In vitro nethod for the diagnosis of cardiovascular functionality of bone
marr ow precursor cells (BMPs) and/or bl ood-derived circul ati ng precursor
cells (BDPs) The present invention relates to an in vitro nethod for the
anal ysis of a sanple froma mam nal in connection wth cardiovascul ar

di seases, wherein the nethod conprises the followng steps: a) isolating
of bone marrow precursor cells (BMPs) and/or bl ood-derived circulating
precursor cell's (BDPs) by means of cell specific surface markers, and b)
detecting the cardi o- vascular functionality of the isolated BMPs and/ or
BDPs by nmeans of a suitable mgration assay. The nethod according to the
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af t er sampRasslioblained, @nd c) detecting the cardiovascular functionality of the isolated BMP
and/or BDP by means of a suitable migration assay. According to the invention, these BMPs
and/or BDPs can be used for the treatment of cardiovascular diseases, selected from the group
consisting of stable coronary heart disease, acute coronary syndrome, acute myocardial infarc-
tion, chronic ischemic cardiomyopathy (ICMP), dilatative cardiomyopathy (DCM) or other

causes for a heart insufficiency, and can be inter alia present in a pharmaceutical composi-

tion.

Post-infarction heart failure remains a major cause of morbidity and mortality. Although an
immediate reperfusion of the occluded artery leads to significantly reduced mortality rates
(Lange RA, Hillis LD. Reperfusion therapy in acute myocardial infarction. N Engl ] Med.
2002:346:954-5.), ventricular remodelling-processes that are characterized by the progressive
expansion of the area of infarction and the dilatation of the left ventricular cavity lead to the
development of cardiac failure in a measurable fraction of the patients, that survived an acute

myocardial infarction (Pfeffer MA, Braunwald E. Ventricular remodeling after myocardial



S infarction. Experinental observations and clinical inplications.
Circulation. 1990:81:1161 - 72.). The&main goal in order to revert a
renodel | i ng woul d be the stimulation of the neovascu- |larisation as well
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tients with acute myocardial infarction is possible and safe, and is associated with significant
improvements in the regional and global LV (left ventricular) function. Nevertheless, the par-
‘ ticular circumstances of the improvement by the infusion remained unclear. Additionally, for
a targeted and effective cell therapy with bone marrow-stem-/precursor cells it is required to
ensure that bone marrow-precursor cells (BMPs) and/or blood-derived circulating precursor
cells (BDPs) are transplanted that exhibit the highest possible capacity for regeneration, and

therefore effectiveness.

It is therefore an object of the present invention to provide an improved method for the diag-
nosis and/or the prognosis of cardiovascular diseases, for monitoring of their therapies and/or
for a stratification for a prospective cell therapy on the basis of bone marrow-precursor cells
(BMPs) and/or blood-derived circulating precursor cells (BDPs) for increasing the perfusion

of ischemic tissue or for a regeneration of tissue losses in, e. g., cardiac insufficiency.



of ischemc tissue or for a regeneration of tissue losses in, e. g.,
cardiac insufficiency. -3 0 It is a fiwther object of the present
invention to provide a safe nmethod by which bone marrow precursor cells
(BMPs) and/or bl ood-derived circulating precursor cells (BDPs) can be
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i nvention. According to a first aspect of the present invention, one
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a suitable mgration assay. Surprisingly, it could now be found that a
rel ation exists between the capacity for neovascu- l|arisation and the
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culating precursor cells (BDPs), to migrate. This allows for the use of a migration assay as a
valuable tool for analysing a sample from a mammal in connection with cardiovascular dis-
€ases.

‘ Furthermore, it could now surprisingly be found that in the bone marrow of some donors
and/or heart attack patients presumably a dysfunction can be present, whereby those cells that
can be taken directly from the bone marrow (BMPs, for example, by punctuation) are limited
in their function to be able to form new vessels, and to support the regeneration of the heart.
By the assay according to the invention, those donors can be effectively excluded, and at the
same time patients with a higher risk can be identified that have a inferior capacity for ne-
ovascularisation. Then, these patients can be suitably treated and, in particular, be treated in a
preventive and/or supporting manner. Alternatively, by these assays also patients can be iden-

tified that that would have a higher benefit from a precursor-therapy.



-4 In the context of the present invention, both above indicated
characteristics of BMPs and/or BDPs-4re understood as "cardi ovascul ar
functionality". Vasa et al. (Vasa M et al., Crc Res 2001 Jul 6;
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activity of the EPCs could contribute to a reduced neovascularisation in patients with CAD.

Nevertheless, the possibility of a stratification of patients on the basis of an analysis of bone
‘ marrow-precursor-cells (BMPs) and/or blood-derived circulating precursor-cells (BDPs) is

not mentioned.

Furthermore, Vasa et al. (Vasa M. et al., Circulation, 2001 Jun 19;103(24):2885-90) describe
an increase of circulating endothelial-precursor-cells (EPCs) by statin-therapy in patients with
stable CAD. Thereby, the neovascularisation by EPCs is supported by statins. The functional
activity of the EPCs is detected using a migratory assay. Nevertheless, the possibility of a
stratification of patients on the basis of an analysis of bone marrow-precursor-cells (BMPs)

and/or blood-derived circulating precursor-cells (BDPs) is also not mentioned.

