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STEM CELLS, METHOD FOR THEIR
PURIFICATION, IDENTIFICATION, AND USE

FIELD OF INVENTION

[0001] The invention relates to new stem cell populations,
to their purification and use for treatment of vascular patholo-
gies and other types of human pathologies.

STATE OF THE ART

[0002] It is by now well known that adult peripheral blood
contains bone marrow-derived circulating cells capable of
differentiating in mature endothelial cells (ECs), termed
endothelial progenitor cells (EPCs); these cells are able to
localise at the sites of ischemia contributing to formation of
new blood vessels. Due to this property, these cells have been
successfully used for tissue repair both in in vivo animal
models and in patients affected by acute myocardial infarc-
tion and chronic ischemic cardiopathy.

[0003] On the other hand, it is also well known that post-
ischemic infusion of terminally differentiated mature endot-
helial cells does not result in increased vascularization, hence
it is clear that these cells lose their potency upon differentia-
tion.

[0004] It is well known that EPCs can be obtained from
CD133+ cells, from CD34+CD14- cells and from CD14+
CD34- cells, even though it is still uncertain whether the
latter are truly endowed with stem capacity. Furthermore, the
real number of endothelial progenitors in peripheral blood
and bone marrow is still a matter of discussion.

[0005] There is a clear interest for in depth studies in this
field, in view of the potential importance of these cells for
reconstruction of tissues damaged by ischemia and pathologi-
cal or traumatic events.

[0006] Itis also well known that a gene has been recently
described, termed NANOG;, which plays a key role in renewal
and maintenance of embryonic stem cell pluripotency.
NANOG expression has not yet been studied in adult stems
cells.

DESCRIPTION OF THE FIGURES

[0007] FIG.1 shows the differential expression of NANOG
in adult cells endowed with stem capacity and in cells from
other tissues.

[0008] FIG. 2 shows the expression of NANOG in cultured
EPCs.
[0009] FIG. 3 shows the expression of various markers by

cultured EPCs, at mRNA level.

[0010] FIG. 4 demonstrates that cultured EPCs are CD14+
CD34+
[0011] FIG. 5(A) shows the separation of CD14+CD34-

cells and of CD144CD34+ cells from circulating CD14+
cells.

[0012] FIG. 5 (B) shows the expression of NANOG in the
three distinct CD14+CD34+, CD14+CD34-, CD14+ popu-
lations.

[0013] FIG. 6 shows the different ability of CD14+CD34+,
CD14+CD34- and CD14-CD34- cells to differentiate in
endothelial cells, and to express endothelial-specific markers.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The present invention allows the use of a new popu-
lation of stem cells that can be applied to tissue reconstruction
therapy, and enables identification and recovery of said cells.
Moreover, the invention allows realisation of a diagnostic kit
to evaluate the percentage (and the absolute number) of cir-
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culating cells endowed with stem capacity and a kit for puri-
fication of said cells for therapeutic purposes.

[0015] In fact, it has been surprisingly found that the
NANOG gene is a useful marker for identification of adult
stem cells, since it is expressed by CD133+ cells obtained
from the umbilical cord or peripheral blood or from CD34+
cells. These are notoriously adult cells endowed with stem
capacity. In contrast, NANOG is not expressed in primary
cultures of endothelial, epithelial, smooth muscle cells, in
lymphocytes or other terminally differentiated cell types
(FIG.1).

[0016] Moreover, it has been found that NANOG is
expressed at high levels in mononucleated circulating cells
(MNC) cultured in order to obtain EPCs, while the expression
of this gene disappears when cells acquire phenotypic char-
acteristics of terminally differentiated cells and mature endot-
helial cell markers, such as Von Willebrand factor, KDR and
Tie-2 (FIG. 2). EPCs express high levels of NANOG, CD14+,
CD34+, CD105+, as shown by Real-time quantitative RT-
PCR analysis (FIG. 3).

[0017] By cytofluorimetric surface analysis, said cells are
also CD14+,CD105+,CD11c+, CD31+,CD86+, HLA-DR+,
whereas the presence of CD34+ on the surface of the cells of
the present invention was not detectable by normal cytofluo-
rimetric techniques (Table 1).

