the polymerisation, but also for the biological effect in

the 3D structure of the blood, the plasma structure, or the structure of the blood-platelet prepara-

tion after polymerisation.

The reason for this is that a series of growth factors which have a direct stimulating action for the
stem cells are thereby released. These include EGF, but also TGF beta. Besides these factors,
however, cell-membrane constituents, matrix constituents, cell-contents constituents and com-

plex mineral elements (Na, K, Cl, Mg, zinc) represent substance contamination which does not
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usually arise in normal synthetic materials. In addition, fibrin polymers are also unable to do

these jobs in view of the complexity of the micromedium.

It has furthermore been found in accordance with the invention that this effect of polymerised
blood arises, in particular, in the presence of factors which promote the release, multiplication or
differentiation of stem cells. These are not only the usual hormones, vitamins or growth factors
employed in stem-cell production methods, such as, for example, GM-CSF, G-CSF, but also,
surprisingly and particularly, also erythropoietin (EPO), analogues, carbamylated forms or also

peptide fragments thereof which contain sequences of the natural substances.

This is because it has been found in accordance with the invention that an artificial and strength-
ened wound medium is created in the 3D structure of the blood gel according to the invention in
combination with the stem cells or progenitors, which triggers a cascade reaction in relation to
the stem cells in combination with the oxygen deficiency which occurs under these conditions
and the local occurrence of released acute-phase cytokines, such as, e.g., interleukin-6 (1L-6),
interleukin.1 (IL-1) and tumour necrosis factor (TNF). The co-stimulation with EPO/derivatives
or analogues gives rise here to a significant permissive effect, which allows the actual ettector

cells (stem cells and progenitors) to translate into tissue difterentiation.

A further advantage of the gel structure and the conversion, inducible thereby; from a liquid (sol)
to a solidified (polymerised) gel structure lies in the modelling ability in a wound cavity or

wound defect and in the general suitability for topical application through the adhesive action of
the compounds. Stem cells can thus be introduced highly effectively into the vicinity of a wound

base, and defects can thus be filled in a simple manner.

The trauma situation can also be locally limited by this application cocktail according to the
invention in the case of chronic disease forms, such as, e.g., a transverse injury in the chronic
state, in which the local trauma situation has already subsided, or also in the case of cosmetic
interventions in the area of the skin for scar correction or for the construction of filling defects, 1n
breast reconstruction with repeated subcutaneous injections or also topically at intervals ot 3-4
days. This creates an ideal environment, in a microarea, for stem-cell stimulation for initiation of

location-specific tissue development. Due to the permeability of the 3D construct, hormonal and
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paracrine signals from the surrounding area may additionally act on the stem cells and stimulate

the latter.

In contrast to the natural situation in a wound, the combination of these factors triggers an aug-
mentation of the effects, which can cause accelerated wound healing of up to about 50%. A tur-
ther advantage of the gel structure, besides the autologous basis, is the full complementability
with synthetic components (BMPs, PDGF, EPO, GCSF, GM-CSF or synthetic matrix compo-

nents.

Blood polymers, bone-marrow polymers or blood-platelet concentrates which comprise stem
cells and preferably additionally EPO and/or GM-CSF or G-CSF, and which are introduced into
corresponding tissue or into corresponding (defective) bone structures, exhibit to a high degree

an increased ability to effect the generation of functional differentiated cells of the target tissue.

A further advantage becomes evident here, namely that, in the case of defect sizes or also defect
types which no longer alone enable restitutio ad integrum or restoration of the or ginal tissue,
filling materials which are similar to the target tissue and thus represent a quasi "master copy"
for the remodelling process of the stem cells activated in the application cocktail, can be incorpo-
rated here. The materials of the master copy can be, e.g., of a mineral nature for the bones or
dentin substitute in the case of teeth. Synthetic RGD analogues, collagen peptides (preterably
from animal collagens) can be admixed with the natural composition of the bone and brought to

gel polymerisation on site in the wound or defect.

The invention thus relates to a polymer comprising preferably autologous and-essentially human
or animal blood or blood constituents with all its degeneration constituents, such as cellular detri-
tus, which is distinguished by the fact that it comprises stem cells or bone-marrow cells and at
least one substance which effects or promotes or increases the release, multiplication or difter-

entiation of the stem cells or bone-marrow cells.