Emerson et al. {(in Circulation 2003, 107, 2294-2302) describe that pluripotent stem cells are

able to differentiate into cardiomyocytes and endothelial cells. Thus, they can improve the



Emerson et al. (in Crculation 2003, 107, 2294-2302) descri be that
pluripotent stemcells are able to d§fferentiate into cardi onyocytes and
endothelial cells. Thus, they can inprove the -5 6 heart function and
perfusion in ischem c heart diseases. It is therefore exam ned, whether
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rats. For this, the publication describes a
cularisation and to differentiate into mature endothelial cells. It is therefore examined whether

the transplantation of precursor-cells directly into the heart muscle promotes the neovasculari-
‘ sation in ischemic tissue. The infusion of autologous precursor-cells directly into the heart
muscle increased the neovascularisation in pig-ischemia-models. Furthermore, human precur-

sor-cells were heterologously infunded into the ischemic heart region of rats. For this, human

mononuclear CD34" peripheral blood cells as EPC-enriched cellular fraction are used.

Aicher et al. (Circulation 2003, 107, 2134-2139) describe the colonization of radioactively
labelled EPCs in different tissues after infusion into rats. For this, the publication describes a

system, wherein human EPCs that are derived from healthy donors, are xeno-transplanted into

rats, in which prior an infarction was operatively induced or into control animals without in-
farction. The isolation of the EPCs is not disclosed, and the classification as CD34" peripheral

blood cells is not mentioned. The cells are cultured, i.e. expanded, and subsequently radioac-

Il

tively labelled with *" indiumoxine in order to be able to examine the allocation of the EPCs



system wherein human EPCs that are derived from healthy donors, are
xeno-transplanted into rats, in whi-dh-prior an infarction was
operatively induced or into control animals without in- farction. The
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generally describe the effect of statins on endothelial cells. Preferred
I's a nmethod accordi ngéto the invention that furthernore conprises the
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precursor cells. Further prefierably, 1 n case of the wthdrawal of bl ood,
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Preferred is a method according to the invention wherein the sample to be examined is de-
‘ rived from a human. Thereby, the sample to be examined can be selected from the group con-
sisting of bone marrow, peripheral blood or fractions thereof, and cell culture-suspensions or
fractions thereof. The selection of the individual sample depends from the kind of the precur-
sor cells to be examined and the method for determining the characteristics of the precursor
cells. Further preferably, in case of the withdrawal of blood, a coagulation inhibitor, in par-
ticular Heparin or EDTA, is added to the peripheral blood. This facilitates additional process-
ing steps. In a further aspect of the present invention the sample to be examined is obtained
from the bone marrow by means of punctuation. This withdrawal represents the basis for ob-
taining BMP. The further processing according to the invention can comprise an isolation by
using density-gradient-centrifugation and/or immunological methods, €.g. immuno magnetic
methods, in particular by using FACS. Thereby, according to the invention it is further pre-
ferred that the selected specific surface marker for BMP is selected from CD34, CD45, and/or
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A prerequisite for the success of a cell therapy is the so-called “homing”, that is, the targeted
migration of cells for colonisation in desired target regions, in particular, if an intravascular
route of administration is chosen. It was therefore assumed by the inventors that the migratory
‘ capacity of adult precursor cells in the direction of their physiological chemo-attractants could
reflect their ability, to migrate into the area of infarction. Indeed, the migration of transplanted
cells into the affected tissue and the improvement of the neovascularisation that was induced
by the intravenous infusion of human precursor cells, tightly correlates with the SDF-1-
induced migratory capacity for BMP and the VEGF-induced migratory capacity for BDP.
Nevertheless, these were yet unproven assumptions that were only confirmed in experiments
performed the context of the present invention. Is was furthermore unexpected that this migra-
tory capacity is so well-suited as independent predictive factor that diagnostics that are based
thereon would provide an improvement in the treatment of CAD. In summary, the improve-
ment of the local contractile myocardial function associated with the functional activity of the
infunded precursor-cells discloses a causal relation between the migratory capacity of precur-

sor-cells and the success of a cell therapy in patients with acute myocardial infarction. The
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accor dihgyto the invention can be perfornmed i mediately before a cell
infusion into the manmal . As already described above, by the assay
according to the invention those donors can be effectively excluded and
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an above, by the assay according to the inventlon those donors can be effectively excluded and
simultaneously patients with a higher risk can be identified that exhibit inferior neovasculari-
sation capacities. These patients can then be suitably treated, and in particular preventive
‘ and/or supportive. Alternatively, also patients can be identified by this assay that can have an
increased benefit from a precursor-cell therapy. In a further aspect of the method according to
the present invention, this relates to a therapy, wherein the examined isolated BMP and/or
BDP are autologous and/or heterologous for the patients to be treated, in particular the mam-

mal.