TABLE 1

Surface markers MNCs EPCs

CDla 0.05 +0.05 23+0.7
CDlc 1.75+0.2 0.5+0.1
CD3 58.1 0.1 7.9+0.9
CDllc 329+04 86.0= 1.9
CD14 18.7+1.5 84.9+2.0
CD16 17413 81.8 2.8
CD19 6.8 1.0 2.7+0.6
CD31 60.5 0.8 84.0 4.8
CD34 0.15 £0.05 0.7+0.2
CD45 954 0.2 98204
CD80 0.7+0.2 31=+0.1
CD86 19.2+1.0 743 6.6
CD105 82x1.2 83.1+1.8
CD133 0.2 £0.05 0.6+0.3
HLA-DR 38.3+0.2 86.5+3.2

[0018] A much more sensitive method has been applied to
find out whether CD34 is also expressed on the surface of said
cells, as suggested by the presence of high levels of the
corresponding mRNA. In particular, the cytofluorimetric
technique employing antibody (Ab)-coupled magnetofluo-
rescent liposomes (Ab-CMFL) has been used for this pur-
pose. This technique, that can increase the fluorescent signal
about 100-1000 fold, demonstrates that almost all cultured
cells are CD14+CD34+ (FIG. 4).

[0019] As mentioned above, the cell population of the
present invention consists of cells showing the simultaneous
presence of CD14 e CD34 markers on their surface, which
made possible the isolation of this population from the
remaining mononucleated cells in peripheral blood. In addi-
tion to circulating blood, as mentioned above, the isolation of
cells according to the invention can be similarly performed
from umbilical cord blood, bone marrow, placenta or adult
tissues.

[0020] To verity whether the population of cultured CD14+
CD34+ EPCs originated from selection of a pre-existing
population in peripheral blood, mononucleated cells were
isolated from the other cellular elements present in the blood,
by separation in a density gradient (density=1.077 gram/
liter). CD14+ cells were purified from the population of
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mononucleated cells of peripheral blood by means of a posi-
tive separation method involving a magnetic column. Once
the number of cells was determined, these were incubated in
buffer containing anti-CD14 antibodies coupled to super-
paramagnetic microspheres and applied to a column in a
magnetic field. The CD14+ cell fraction was recovered by
elution upon removal of the column from the magnetic field.
[0021] The purified CD14+ cell fraction (>95% homoge-
neous) was then sequentially incubated with: fluorescein
coupled anti-CD34 antibodies, digoxigenin coupled anti-
fluorescein antibodies, biotin coupled anti-digoxigenin anti-
bodies and, finally, with fluorescent liposomes (Ab-CMFL)
to which anti-biotin antibodies were previously coupled
(FIG. 5(A)).

[0022] After this treatment, cells were analysed by means
ofa sorting cytofluorimeter and the CD14+CD34+ cell popu-
lation was isolated (purity>98%). Using the Ab-CMFL tech-
nique, the percentage of CDI14+ cells that also express
CD34+ was measured in 10 healthy subjects with age ranging
between 24 and 40 years. The percentages of CD14+CD34+
cells were comprised from 1.2 to 7.5% of all leukocytes.
[0023] To confirm that circulating CD14+CD34+ cells are
the primary source of EPCs, CD14+ cells were purified from
the mononucleated population and subdivided into CD34+
and CD34- cells, using the Ab-CMFL technique. The
residual population of CD14-CD34- cells was also evaluated
as further control. The three populations isolated by these
means were then tested for NANOG expression by quantita-
tive RT-PCR. NANOG expression turned out to be signifi-
cantly higher in CD14+CD34+ cells and significantly lower
in CD14+CD34- cells, as compared to non-separated CD14+
cells (FIG. 5(B)).