Corresponding substances which promote the growth and differentiation of stem cells are growth

hormones, such as HGH or cytokines, such as, e.g., interleukins, interferons, TNFa or G-CSFE or

GM-CSF.
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In particular, erythropoietin (EPO) or one of its biologically active analogues, derivatives or
fragments is suitable. Erythropoietin (EPO) is a glycoprotein hormone which controls the forma-
tion of the erythrocytes from precursor cells in the bone marrow (erythropoiesis). In the process,

EPO binds to its receptor (EPO-R), which is expressed in all haematopoietic cells.

In recent years, diverse authors have reported that EPO also exerts a non-haematopoietic action,
and the EPO-R is correspondingly also expressed by certain non-haematopoietic cells. Thus,
stimulation of nerve cells, neuronal cells of the brain and endothelial cells by EPO is reported, in

some cases associated with direct expression of the haematopoietic EPO receptor.

In other cases, the presence of a further, non-haematopoietic receptor is suggested. In particular,
the non-haematopoietic action of erythropoietin (EPO), which has not yet been known for very
long, in connection, for example, with the stimulated formation and regeneration of endothelial

and tissue cells is increasingly being regarded as important.

Thus, WO 2004/001023 describes, inter alia, the use of EPO and TPO for the stimulation of neo-
vascularisation and tissue regeneration and improvement in wound healing, e.g. after operations

Or Injuries.

WO 2005/063965 teaches the use of EPO for the targeted, structurally controlled regeneration of
traumatised tissue, in which not only is endothelial cell growth stimulated, but also parenchymal
regeneration and the formation of wall structures is promoted, meaning that coordinated three-
dimensional growth for the development of a functional tissue, organ or parts thereof takes place.
Erythropoietin, and EPO derivatives or also EPO mimetics thus appear to be suitable, on sys-
temic administration, for initiating and controlling the re-formation and regeneration of the
affected tissue in a targeted manner in the case of injuries to the skin, the mucous membrane, in
the case of open skin and flesh wounds or also in the case of skin irritation due to burns or

scalds, and ultimately for being able to promote and accelerate healing.

WO 2005/070450 and further papers by the inventors in question describes the use of EPO 1n the
regeneration of vessels and tissue with a weekly dose of less than 90 [U/kg of body weight, inter

alia also for the area of wound care. The aim of this is to achieve a situation in which blood for-
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mation in the bone-marrow area is stimulated less, but, according to more recent teaching, as
outlined, activation of endothelial cell progenitors in the blood area is possible. Activation of
endothelial cell precursor cells in the blood, but also in the tissue, and the development of endo-
thelial cells, which form the innermost cell layer of blood vessels, has been associated with an
improvement in vascularisation, and it is thought that tissue regeneration is thereby also facili-

tated. In the meantime, this has been confirmed in clinical trials for burn wounds.

It has now been found in accordance with the invention that the effect already promoted by blood
polymers on stem-cell development and differentiation can be increased further by about 10 —
50% if the corresponding polymers additionally comprise EPO, Where the EPO dose is between
50 and 500 1U/kg of body weight, preferably between 100 and 300 1U/kg of body weight. The
reason lies not only in the 3D structure made available, but also in the surprising synergistic
effects, which have to date been interpreted conversely in accordance with the prior art. Thus, 1t
is known that greater layer thicknesses cannot be achieved in tissue engineering since the oxygen
deficiency which arises limits tissue formation to a few microns of layer thicknesses (usually
100-500 um). In addition, high-purity cell populations are produced, which should not contain

any dead cells.

However, the totality of the combination represents a surprisingly positive effect for the stem
cells introduced into the blood polymer, where the polymerisation, the increased layer thick-
nesses, the cellular degradation of, e.g., the mononuclear cells and activation thereof under
ischaemic conditions promotes acute-phase reactions on the heterogeneous stem cells, which ini-
tiates an explosive trigger effect in combination, in particular, with EPO. If selective "copyable”
components of the extracellular medium are then also added, a true "remodelling" effect, which
results in de novo tissue formation, arises in accordance with the invention. This tissue formation

may also arise if the type and size of the defect would not facilitate healing alone.

The invention thus relates, in particular, to a blood polymer comprising stem cells or bone-
marrow cells, which additionally comprises erythropoietin (EPO) in a suitable dose. The use of
polymers of this type has the effect, depending on the tissue-specific application, that tissue

regeneration takes place 10 — 50% more quickly and in a qualitatively/functionally improved
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manner compared with the conventional methods, which are based on the use of tissue cells

which have already specialised.

The EPO-containing stem-cell polymers according to the invention based on preferably autolo-
gous blood or blood plasma or blood platelets may additionally comprise substances which pro-

mote growth and differentiation, in particular GM-CSF, G-CSF or TNFalpha.