A further aspect of the present invention relates to a diagnostic kit, that in addition to means
for performing said method according to the invention contains further suitable components
and/or excipients. The kit can consist of one or several separated containers. In particular,
suitable components can be manuals or colour charts for aligning of results of measurement

based on reference values.
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the inventions wherein the sample to be examined is obtained from the bone marrow in a suit-

able manner. It is preferred that the sample to be examined is obtained from the bone marrow
by means of punctuation.
®

Due to the fact that during a withdrawal mostly a heterogeneous admixture of different pre-
cursor cells is obtained, a preferred method according to the invention comprises the isolation
by means of density-gradient-centrifugation and/or immunological methods. A particularly
preferred method for isolation takes place by using FACS or immunomagnetic separation,
wherein the cell specific surface marker can be selected for BMP from CD34, CD45 and/or
CD133, and can be selected for BDP from VEGFR2, CD105, vWF and/or CD31.

As already mentioned above, in a further aspect of the present invention the migration assay is
performed in a Boyden-chamber or in an improvement thereof (see above). Also in this case,
it is preferred that the chemo-attractant used for the migration assay is SDF-1, VEGF, PIGF or
MCP-1.
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sumed that it would be present down-regulated in impaired BMPs. Another approach would
be the modification of integrins, such as for example CD49a or other factors, such as for ex-

‘ ample VCAM-1 or factors interacting therewith.

A further aspect then relates to a specific bone marrow-precursor cell (BMP) or blood-derived
circulating precursor cell (BDP) that was produced by means of an above-mentioned method
according to the invention. These specific bone marrow-precursor cell (BMP) or blood-
derived circulating precursor cell (BDP) according to the present invention can be present as
isolated BMPs and/or isolated BDPs for the mammals/patients (that is, the respective accep-
tor) autologous (own) and/or heterologous (foreign). Naturally, also mixtures of cells are pos-

sible.

As already mentioned above the isolated BMPs and/or BDPs can be used in the context of the

cell therapy. A further aspect of the present invention therefore relates to a method for the
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preferred are substances that aré selected fromaspirin, clopidogel,
ACE- i ntonblityof ¢he adoehaisratpecssorsels.i nes, in particular atorvastatin,

erythropoi etin and/or VEGF. O her sub- stances are al so possible, as |ong
as they to not negatively influence the cardi ovascular func- tionality of
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infarction, acute cardiac syndrome, coronary artery disease, chronic ischemic cardiomyopathy

(ICMP), dilatative cardiomyopathy (DCM) or other causes of a heat insufficiency. Thereby

preferred is a use according to the invention wherein the treatment comprises the infusion of

‘ cells into the mammal. Thereby, as indicated above, other pharmaceutically active substances
can also be administered, particularly preferred is a treatment that furthermore comprises the

administration of statines, in particular atorvastatin, VEGF, and/or erythropoietin.

Recently performed experiments by the inventors showed that the migratory capacity of the
precursor cells of patients with CAD correlated (r = 0,783; p = 0,001; n = 11) very strictly
with the neovascular improvement following transplantation in nude mice after rear limb-
ischemia. Thus, the inventors concentrated on the measuring of the migratory capacity of the
transplanted precursor cells, immediately before the intracoronary infusion into patients with
acute myocardial infarction, in order to relate the functional characteristics of the transplanted
precursor cells with quantitative results of the outcome after 4 months. The results showed

that the migratory capacity of the infunded precursor cells predicted an improvement of the
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Sasaki K, Eguchi H, Onitsuka I, Matsui K, Imaizumi T. Transplanted cord blood-derived en-
dothelial precursor cells augment postnatal neovascularization. J Clin Invest. 2000:105:1527-
36.). In addition, it was reported that the intramyocardial injection of BMPs led to a regenera-
tion of significant amounts of contracting myocardium, suggesting that the novel generation
of myocardium can lead to an improvement of the outcome of myocardial infarction follow-

ing the local administration of adult precursor cells. Indeed, it could be recently shown by the



resting myocardium the reduction of the myocardial fibrosis and the
reduced apoptosis of hypertrophic mideytes in the peri-infarction region
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dium, the reduction of myocardial fibrosis, and apoptosis in the peri-infarction region. In ad-
‘ dition, immigrated precursor cells can not only release a multitude of angiogenetic growth
factors, whereby endogenous neovascularisation processes in the border zone of infarction are
amplified, but also release factors that attract circulating or tissue-resident heart-precursor
cells, whereby endogenous repair mechanisms of the myocardium are amplified. Finally, al-
though the number of infunded precursor cells did not predict the following functional im-
provement, we can not exclude the possibility that resident precursor cells have possibly dif-
ferentiated into functionally active cardiomyocytes, which would lead to a regeneration of
significant amounts of contracting myocardium. Comparisons between the transplantation of
contractile versus non-contractile cells in experimental studies showed that the improvement
of the ventricular contraction was specifically dependent from contractile cells, whereas the

ventricular dilatation was improved independently from the type of cell (Hutcheson KA, At-