[0024] CD14+CD34+, CD14+CD34- and CD14-CD34-
sub-populations were cultured in presence of VEGF under the
above conditions and examined on day 12 for expression of
typical endothelial cell markers, such as KDR and vW{. The
results have shown that, in both populations, the expression of
KDR and vWfmRNAs was absent or extremely low on day O.
However, expression of these markers progressively
increased in the CD14+CD34+ subgroup, reaching a maxi-
mum on day 12, while remained virtually unchanged for all
the culture period in the CD14+CD34- population and in the
CD14-CD34- population.

[0025] Flow cytometric tests for surface expression of
KDR and Tie-2 confirmed that basically all cells of the
CD14+CD34+ population expressed both KDR and Tie-2,
while these same markers were virtually absent in cells
derived from CD14+CD34- and CD14-CD34- cell popula-
tions (FIG. 6).

[0026] EPC cells expressing NANOG were CD14+CD34+
positive. These cells originate from selection in culture of
circulating CD14+CD34+ cells expressing NANOG, which
pre-exist in peripheral blood.

[0027] Hence it is evident that the CD14+CD34+ popula-
tion, which is characterised by the expression of NANOG, is
the main source of EPCs.

[0028] Therefore the recovery from blood and the use of
CD14+CD34+ cells expressing NANOG can be important for
treatment of vascular damage. Furthermore, testing for
NANOG expression may represent a useful way to identify
adult human cells with stem capacity. NANOG expression, a
feature of pluripotent stem cells, suggests that this stem cell
population may be therapeutically useful also in other types
of pathologies characterised by organ or tissue damage.
[0029] Thus the invention also relates to pharmaceutical
compositions that can be useful in cell therapy for treatment
of ischemia, of neurodegenerative or cerebrovascular dis-
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eases, and for therapy of organ damage. (heart, kidney, pul-
monary, liver or pancreatic failure and reconstruction of uro-
genital, visual, hearing, olfactory, cutaneous and/or mucous,
bony and/or cartilaginous organs and tissues), treatment of
haematological diseases and immunodeficiencies.

[0030] Moreover, the ability to determine the number of
cells present in the blood represents an interesting diagnostic
method to evaluate appropriateness of adopting cell therapy
for treatment of the above-mentioned pathologies, based on
presence or absence of a sufficient number of cells in the
patient.

EXPERIMENTAL PART

[0031] CD14+ or HMVEC cells (8x10° cells/ml, cell den-
sity 2.5x10° cells/cm?) were plated on human fibronectin
coated culture dishes and maintained in basal endothelial
medium enriched with EGM Single Quotes, VEGF (100
nm/ml) and 20% FCS. Total RNA from said cells was
extracted and treated with Dnase I in order to remove any
possible genomic DNA contaminant. Tag-Man RT-PCR was
performed as described by Lasagni L et al. <<An alternative
spliced variant of CXCR3 mediates 1P-10, Mig e I-TAC
induced-inhibition of endothelial cell growth and acts as
functional receptor for PF-4<<J. Exp. Med, 2003; 197: 1537-
1549.

[0032] Tie-2, KDR determination and CD1a quantification
were then performed by a Tag-Man assay using a commercial
kit (Applied Biosystems, Warrington, UK).

[0033] Standard curves were generated using a series of
dilutions of the mRNA prepared from HMVEC. For specific
and quantitative determination of the expression of NANOG
mRNA in different human tissues and cultures, we prepared
different oligonucleotide pairs capable of detecting the
human ortholog of the murine Nanog gene, mapped at 12p
13.31.

[0034] To ensure specificity, the entire sequence amplified
by said oligonucleotides was used for tBLASTn searches of
the whole human genome, at the NCBI.

[0035] The oligonucleotide pair selected on the basis of
specificity was used for a quantitative Tag-man RT-PCR
assay, together with a VIC-labelled fluorescent probe. Speci-
ficity and optimal amplification efficiency of said oligonucle-
otides were tested on a plasmid carrying the NANOG cDNA
sequence.

[0036] Primers and probes are:

[0037] Nanog: VIC probe, 5-TCCATCCTTGCAAAT-
GTCTTCTGCTGAGAT-3": forward 5'GAT TTGTGGGC-
CTGAAGAAAACT-3'; REVERSE 5-AGGAGAGA-
CAGTCTCCGTGTGAG-3'.