In accordance with the invention, EPO and biologically active derivatives thereof in combination
with a polymerisation process of blood/bone marrow/blood-platelet concentrate, plasma, red
and/or white blood corpuscle fraction enables the survival and further development of stem cells
or precursor cells thereof as well as tissue-specific activation and, in the case of trauma, specific

regeneration of tissue.

The invention is based on the fundamental discovery that blood or blood plasma in combination
with stem cells adopts a viscous consistency, and the 3D structures apparently formed thereby
favour the development of the stem cells. The introduction of exogenous gel formers into the
liquid mixture of blood/blood plasma, stem cells, EPO, etc., may augment this effect further,
enabling the formation of gels or a polymer of different strength and having good processing
properties. Simple gel formers which are also very successful in accordance with the invention
have proven to be, for example, thrombin with and without calcium ions, or protamine, which

can be added to the still-liquid mixture.

Specific application methods can be used therefrom by, e.g., transferring the mixture comprising
stem cells in a syringe while still liquid into a single application cannula via forced mixing with a

2nd syringe containing the "master copys" and only polymerising the mixture at the site of appli-

cation.

An adequate polymerisation effect in the sense discussed above, which has a favourable effect on
the development of stem cells or precursor cells thereof, is also obtained by addition of cell detri-
tus to the mixture to be polymerised. Cell detritus is formed by from cell-containing samples by
the death of cells, such as mononuclear cells, red and white blood corpuscles (leucocytes), blood

leaflets or stem cells, precursor cells, fibroblasts, endothelial cells, connective-tissue cells,
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cartilage cells and macrophages, owing to deficient supply, with substances which have advanta-
seous properties for the polymerisation or the quality of the polymer advantageously being
released. Thus, calcium ions are also released endogenously, making addition of exogenous cal-
cium entirely or partly superfluous. Cell detritus of autologous origin is advantageously added to

the mixtures to be polymerised.

The invention thus also relates to a corresponding blood-containing polymer which comprises

endogenous or exogenous substances which promote fixable and conformative structures of the
stem cells and thus development thereof. Substances of this type can be thrombin, calcium 1ons,
cell detritus of various types of cell, preferably of autologous cells, biological collagens or trag-
ments thereof, constituents of the extracellular matrix, fibrin, fibrin adhesives or other gel-form-

Ing substances.

The polymerisation may alternatively or additionally be effected by other natural or synthetic
polymer formers, such as, for example, gel-forming swellable polysaccharides, such as hydroxy-
alkycelluloses and/or caboxyalkylcelluloses, or synthetic polymer formers based on acrylates,
such as, e.g., (poly)methacrylate, (poly)methyl methacrylate, polyacrylamide, (poly)ethoxyethyl

methacrylate.

It has furthermore been found that the addition of lyophilised blood to the mixture to be polym-
erised improves or augments the polymerisation stability of the polymer and the property thereof
in relation to its tissue-regenerating effect. In addition, tacky proteins based on the scallop 1n
native or synthetic form can be admixed. It is likewise possible to add serotonins, which not only

stimulate neuronal progenitors, but also support an adhesive action.

With the aid of thrombin, calcium ions and/or cell detritus and/or other suitable gel formers
and/or lyophilised blood, a number of possibilities are available for varying and moditying the
polymerisation properties of the mixture comprising blood/blood plasma and stem cells and

thereby surprisingly influencing stem-cell development and differentiation.

In accordance with the invention, the stem cells need not be isolated separately. It is also sutti-

cient to use bone marrow from an individual directly and to mix this with preferably autologous
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blood or blood plasma, to concentrate this, if necessary, with respect to the cellular components
by centrifugation, filtration or sedimentation and to add thrombin, calcium ions and/or cell detr-
itus, matrices (minerals, peptides, sugars, lipids and combinations thereof) and preferably EPO,
and to bring the mixture to gel formation. A gel of this type can be employed directly for a very

wide variety of applications.

Thus, the invention relates to a corresponding polymer which can be employed in vivo for the

regeneration of tissue or bone, in particular of traumatised tissue and/or inter alia bone.

[n particular, the invention relates to the use of a corresponding polymer for the regeneration ot
traumatised tissues or bone structures, where the polymer is intended to be, introduced into the

affected traumatised area or into its immediate vicinity, or used for filling defects.