kins BZ, Hueman MT, Hopkins MB, Glower DD, Taylor DA. Comparison of benefits on
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. from patients with ICMP, was significantly reduced. The injection of these BMPs from pa-
tients with ICMP into mice with rear limb-ischemia showed a significantly reduced ability to
reconstitute the rear limb-perfusion after unilateral ligation of the femoral artery. It can be
concluded therefrom that the reduced functional activity limits the potential for neovasculari-
sation of BMPs from patients with ICMP. The functional impairment of BMPs from patients
with ICMP can also limit their therapeutic potential for the medical cell therapy, in particular,
if an intravascular route of administration is used which requires that the precursor cells ex-
travasate against a gradient of a chemo-attractant, in order to migrate into ischemic tissue. The
monitoring of the migratory and colony forming activities of precursor cells before the ther-
apy can serve as a surrogate for the identification of patients that could gain a larger benefit
from the cell therapy. On the other side, a recent experimental study suggests that fully func-

tional BMPs from healthy donor mice can reconstitute the age-related host-cardiac angio-
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being I"imted thereto. In the Figures Figure 1 shows the quantitative
| eft ventricul ar angi ography that shows the ejection fraction

Figure 4 shows the flow cytometry analysis on precursor cell marker in BMP from the healthy
controls and patients with stable ischemic cardiomyopathy. a-c, no significant differences

. were observed between the two groups, and

Figure 5 shows the functional activity of the BMPs from den healthy controls and patients
with stable ischemic cardiomyopathy. a, Colony-forming units per 5 x 10° BMPs were deter-
mined after 14 days. b, The migratory capacity of the BMPs in response to stromal cell-
derived factor 1 (SDF-1) and c, Vascular endothelial growth factor (VEGF) were measured
using the BioCoat® invasion assay. d, Correlation between SDF-1 induced migration and
colony-forming capacity and e, Correlation between VEGF induced migration and colony-

forming capacity.
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(A), end-systolic and end-diastolic volunmes (B), at base |line and
followup for patients that receivedé6circulating bl ood-derived (BDP) or
bone marrowderived (BWMP) precursor cells, and for patients of the
non-random sed control group, Figure 2 shows the correl ati on between base
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Patients between 18 and 75 years were included into the study, if they

had a first acute ST- elevation myocardial infarction that was acutely
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Frankfu ] gﬁgé arpSrovegg'the protocol of the study as per- forned, and the

study was perforned in agreenment with the declaration of Hel sinki.
W i tteantolcg{gfrtﬁoslmcdc;nasse;érﬁ\’/\l{alﬁedobt ained fromeach patient.
The study protocol was described earlier (Assmus B, Schachinger V, Teupe C, Britten M,
Lehmann R, Dobert N, Grunwald F, Aicher A, Urbich C, Martin H, Hoelzer D, Dimmeler S,
Zeither AM. Transplantation of Progenitor Cells and Regeneration Enhancement in Acute
Myocardial Infarction (TOPCARE-AMI). Circulation. 2002;106:3009-17.). Briefly, patients
‘ were randomly grouped for the receipt of an intercoronary infusion of either bone marrow-
precursor cells (BMP) and/or blood-derived circulating precursor cells (BDP) 4 days follow-

ing AMIL.

In patients that received the bone marrow-precursor cells (BMPs) 50ml bone marrow-aspirate
were obtained in the morning of the day of cell transplantation. Bone marrow-derived mono-
nuclear cells (BMCs) were obtained by density-gradient-centrifugation. After two washing
steps the cells were resuspended in 10 ml X-vivo 10 medium (Biowhittaker). The cellular
suspension consisted of heterogeneous cell populations that, in addition to haematopoietic
precursor cells that were detected by FACS-analysis by using directly conjugated antibodies
against anti-human CD34 (FITC, Becton Dickinson), anti-CD45 (Becton Dickinson), CD14
{BD Pharmingen, San Diego, US), CXCR4 (BD Pharmingen), CD49d (BD Pharmingen) and



As an internal reference group reflecting the standard of care that was
provi ded at the hospi- tal, 15 patiedfs were chosen that were matched for
ejection fraction, location of infarction and size of infarction with
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(PECAM-1/CD31) (Dianova, Hamburg, Assmus B, Schachinger V, Teupe C, Britten M,
Lehmann R, Dobert N, Grunwald F, AicherA, Urbich C, Martin H, Hoelzer D, Dimmeler S,
ZeiherAM. Transplantation of Progenitor Cells and Regeneration Enhancement in Acute
Myocardial Infarction (TOPCARE-AMI). Circulation. 2002;106:3009-17., Dimmeler S,

. Aicher A, Vasa M, Mildner-Rihm C, Adier K, Tiemann M, Rutten H, Fichtlscherer S, Martin

H, Zeiher AM. HMG-CoA reductase inhibitors (statins) increase endothelial progenitor cells
via the PI 3-kinase/Akt pathway. J din Invest. 2001;108:391-7., Vasa M, Fichtlscherer S,
AicherA, AdlerK, Urbich C, Martin H, Zeither AM, Dimmeler S. Number and migratory ac-
tivity of circulating endothelial progenitor cells inversely correlate with risk factors for coro-
nary artery disease. Circ Res. 2001;8%:E1-7., Vasa M, Fichtlscherer S, Adier K, AicherA,
Martin H, Zeiher AM, Dimmeler S. Increase in circulating endothelial progenitor cells by
statin therapy in patients with stable coronary artery disease. Circulation. 2001 ,-103:2885-
90.).