[0038] mRNA levels were quantified by comparison of the
experimental data with standard curves generated from a
dilution series using identical amounts of plasmid DNA.
[0039] Flow cytometric analysis of cell surface molecules
was performed as described in the above mentioned paper,
followed by the Ab-CMFL technique (see also Scheffold A. et
al. <<high sensitivity immunofiuorescence for detection of
the pro- and anti-inflammatory cytokines gamma interferon
and interleukin-10 on the surface of cytokine-secreting
cells>> Nat. Med. 2000; 6:107-110.).

[0040] This method makes possible to increase the inten-
sity of the fluorescence signal 100-1000 fold compared to
conventional methods.

[0041] Adherent cells were incubated on poly-L-lysine
coated substrates for 30" at 37° C. in presence of acLDL
double labeled probes for one hour; after fixation, samples
were incubated in presence of FITC-labeled Ulex europeus
agglutinin I. Samples were mounted in anti-fading media and
examined by conventional confocal microscopy.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 3

<210> SEQ ID NO 1

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Probe for human ortholog of mouse NANOG gene

mapped at 12p 13.31
<400> SEQUENCE: 1

tccatcettyg caaatgtett ctgctgagat

<210> SEQ ID NO 2

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

30

<223> OTHER INFORMATION: Reverse primer for VIC-marked probe for human

ortholog of mouseNANOG gene mapped at 12p 13.31

<400> SEQUENCE: 2

aggagagaca gtctcegtgt gag

<210> SEQ ID NO 3

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

23

<223> OTHER INFORMATION: Forward primer for VIC-marked probe for human

ortholog of mouseNANOG gene mapped at 12p 13.31

<400> SEQUENCE: 3

gatttgtggyg cctgaagaaa act

23

1-11. (canceled)
12. Adult human cells endowed with stem capacity char-
acterised by the simultaneous presence of CD14* and CD34+
on the cell surface as well as the stem cell marker NANOG.
13. Process for the identification of the cells according to
claim 12 wherein the expression of RNA and/or protein of the
transcription factor NANOG is measured.
14. Process for the recovery from peripheral blood, of the
stem cells population according to claims 1 wherein the
simultaneous presence of CD14 and CD34 markers on the
cell surface is used to isolate said population from the remain-
ing mononucleated cells in peripheral blood.
15. Process according to claim 14 wherein said recovery is
performed from circulating blood, peripheral blood, umbili-
cal blood, bone marrow, placenta or adult tissues.
16. Process according to claims 14 comprising the follow-
ing steps:
isolation of mononucleated cells from other cellular ele-
ments of the blood is accomplished by means of density
gradient separation (density=1.077 gram/litre);

purification of CD14* cells present in the population of
mononucleated cells of peripheral blood is accom-
plished by immunomagnetic separation;

recovery of CD14*CD34" cells is obtained by incubation
of the CD14* population with fluorescein coupled anti-
CD34 antibodies, digoxigenin coupled anti-fluorescein
antibodies, biotin conjugated abti-digoxigenin antibod-
ies and finally with fluorescent liposomes and then puri-
fied with a sorting cytofluorimeter to isolate the CD14+
CD34+ population.

17. Method for the treatment of ischemia, neurodegenera-
tive or cerebrovacsular diseases and for therapy of damage of
heart, kidney, pulmonary, liver or pancreatic failure and
reconstruction of urogenital, visual, hearing, olfactory, cuta-
neous and mucous, bony and cartilagineous organs and tis-
sues, treatment of haematological diseases and immunodefi-
ciencies wherein cells according to claim 12 are used
according to the usual methods of cell therapy.

18. Kits comprising a series of specific reagents for mark-
ers of the population as in claim 12 which allow identification
and/or recovery of the stem cell population according to the
process of claim 16.

19. Kit according to claim 18 wherein said reagents are
antibodies or probes specific for CD14 and CD34 markers
associated with antibody (Ab)-conjugated magnetofluores-
cent liposomes or other secondary reactants.
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