It has been found that such a polymer according to the invention can particularly advantageously
be employed in combination with bone substitute materials in the case of bone defects. In this
case, the mixture just before onset of polymerisation and the still not fully polymerised bone sub-
stitute material can be introduced simultaneously into the bone defect and mixed there in order to
polymerise thereafter. This is particularly advantageous for, e.g., nanocrystalline hydroxylapatite
or other nanocrystalline mineral or biological material (proteins, peptides, lipids, sugars, plas-
tics), which is either in dry or hydrogenated form. Due to this pulverulent or pasty material prop-
erty, the ability to be colonised by stem cells is restricted or even to the disadvantage of the bio-
logical materials. Thus, it has been found that material of this type (e.g. "Ostim") cannot be colo-

nised.

It is nevertheless and surprisingly possible in accordance with the invention to achieve a high

stem-cell density in the nanocrystalline material regarded as uncolonisable.

After an in-vivo implantation, this results in an acceleration of bone development by about 50%

even without the addition of EPO. On additional introduction of EPO in topical form, the devel-
opment of bone can be additionally accelerated by 10-20%. Alternatively, EPO, derivatives
thereof, or peptide fragments can also be added to the scaffold material as a powder. This has the

advantage of better storage ability.
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Alternatively, e.g. on use of two application containers in the form of syringes, the EPO can be

prepared in lyophilised form in the syringe, which accommodates the blood, bone-marrow stem-
cell mixture. Furthermore, matrix (scaffold) components of autologous origin (lyophilised blood
or plasma, fibrin, thrombin) and of synthetic origin (peptide fragments of matrix proteins, selt-

aggregating peptide structures (RADA), phosphatidylcholine, sphingolipids, lecithin, HDL (high
density lipoproteins), and glucose, glucosamines, glucosamine sulphates, hyaluronic acid, chito-
san, silk proteins, adhesive proteins from the scallop, collagens and fragments thereof, as well as

peptides may likewise be present on this side (syringe 2).

This application method enables the stem cells to be distributed optimally and a heterogeneous
"scaffold" structure, into which bone tissue is able to grow directly from the outside via entry
pathways and can replace the latter successively, to be obtained within the, €.g., bone substitute
matrix. The interconnecting porosities thereby formed are thus permeated ab initio with stem
cells in gelatinous structures. This creates optimum growth conditions in spite of very large layer

thicknesses.

Contrary to the conventional teaching, the addition of EPO, GM-CSF or G-CSF, but in particular
EPO, in this situation results in particularly efficient stimulation of stem cells or progenitors in
optimised media. This makes it possible to omit corresponding expansion methods of progenitors
outside the application site (practice, operating theatre) and to carry out stem-cell therapy at the
same time as the actual surgical intervention (intra-operatively). This has significant regulatory
and economic advantages (cost reduction) and means a minimisation of risk and a significant

improvement in quality.

In the case of particularly large defects, however, pre-expansion in the stem-cell gel may be
advantageous. In accordance with the invention, however, this cultivation can then take place
immediately in the 3D blood gel or plasma gel. For this purpose, the polymerisation can also be
initiated in vitro in order to create the wound medium in vitro which to initiate the ideal growth
conditions for the stem cells/progenitors in a paracrine stimulation medium with oxygen defi-
ciency owing to the increased layer thicknesses from a thickness of several millimetres to a

thickness of several centimetres in diameter. In the case of the intra-operative variant, even a few
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seconds to a few minutes are sufficient to initiate the requisite stimulation processes of the stem

cells simultaneously (IL-6, EPO, GM-CSF, G-CSF, matrix).

The invention thus relates to the use of a polymer in this respect in combination with a bone sub-
stitute material, in particular for the regeneration and reconstruction of defective, traumatised or

diseased bone structures or bone tissues in vitro, in vivo or €x Vivo.

The mineral components of the bone substitute material should be suitable here for supporting
the filling of the bone defect. Suitable bone substitute materials which may be mentioned are, for

example, hydroxylapatite, tricalcium phosphate and the like.

The polymers according to the invention are suitable for an extremely wide variety of medical
uses in which tissue or bone defects have arisen due to traumatisation or disease. In particular,
they can also be employed in the dental area in the case of tooth and jaw defects, but also in the

topical area in the case of injuries to the skin or mucous membrane.

The invention furthermore relates to a method for the preparation of a corresponding polymer
comprising human or animal blood as well as human or animal stem cells or bone-marrow cells,
in which said components are mixed with one another in the liquid state, and this mixture 1s
polymerised or solidified by means of a gel former, in particular by addition of calcium ions,
thrombin, fibrin or constituents of the extracellular matrix of biological origin or cell detritus and
optionally additionally lyophilised blood, where, in a particular embodiment, one or more sub-
stances which effects or promotes the release, multiplication or differentiation of the stem cells

or bone-marrow cells are added to the liquid mixture before polymerisation.