The cells were infunded via an over-the-wire balloon catheter that was projected into stent

that was implanted earlier during the method of the acute, and inflated with low pressure, in



patient. The cells were seeded in a density of 6,4 x 105 cells/m2 on
fibronectin-coated dishes (Roche, Glénzach, DE). After 3 days of
culture, the cells were washed away with 0,5 nM EDTA, washed tw ce, and
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versely correlate with risk factors for coronary artery disease. Circ Res. 2001;89:E1-7.,

Asahara T, Takahashi T, Masuda H, Kalka C, Chen D, Iwaguro H, Inai Y, Silver M, Isner JM.

. VEGF contributes to postnatal neovascularization by mobilizing bone marrow-derived endo-

thelial progenitor cells. Embo J. 1999; 18:3964-72.).

Assay for colony forming units

BMPs (1 x 10° per dish) were seeded onto methylcellulose-plates {Methocult GF H4535) that
contained stem cell factor, G-CSF, GM-CSF, interleukin-3, interleukin-6, CellSystems, St.
Katharinen, DE). The plates were examined under phase contrast microscopy and colony
forming units of granulocyte-macrophages (CFU-GM; colonies) were counted after 14 days

incubation by two different researchers.

Left-ventricular angiography



the contrast material. Detection of the mgratory capacity of
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ar ea- |I§df]pt h- met hod (Dodge HT Sh, Ballew DW et al. The use of biplane

angi ography for the measurenent of left ventricule vol- unme in man. Eur
Heart J. 1960; 60: 762-776.), and the regional novenent of the wall was de-

t er m ned means of . using the.centreline-chord-nethod heehap F, Bol son
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Effects of precursor-cell therapy on the LV function

Figure 1 and Table I show the LV-gjection-fraction, the end-systolic and end-diastolic LV-
‘ volumes before and 4 months after intracoronary precursor cell-infusion. The transplantation

of precursor cells was associated with a profound improvement of the LV-¢jection-fraction of

49.2 + 10 % to 58.3 + 10 % (p < 0,001, Figure 1A) and a significant reduction of the LV end-

systolic-volume of 55.2 £ 18 ml to 44.1 £ 19 ml (p = 0.009, Figure 1B), irrespectively of the

infunded cell type. A detailed analysis of the regional wall movement resulted the most pro-

nounced improvement in the border region that as adjacent to the central area of infarction

(Table 2).

In contrast to this, in the reference group of patients that did not receive a precursor-infusion,
but, otherwise, were treated identically, no significant changes could be detected (Figure 1

and Table 2). Thus, despite similar starting values, in the reference group the improvement in



acterizing regional ventricular function. Crculation. 1986; 74: 293-305.).
Statistical analysis Continuous vari-abl-es are given as nean SD.

Cat egorical variables were conpared with the Chi-Square-test or
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infusion with a significant reduction in the volume of the late-amplification from 39.3 + 34 to

a

31.6 £ 28 ml, p < 0.038 was present, indicating a significant reduction of the size of infarc-
tion. Again, there were no significant differences between patients that received BDP com-
pared to BMP-patients.
®

Number and migratory capacity of transplanted precursor cells

The absolute number of the infunded precursor cells did not correlate with an improved global
or regional LV-function or with the reduction of the size of infarction, if the overall cell
counts or subgroups (e.g. CD34/CD45 or CD34/CD133 positive cells) were used (global ejec-
tion fraction: BDP: r=-0.73, p=0.2; BMP: r=-0.147, p=0.517; infarction size: BDP: r=-0.187,
p=0.5; BMP: r=-0.084, p=0.776). No significant differences were found in the functional im-

provement when the cell counts were dichotomised.

In contrast to this, the dichotomisation of the precursor cells migratory capacity into those
above and below of the mean value that patients that received cells with a high migratory ca-

pacity showed a significant improvement of the regional LV-function as was shown by quan-



fraction and inprovenent in the ejection fraction during the 4 nonths
followup, indicating that those patilents with the severest inpairment
in the LV-function had the | argest benefit in view of the inprovenent of
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bet wedVfieichiogopaizs odtinfatetiont As shawmin Table44i theanigratoryapaaity of the trans-
planted precursor cells remained strongest statistically significant independent predictive fac-
tor of the reduction of the size of infarction, as was measured by the reduction of the late-
. amplification volume. The only other predictive factor was the baseline-gjection fraction,
whereas neither the initial size of infarction, nor the age, gender or the time to revascularisa-
tion remained independent predictive factors. Likewise as summarized in Table 4B the migra-
tory capacity also independently predicted the regional LV-functional improvement. Thus, the
migratory capacity of the infunded cells 1s a major independent determinant of the functional

improvement and reduction of the size of infarction subsequent to the precursor cell-therapy

in patients with acute myocardial infarction.