The invention furthermore relates to a method for the regeneration of tissue or bone structures In

vitro or €x vivo, comprising the following steps:

(1) provision of isolated stem cells or bone marrow

(ii) introduction of the said cells into a blood, blood-platelet or blood-plasma sample

(ii1) polymerisation of the sample from (i1) and

(iv) cultivation of the cells in a suitable medium which initiates and/or promotes the growth and

differentiation of the cells into the desired tissue.
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The invention additionally relates to a method for the regeneration of tissue or bone structures,
comprising the following steps:

(i) provision of isolated stem cells or bone marrow

(i) introduction of the said cells into a blood or blood-plasma sample or direct use of bone mar-
row and mixing with EPO, GCSF, GM-CSF

(iii) polymerisation of the sample from (ii) with, e.g., Ca++ or prothrombin, protamine and
optionally with further factors, such as “copying materials” and differentiation factors of syn-
thetic or natural origin.

(iv) introduction of the sample directly into the injured, diseased, defective of degenerated region

of the body..

The above-mentioned differentiation factors can be TGFbeta or parathormone (cartilage forma-

tion), or vitamin C (for induction of neuronal sprouting).

As an important addition for improving "tissue engineering", fragments or particles of the target

tissue are also integrated. These ideally have a thickness of about 100-200 pm and a diameter of

about 200-300 um. Larger or smaller fragments are possible. The comminution is ideally carried
out using a scalpel or sharp knife. The advantage is that this preparation process only takes very

little time. This entire process can therefore be carried out in a preferred form at the same time as

the actual operation.

As an alternative to the complete mixture of the cells present in bone marrow, 1t would also be

possible to employ isolated stem cells or progenitor populations, such as CD31, CD71I and

CD134, and CD90-positive cells.

[n particular, the subject-matter is methods in vivo, in vitro and ex vivo in which the polymerisa-
tion of the blood or blood-plasma sample is carried out by addition of calcium ions and/or a natu-

ral or synthetic gel-forming substance, and/or cell detritus.

The subject-matter is furthermore methods in vivo, in vitro and ex vivo in which growth factors

and/or hormones and/or substances which promote growth or differentiation and/or cells are
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added, in particular selected from the group consisting of EPO, GM-CSF, G-CSF, GH, connec-

tive-tissue cells, fibroblasts, macrophages, cell detritus.

The following examples are intended to explain the invention further without restricting it. In
particular, the specific method steps, method parameters, substances, tissue samples and applica-
tions mentioned are non-limiting and may be replaced by other method steps, method parame-
ters, substances, tissue samples and applications with the same action if the person skilled in the

art readily sees a reason for this.

Example 1:

Therapy of nerve injury, in particular transverse injuries.

For acute transverse injuries, decompression of the affected nerve area must be carried out.

In accordance with the invention, erythropoietin is added here in combination with bone marrow

and blood and applied to the wound area like an ointment or gel.
[deally, the gel has a layer thickness of about 1-2 mm and contains about 100,000 cells.

In the case of relatively large defects in the spinal canal, the bone marrow can be mixed with
lyophilised blood or alternatively with a comminuted collagen sponge. This promotes the forma-
tion of a relatively large mass and a guide structure. A blood-platelet concentrate in native or

freeze-dried form can likewise be added to this mass. At the same time, vitamin C (10-20 mg) is

added to the whole.

Example 2:

Bone development in combination with minerals

One of the essential advantages of the invention is that finished products, such as, e.g., bone sub-
stitute materials in aqueous solution, which are essentially uncolonisable, can nevertheless be

provided with stem cells in a very effective manner.
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To this end, the conventional bone substitute material is used in a first syringe and the blood/
stem-cell mixture, with and without EPO, with or without calcium ions, cell detritus, etc., is used
in a second syringe in a tandem syringe system. In detail, a lyophilisate of EPO (e.g. 10,000 1U
for a person weighing 70 kg), additionally Ca++ (1 mg in crystalline form or 1 mol/l) is placed in
an empty syringe. 1 — 2 ml of bone marrow and in addition 1 ml of blood-platelet concentrate are
sucked into this syringe. The mixture in this second syringe is then applied to a bone defect in
parallel at the same time as the still-deformable bone substitute material in the first syringe via a
forced mixing screw from the tandem syringe system and mixed and brought to polymerisation

on site.

The second syringe may additionally contain synthetic or biological collagens or fragments
thereof, constituents of extracellular matrix, or other substances, such as, e.g., RGD peptides. In
addition, BMP or blood platelets or blood concentrates in lyophilised or native form may be

admixed as concentrate.

Example 3:

Filling of a bone cyst.

For the preparation of a pasty and flexible mass for filling cavities, the following procedure is
followed: about 10 m! of bone marrow are introduced into a tube/syringe containing lyophilised
erythropoietin, lyophilised blood plasma and nanocrystalline hydroxylapatite or tricalcium phos-

phate.

Within a short time, a highly pasty, tacky mass forms, which is introduced into the defect area of

the bone using a spatula or via a cannula.

Furthermore, synthetic components of the extracellular matrix, such as fibronectin or collagens,
are added, causing growth zones for the integration of the cellular systems to form or improve

more quickly.
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Example 4.

Regeneration of heart muscle tissue.

About 500 ml of peripheral blood is taken and centrifuged at 50g for 5 min. The supernatant 1s
then centrifuged again at 800g for 5 min, and the pellet is combined with the previous pellet. All
cells obtained in this way from the peripheral blood are taken up in a syringe which [lacuna]
250 units/kg of body weight of EPO, and the stem cells are ready for implantation after an
incubation time of 5 min and activation of the EPO receptors. Alternatively or in combination,

5-10 ml of bone marrow can be introduced into the syringe with the lyophilised EPO.

An analogous procedure is followed in order to apply stem cells to the injured area after muscle

fibre tears. About 1-2 ml per injection site are used for this purpose.

Example S:

Regeneration of mammary gland tissue:

Centrifuged-off bone marrow is added to 2-3 ml of fatty tissue from the knee-joint area and
applied topically with 250 units/kg/body weight. After an incubation time of about 10 sec to
5 min, the stem cells are ready for injection. The injection solution may comprise lyophilised
thrombin and Ca++. The stem-cell mixture is employed analogously for use for the development
of subcutaneous fatty tissue and for wrinkle reduction and rejuvenation of the skin. After cen-
trifugation, thrombin and/or Cat++ are added to the stem cells from the bone marrow (from

10 ml) or peripheral blood (from 100 ml), which are administered subcutaneously in a volume ot

about 500 ul per injection site. This procedure can be repeated every 3-4 days or weekly.

Example 6:

Regeneration of intervertebral discs

In the case of acute or chronic intervertebral disc injuries, decompression of the attected nerve
area must be carried out. In the case of resection of a sequester, this nerve area 1s decompressed.

Extremely small tissue fragments are produced from this sequester material by mechanical com-
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minution. The bone marrow (2 ml), either in native or concentrated form, is added thereto

(+ 0.5 ml), and at the same time lyophilised EPO, GM-CSF or G-CSF 1n lyophilised form 1s

added in accordance with the usual dosage recommendations in relation to the body weight.
However, the administration here is not systemic, but instead preferably topical. 1-2 ml ot blood-

platelet concentrate, preferably in lyophilised form, can be added to the entire mixture.

In accordance with the invention, erythropoietin is added here in combination with bone marrow

and/or blood and injected onto the intervertebral disc area like a gel by means of a sterile syringe.
The gel ideally contains about 100,000 — 1,000,000 cells, but more or fewer is possible.

In the case of relatively large defects in the intervertebral disc area, the bone marrow can be
mixed with lyophilised blood or alternatively with a comminuted collagen sponge. This pro-
motes the formation of a relatively large mass and a guide structure. A blood-platelet concentrate

in native or freeze-dried form can likewise be added to this mass. At the same time, vitamin C

(10-20 mg) i1s added to the whole.

Example 7:

Regeneration of cartilage tissue

In the case of acute or chronic cartilage injuries and arthroses, the polymer is introduced into a
slightly opened joint region by means of a soft, e.g. silicone, tube just before solidification, so
that the polymerisation can take place on site. In the case of resection of sequesters, they can be

converted into extremely small tissue fragments by mechanical comminution. The bone marrow

(2 ml), either in native or concentrated form, is added thereto (= 0.5 ml), and at the same time
lyophilised EPO, GM-CSF or G-CSF in lyophilised form is added in accordance with the usual
dosage recommendations in relation to the body weight. However, the administration here is not
systemic, but instead preferably topical. 1-2 ml of blood-platelet concentrate, preterably in

lyophilised form, can be added to the entire mixture.

In accordance with the invention, erythropoietin is added here in combination with bone marrow

and/or blood and injected onto the intervertebral disc area like a gel by means of a sterile syringe.
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The gel ideally contains about 100,000 — 1,000,000 cells, but more or fewer is possible.