Number and migratory capacity of BMPs
The characteristics and functional activity of BMPs were examined by using of bone marrow
aspirates of 18 patients with ICMP and B total volunteers. The baseline-charactenistics of the

study populations are depicted in Table 5.
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CD133+/ CD34+ cell s and_non-assigned |ine-/CD34+ did not differ be-
0.65; p < 0.001) (Figure 5d).

Independent predictive-factors for the functional activity of BMPs
The SDF-1 induced migration, but not the basal migration or the VEGF-induced migration
. correlated with the functional improvement of the neovascularisation in the rear-limb ische-
mia-model (r = 0.78; p<0.001) (Figure 6). The colony-forming activity of the BMP was also
significantly associated with the neovascularisation-capacity of the cells (r = 0.74; p<0.001).
Different clinical baseline characteristics of the patients were also associated with the thera-
peutic effect of the BMPs in the mouse model of rear-limb ischemia (Table 6, left column),
but all variables except for the SDF-1 induced migration lost their statistical significance,

when the analysis was limited to patients with ICMP (Table 6, right column).

For a prediction of a threshold-value of the functional improvement of the neovascularisation
ng for a preparation of the BMPs as described above, exemplarily a potential threshold-value

was determined that based on SDF-1 and VEGEF resulted in the following values:



tween the groups (Figure 4).
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For a prediction of a threshold-value of the functional improvement of the neovascularisation

ng for a preparation of the BDPs as described above, exemplarily a potential threshold-value

was determined that based on VEGEF resulted in the following values

Table B: migration of BDP

migration VEGF

(x1000)
N valid 120

lacking 215

median 4.8500
percentile
25 2.2250
33.333 2.8667
50 4.8500
66.666 7.7667
75 10.7000

in



medi an70. 250043. 0000 percentile 2538.125022. 0000 33. 33347.666725. 0000
5070. 250043. 0000 66. 666104. 000078. 25Q@-75120. 750096. 0000 The nunbers

i ndi cate how many of the cells of the 500,000 cells as enployed have
transm - grated within 24 It. 100 x 1000 thus mean that 20 % of the cells
have thoa gn acesgtablofprefeped dhreshadd-velue dasddramstho mbdienl inghofest wWith SDF-
functi.onal r,ov f th scul arisatio g e tion of
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medi amdigBH@lceble (ioetal B®%@52. 2250 33. 3332. 8667 504. 8500 66. 6667. 7667

7510. 7000 -24 For BMP an acceptable (preferred) threshol d-val ue based on
the nedian in the test with SDF- | thus would be 70 x 1000 mgrated cells
(i.e., r I I

{h oo sl b BOPG AEaflle (hioRercar EFRNR, BdPERe bEREERIan in bt

43 x MIGOVE®GFg, 88 ed00@igrated cells (iegca8l%p9 . In contrast, for BDP an
acceptabl e (preferred) threshol d-value based on the nedian in the test
with VEGF 4,85 x 1000 mgrated cells (i.e., ca. 1%9.

Despite the fact that not all cell-populations migrate identically, based on the overall migra-
tion of all cells thus information can be gained regarding the fact, how well the cells of the

patient migrate, and whether these are suitable.



Despite the fact that not all cell-populations mgrate identically, based
on the overall mgra- tion of all cells thus information can be gai ned
regarding the fact, how well the cells of the patient mgrate, and

whet her these are suitable. 9 Cains In vitro nethod for analyzing a
sanple froma mammal in connection with cardiovascu- |ar diseases, wherein
said nethod conprises the follow ng steps: a) isolating of bone

mar r ow- precursor-cells (BMP) and/or bl ood-derived circul ating
precursor-cells (BDP) by neans of cell specific surface markers, and b)
determ ning of the cardiovascul ar fgghisonality of the isolated BMP and/ or
BDP by neans of a suitable mgration assay. 2. Method according to claim
1, further conprising the conparison of the result as ob- tained fromthe
sanpl e as exaninegwmg%h a.reference value and/or. the result. of a refer-
ence sanpl/8 Vit E8adYHgs & 628PkifFAm agrammaliReioapsrtionevishrpliovesbe
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wher ei n a regsagRar el o BPRhpbmeas oficgll saga fie sirfuce peaskerbindr  EDTA, is added

to the peripheral bl ood. 6. .Metho cording tQ, clai erein

sarmle o Baeiimfed? te GrakhRlis Foidiene sttt ik, mol FhER B Bone
marrow. 7.mévek bod saeai¢ thigrdtidPadpy of claims 1 to 6, wherein the isolating
occurs by using density- gradient-centrifugation, cell specific surface

mar kers, and/or inmunol ogi cal methods. 8. Method according to claim?7,

wh int isol ati : i FACS i - ti tion.
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ence sample.

3. Method according to claim 1 or 2, wherein the sample to be examined is derived from a

hurnan.

4. Method according to any of claims 1 to 3, wherein the sample to be examined 1s se-
lected from the group consisting of bone marrow, peripheral blood or fractions thereof

and cell culture-suspensions or fractions thereof.