In the case of relatively large defects in the cartilage area, the bone marrow can be mixed with
lyophilised blood or alternatively with a comminuted collagen sponge. This promotes the forma-
tion of a relatively large mass and a guide structure. A blood-platelet concentrate in native or
freeze-dried form can likewise be added to this mass. At the same time, vitamin C (10-20 mg) 1s
added to the whole. This also enables very large joint areas to be supplied. In the upper joint
areas towards the joint gap, the blood-platelet concentrate is increasingly employed in a layered

manner. In certain cases, TGFbeta and/or parathormone can be employed in order to promote

~ cartilage formation.

Example 8:

Regeneration of tendon tissue and meniscus

[n the case of injured tendon tissue (e.g. Achilles tendon in humans and horses) or meniscus,
concentrated bone marrow to which EPO and GCSF or GM-CSF have been added 1s injected
into the injured area. Dehiscences are ideally approximated in the usual manner by means of a
seam. Tissue fragments are produced from torn-off regions, introduced into the polymerisation

gel and re-injected therewith into and around the dehiscence area.

The regeneration of inner ear ossicles or of the retina is carried out analogously.

Example 9:

Improvement of implant surfaces in order to prevent capsular fibroses in breast prostheses:

One of the major problems in the implantation of breast prostheses is that capsular fibrosis
develops around the implant. In accordance with the invention, a microstructure is applied to the

implant surface, which enables an ingrowth behaviour of stem cells on these surtaces. This
microstructure has cavities having a lower diameter of ideally 4-5 pm and a diameter for larger
cavities of 25-250 um. This cavity structure can ideally be connected to connecting channel
structures, which enable the self-organisation of a vascular bed. Direct colonisation by bone mar-

row is carried out in the cavities, ideally after fresh removal from the bone marrow. In order to
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concentrate the cells, centrifugation at about 30-50 g can facilitate gentle enrichment. In order to

initiate polymerisation and re-formation of tissue, thrombin is added.

The cells from the bone marrow mixed with blood are brought to gel formation and polymerisa-
tion in the microstructures by addition of thrombin. The thrombin mixture/stem-cell mixture in
combination with blood has a particularly regeneration-friendly action. In combination with the
regional wound area at the implantation site, this triggers growth processes which result in
approximately 50% reduced fibrosis. In combination with the advantageously topical application
of erythropoietin, a regional stimulation effect arises, which results in direct activation ot intro-
duced and also local progenitors. These include adipogenic and gland progenitors. The surface
markers are CD 90, SCA1, CD 71 are found on these progenitors. Capsular fibrosis also plays an
important role, complicating the course of healing, in the implantation of meshes after hernias or

in the closure of stomach-wall detfects.

Further implants microstructured surfaces are provided analogously with the stem-cell blood gel,

with or without EPO/derivatives/analogues, which polymerises on site,.

The treatment of hip prostheses or other joint prostheses is carried out analogously.

Example 10:

Dental implants:
The regeneration of dentin after root treatment can be achieved in accordance with the invention
by the introduction of a nanostructured stem-cell blood gel comprising hydroxylapatite or tri-

calcium phosphate, with or without EPO and also with or without stem cells. The granule size or
mineral size here is ideally 5-100 um, where upward enlargements mean impairments in the flow

properties in the drill channel.

Example 11:

Other implants can be treated analogously as described in the examples mentioned above, such
as, e.g.: cardiac pacemakers, stomach-wall meshes, tracheal replacement, vascular replacement,

or heart-valve replacement.
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Example 12:

Regeneration of burn wounds, decubitus or diabetic ulcer, infected wounds

In the case of acute or chronic skin injuries, a stem-cell gel is prepared as follows and positioned

topically after cleaning of the wound base.

Extremely small skin fragments are produced as described in principle above by mechanical

comminution from areas of uninjured skin. The bone marrow (2 ml), either in native or concen-

trated form, is added thereto (£ 0.5 ml), and at the same time lyophilised EPO, GM-CSF or
G-CSF is added in accordance with the usual dosage recommendations 1n relation to the body
weight. However, the administration here is not systemic, but instead preferably topical. 1-2 ml

of blood-platelet concentrate, preferably in lyophilised form, can be added to the entire mixture.

In accordance with the invention, erythropoietin is added here in combination with bone marrow
and/or blood and applied to the wound area like a gel by means of a sterile syringe or a spatula.

The gel 1deally contains about 100,000 - 1,000,000 cells/10 cm”, but more or fewer is possible.