5. Method according to claim 4, wherein a coagulation inhibitor, in particular Heparin or

EDTA, 1s added to the peripheral blood.

6.  Method according to claim 4, wherein the sample to be examined is obtained by means

of punctuation from the bone marrow.

7. Method according to any of claims 1 to 6, wherein the isolating occurs by using density-

gradient-centrifugation, cell specific surface markers, and/or immunological methods.

8. Method according to claim 7, wherein the isolating occurs by using FACS or immu-

nomagnetic separation.



VEGFR2, CD105, vWF and/or CD31. 10. Method according to any of clains 1
to 9, wherein the mgration assay is-dberforned in a Boyden-chanber or a
nodi fi ed Boyden-chanmber. 11. Method according to any of clains | to 10,
wherein the m'é;ratlon assay is perforned by wusing SDF-1, VEG-, SDF-1 or
Pl GF & Mdethod agrordibg h@dnzaoﬁgluadnmgt@@ whyreof thelcgll spedific surface mirkeefon t he

cardi ovas r. e i.stin f st abl e
ond unst adt P isciele sy £0RG, S Snded P o Bbd 1Be L i b lsthef
syndrone, y@@eRs At od, Ral gid/encpacut e nyocardial infarction, acute
heart syndrone, coronary artery di sease, chronic ischenic cardl onyopat hy

(rawP), dil at atl ve cardi onyopat hy (DCM heart insufficiency, or other

causes of rdi ag weaknes hod ac ordln to any of clains | to
wHEr eNetheacrordig q any qu orlza fein "g'@f‘é‘ﬁ%*yés performeddnai on

|ntothe kl&% y of clalmslto 13, wherein
t he exam neg |50I%té%eélgg @?Pﬁéﬁgﬁ)%hg@g@rgutol ogous and/ or heterol ogous

for the manmal . 0 15. Di agnostic kit conprising nmeans for performng the
met hod according to_any of c|ains to 14, tBtglonall together with
addi t ildnaMeBegatreriing mammf céaeeisd.terhoswhqrsm @lglfatlpnéswﬂs RRtomed Y to

claim15 fQ gcgﬁg %FE#F 3pg P&, ﬂwc&?tpq cardi ovascul ar di seases, for

m)nltorlngo erapi es an or the determ nation of the

cardi ovas- cular functionality of BMPs or BDPs for a stratification for a
prospective cell therapy wth stem and progenitor cells for increasing
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obt ai ned, apfhCledtgbgr M ning of the cardiovascular functionality of the
i sol ated BMPs and/ or BDPs by

13.  Method according to any of claims 1 to 12, wherein the method is performed immedi-

ately before a cell infusion into the mammal.

14.  Method according to any of claims 1 to 13, wherein the examined isolated BMP and/or

BDP are autologous and/or heterologous for the mammal.

15. Diagnostic kit, comprising means for performing the method according to any of claims

1 to 14, optionally together with additional components and/or excipients.

16. Use of the kit according to claim 15 for diagnosing and/or prognosing cardiovascular
diseases, for monitoring of their therapies and/or for the determination of the cardiovas-
cular functionality of BMPs or BDPs for a stratification for a prospective cell therapy
with stem- and progenitor cells for increasing the perfusion of ischemic tissue or for the
regeneration of tissue loss in particular in heart insufficiency, and/or for identifying of
patients that would profit fro an ex vivo pretreatment of their BMPs or BDPs for an im-

provement of the cardiovascular functionality before retransplantation of the cells.



means of a suitable mgration assay. 18. Method according to claim 17,
wherein the sanple to be exam ned is-3Herived froma human. 19. Mt hod
according to claim17 or 18, wherein the sanple to be exam ned is selected
fromthe group consisting of bone marrow, peripheral blood or fractions

t her edf’. add web| methotlt for eisslaspespeons tone f mawow gnecurdoecelds (BMPs) Matliood

according,to claim19, wherein the sa to be.exam ned is obtained by
means of r?ﬁﬁ?@f Vﬁgﬁlr?‘f]?)tﬂﬁW@cﬁéﬂéeﬁﬁkﬁag\ﬁ)’ PMPIRERE0d according to any of

clainms 17 k F’%{‘E‘%ﬁfja'.l by d&%k-ﬂ{aﬁlﬂ joccurs by neans of
density-grazgll ﬁ%‘l cent if?urgatedl on, ce a}s’pecifi c surface markers, and/or
i mmunol ogibg édolatimgtBMEs and?@r BDES froch the sanplesg obmiredaard 21, wherein the

i sol ating occurs, by using FACS or imu, ' nomagnetic separ ati(ﬂn. 23. Met hod
accor di ng @ 8ctgRyingie &ff the fardioyascyla funchjepality of theaiselated Eﬁ\ﬂ@&?’f’ er BDPs hre