In the case of relatively large defects, the bone marrow can be mixed with lyophilised blood or
alternatively with a comminuted collagen sponge. This promotes the formation of a relatively
large mass and a guide structure. A blood-platelet concentrate in native or freeze-dried form can

likewise be added to this mass. At the same time, vitamin C (10-20 mg) 1s added to the whole
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Polymer comprising human or animal blood, blood plasma or blood-platelet concentrate,
characterised in that it comprises stem cells or bone-marrow cells and at least one substance

which effects or promotes the release, multiplication or differentiation of the stem cells or

bone-marrow cells.

Polymer according to Claim 1, characterised in that the promoting substance is a growth fac-

tor, a hormone or a cytokine.

Polymer according to Claim 2, characterised in the promoting substance is erythropoietin

(EPO), GM-CSF, G-CSF or a biologically active derivative or fragment thereof.

Polymer according to Claim 3, characterised in that the promoting substance 1s EPO or a

correspondingly biologically active derivative or fragment thereof..

Polymer according to one of Claims | — 4, characterised in that it additionally comprises

lyophilised blood or blood plasma.

Polymer according to one of Claims 1 — 5, characterised in that it additionally comprises a

natural or synthetic polymer and/or calcium ions and/or thrombin and/or protamine.

Polymer according to Claim 6, characterised in that the polymer is fibrin or an adhesive

based on fibrin.

Polymer according to one of Claims 1 — 7, characterised in that autologous stem cells or

bone-marrow cells are employed.

Polymer according to one of Claims 1 — 8, characterised in that it comprises cell detritus
and/or further autologous or heterologous cells from the target tissue, selected from the
group consisting of fibroblasts, endothelial cells, connective-tissue cells, cartilage cells and

macrophages.
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10. Polymer according to one of Claims 1 — 9 for the regeneration of tissue or bone, in particular

H.

12.

13.

[4.

13.

16.

7.

18.

traumatised tissue/bone in vivo.

Use of a polymer according to one of Claims 1 — 10 for the preparation of a medicament for

the regeneration of tissue, in particular traumatised tissue or traumatised bone structures.

Use according to Claim 11 for the topical treatment of injured skin.

Use according to Claim 11 for the regeneration of traumatised tissues or bone structures,
where the polymer is intended to be introduced into the affected traumatised area or into its

immediate vicinity.

Use according to Claim 13, characterised in that a bone substitute material is additionally

applied.

Use ot a polymer according to one of Claims 1 — 9 for the regeneration of tissue, in particu-

lar traumatised tissue or traumatised or defective bone structures in vitro or ex vivo.

Use according to Claim 15 for the regeneration of bone defects with addition of mineral

components which support the filling of the bone defect.

Method for the regeneration of tissue or bone structures in vitro or ex vivo, comprising the
tfollowing steps:
(1) provision of isolated stem cells or bone-marrow cells

(1) introduction of the said cells into a blood or blood-plasma sample or of a blood-platelet

concentrate
(111) polymerisation of the sample from (ii)
(1v) cultivation of the cells in a suitable medium which initiates and/or promotes the growth

and differentiation of the cells into the desired tissue.

Method according to Claim 17, characterised in that the polymerisation of the blood or
blood-plasma sample or of the blood-platelet concentrate is carried out by addition of cal-

ctum jons and/or a natural or synthetic gel-forming substance and/or cell detritus and/or

thrombin.
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9. Method according to Claim 17 or 18, characterised in that lyophilised blood or blood plasma

1S added.

. Method according to one of Claims 17 — 19, characterised in that growth factors and/or hor-
mones and/or substances which promote growth or differentiation and/or cells from the tar-

get tissue are added.

. Method according to Claim 20, characterised in that one or more of the substances, factors
or cells selected from the group consisting of EPO, GM-CSF, G-CSF, GH, connective-tissue

cells, fibroblasts, macrophages, cell detritus is added.

. Method tor the preparation of a polymer comprising human or animal blood, blood plasma
or blood leaflets as well as human or animal stem cells or bone-marrow cells, characterised
In that said components are mixed with one another in the liquid state, and this mixture is

polymerised by means of a gel former, in particular by addition of calcium ions, thrombin,

fibrin or constituents of the extracellular matrix of biological origin.
. Method according to Claim 22, characterised in that lyophilised blood is additionally added.

. Method according to Claim 22 or 23, characterised in that one or more substances which
etfects or promotes the release, multiplication or differentiation of the stem cells or bone-

marrow cells are added to the liquid mixture before polymerisation.
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