mar ker for eaﬁyg%@@iee@ﬁ%g&ra% CD34, CD45 and/or CD133, and for BDP is
, .V

sel ected from "and/or CD31. 24. Method according to any
of clainms 17 to 23, wherein the mgration assay is performed in a
Boyden- chanber or a nodified Boyden-chanber. 25. Method according to any
of cl didns Methed agcordipgteickimhle, mhgrean thersampialp beexunined Hederivisg Tips ag
SDF- 1, VE% SDF-1 or PIGF or MCP-1. -4 26. Method according to any of
clains 17 8“?5, wherein the isolated BMP and/or BDP are further
genetically nodified, in particular in order to inprove the cardi ovascul ar
func- tionality of the cells. 27. Specific bone marrow precursor-cell
(BVP) 18 blIMetiodaetordingdp redimat? ay 1prebareindhe sanple to ppxamprasiigselgcted
cording o any of clains 17,.to 26. 28. Specific bone ..
@ o o sty Btertln ForRistie of b Do epsriZbiaL blod PR Retions theresfang gl
( BDP) accepfiRGussensionl 8t Bdctiohd &icpédT. t he i sol ated BMPs and/or isol ated
BDPs are autol ogous and/or heterologous for the manmal. 29. Method for

produci ng a pharnaceutical conposition, conprising the nethod according

':)(r)]a?ny th ﬁlggqlhg(i &%’r‘b% in%Gtoaagirr]; 5:[ bﬂ%@l‘r{a?r{ ef garmp tleetlct) Ib@gex%;nirsl(% 1ds obtained by

means of punctuation from the bone marrow.

21.  Method according to any of claims 17 to 20, wherein the isolating occurs by means of
density-gradient-centrifugation, cell specific surface markers, and/or immunological

methods.

22.  Method according to claim 21, wherein the isolating occurs by using FACS or immu-

. nomagnetic separation.

23. Method according to any of claims 17 to 22, wherein the cell specific surface marker for
BMP is selected from CD34, CD45 and/or CD133, and for BDP is selected from
VEGFR2, CD105, vWF and/or CD31.

24, Method according to any of claims 17 to 23, wherein the migration assay is performed

in a Boyden-chamber or a modified Boyden-chamber.

25. Method according to any of claims 17 to 24, wherein the migration assay is performed
by using SDF-1, VEGF, SDF-1 or PIGF or MCP-1.



tion by adm xing with common pharmaceutically acceptable carries and/or
di luents. 30. Method according to cladm 29, wherein fornulating
furthernore conprises an adm xing wth statines, in particular
atorvastatin, VEG- and/or erythropoietin. 31. Pharmaceutical conposition,
producéd adabodincrgrding ¢d anyw2Qaiars 0o 252 whekeen thie isolstpé BMP an@dbPBEPddrer

BDP accor dj to clajm27 . .90r 28 or.a pharnpceutical conpgsitio

accor di ngc}vf@%‘agap?ﬂ%klymdlﬁ% ip Pagichiah in G7cE & HNBRPE ¢hA Srdigvesch s unc-

sel ected tifohﬁ’lﬁyg?&egfeﬁk{p consi sting of stable and unstabl e angina, stable
coronary heart di sease, acute coronary syndrone, nyocardial infarction,
acute nyocardial infarction, acute heart syndronme, coronary artery

di sease, chranic ischem c cardi onyopat h{ (r1cwP), di- latative

car di gy opReH{ic boagjmanpagprecitsainesli GMRLyr blgpd-demead erpulatinggrecursoscall ac
weak- nes . ?@ﬁ r g [ , erein the treatnent

conpri ses??ﬁgiipﬁ usiegﬁg%frgég?? é&%c@ddﬂsﬁlé t?]g@n"rral. 34. Use according to
claim 32, wherein the treatnent furthernore conprises the adm nistra-

tion of statines, in particular atorvastatin, VEGF and/or
er yt hZ8poiSgesific bone marrow-precursor-cell (BMP) or blood-derived circulating precursor-cell

(BDP) according to claim 27, wherein the isolated BMPs and/or isolated BDPs are

autologous and/or heterologous for the mammal.

. 29.  Methed for producing a pharmaceutical composition, comprising the method according
to any of claims 1 to 26 and furthermore formulating of said pharmaceutical composi-

tion by admixing with common pharmaceutically acceptable carries and/or diluents.

30. Method according to claim 29, wherein formulating furthermore comprises an admixing

with statines, in particular atorvastatin, VEGF and/or erythropoietin.
31.  Pharmaceutical composition, produced according to claim 29 or 30.

32. Use of a specific BMP and/or BDP according to claim 27 or 28 or a pharmaceutical
composition according to claim 31 for the treatment of cardiovascular diseases, selected

. from the group consisting of stable and unstable angina, stable coronary heart disease,
acute coronary syndrome, myocardial infarction, acute myocardial infarction, acute

heart syndrome, coronary artery disease, chronic ischemic cardiomyopathy (ICMP), di-

latative cardiomyopathy (DCM), heart insufficiency, or other causes of a cardiac weak-

ness.

33. Use according to claim 32, wherein the treatment comprises the infusion of cells into

the mammal.

34. Use according to claim 32, wherein the treatment furthermore comprises the administra-

tion of statines, in particular atorvastatin, VEGF, and/or erythropoietin.



